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Abstract

Technological developments in recent decades have increased young people’s engage-

ment with screen-based technologies (screen time), and a reduction in young people’s con-

tact with nature (green time) has been observed concurrently. This combination of high

screen time and low green time may affect mental health and well-being. The aim of this sys-

tematic scoping review was to collate evidence assessing associations between screen

time, green time, and psychological outcomes (including mental health, cognitive function-

ing, and academic achievement) for young children (<5 years), schoolchildren (5–11 years),

early adolescents (12–14 years), and older adolescents (15–18 years). Original quantitative

studies were identified in four databases (PubMed, PsycInfo, Scopus, Embase), resulting in

186 eligible studies. A third of included studies were undertaken in Europe and almost as

many in the United States. The majority of studies were cross-sectional (62%). In general,

high levels of screen time appeared to be associated with unfavourable psychological out-

comes while green time appeared to be associated with favourable psychological outcomes.

The ways screen time and green time were conceptualised and measured were highly het-

erogeneous, limiting the ability to synthesise the literature. The preponderance of cross-sec-

tional studies with broadly similar findings, despite heterogeneous exposure measures,

suggested results were not artefacts. However, additional high-quality longitudinal studies

and randomised controlled trials are needed to make a compelling case for causal relation-

ships. Different developmental stages appeared to shape which exposures and outcomes

were salient. Young people from low socioeconomic backgrounds may be disproportion-

ately affected by high screen time and low green time. Future research should distinguish

between passive and interactive screen activities, and incidental versus purposive exposure

to nature. Few studies considered screen time and green time together, and possible recip-

rocal psychological effects. However, there is preliminary evidence that green time could

buffer consequences of high screen time, therefore nature may be an under-utilised public

health resource for youth psychological well-being in a high-tech era.
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1 Introduction

1.1 Background

The prevalence of mental illness among children and adolescents is increasing globally [1–3].

In particular, depression and anxiety are leading causes of reduced quality of life among chil-

dren and adolescents [4–8]. Experiences of depressive and anxiety symptoms in childhood

and adolescence are associated with an elevated risk of poor mental health in adulthood [8–

12], suggesting enduring consequences of compromised mental health while young for well-

being and functioning across the lifespan.

Given these lifelong impacts, there is a pressing need to identify and address upstream

determinants of mental health, focussing on the prevention of mental illness alongside the pro-

motion of mental well-being. This scoping review focuses on two emerging determinants of

interest: time spent engaging with screen-based technologies, referred to as ‘screen time’ (ST),

and exposure to or time spent in nature, referred to as ‘green time’ (GT).

With rapid technological developments making access to electronic devices and their pres-

ence in our lives pervasive, concern is mounting about the psychological impact of prolonged

ST, particularly in children and adolescents [13–18]. A decade ago in a U.S. sample of 8-to-18

year olds, the average ‘total screen time’ was reported at 7.5 hours a day [19] and was highest

in 11-to-14 year old adolescents (9 hours). This greatly exceeds recreational ST guidelines of 2

hours or less per day [20]. With widespread integration of digital technologies in school curric-

ula [21], ST is no longer confined to recreational use, making it an inevitable part of young

peoples’ lives.

Moderate ST can be beneficial for young people in a connected world [22] as it may afford

them with opportunities to enhance existing relationships, forge new connections, engage in

safe identity exploration, aid in academic pursuits, and provide access to information about

the world beyond their immediate surroundings [23]. However, from a developmental neuro-

biology perspective, excessive ST may be detrimental to young people as ST stimulates neuro-

biological systems such as the hypothalamic-pituitary-adrenal (HPA) axis [24] and

dopaminergic circuitries [25]. Childhood and adolescence are sensitive periods in which these

systems develop and change [26–29], making them particularly vulnerable to insult. From a

lifestyle and social perspective, it has been argued that excessive ST also displaces important

protective behaviours for mental health such as physical activity [30, 31], getting adequate

sleep [32], in-person social interactions [33], and academic activities [34].

As ST has increased, regular engagement with natural environments has concurrently

decreased among young people. Children in high-income countries are now experiencing sig-

nificantly lower levels of contact with nature, or GT, than previous generations [35, 36]. For

example, twelve-year-old children in the U.S. report spending an average of less than 6 hours

per week outdoors [37], which is less than the average daily screen time for young people. Sim-

ilarly, in England fewer than a quarter of children reported regularly visiting their local ‘patch

of nature’ and less than one in ten children reported regularly playing in wild places, compared

to half of all children in the previous generation [38]. Likewise, in a survey of Australian adults,

73% reported playing outdoors more often than indoors when they were children, compared

to only 13% of their own children today [39]. Young people’s time spent in nature has been

strongly influenced by rapid urbanisation which in many nations has reduced access to both

urban greenspaces and private gardens [40].

Benefits of natural environments could be gained through increased physical activity [41,

42] and social connections experienced in greenspaces like parks [41, 43]. Natural areas also

tend to be less crowded, with reduced air and noise pollution, which is beneficial for overall

health [41]. Furthermore, time spent exposed to natural sunlight helps to regulate circadian
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rhythms, encouraging healthy sleep-wake cycles and improved sleep [44], which is key for psy-

chological well-being. Several theories within evolutionary and environmental psychology pro-

pose that engagement with natural environments is directly beneficial for human health and

well-being [45, 46]. Notably, Kaplan’s Attention Restoration Theory postulates that nature has

specific restorative effects on cognitive functioning [46, 47] and Ulrich’s Stress Reduction The-

ory contends that nature induces positive affect through reduced stress [45].

Experiences of ST and GT appear to influence psychological well-being in contrasting ways.

Screen-based technologies are stimulating and extensive use can potentially displace important

protective behaviours, thus they may be detrimental to psychological well-being. Conversely,

natural environments may facilitate attention restoration and stress reduction, and support a

range of behaviours that promote psychological well-being. As such, it may be argued that the

combination of increased ST and decreased GT may be harmful for young people’s mental

well-being, and increasing GT may serve as an important ameliorator of ST, to promote men-

tal well-being in an inevitably high-tech era. This may be particularly important for children

and adolescents from low socioeconomic backgrounds, who typically engage in greater

amounts of ST [48–51] and are also less likely to live in green neighbourhoods [52]. However,

research investigating the psychological impacts of ST or GT typically considers ST and GT in

isolation and fails to delineate the reciprocal effects of high technology use and low contact

with nature on mental health and cognitive outcomes [53]. Such research could give us a

greater understanding of 21st century drivers of youth well-being and guide recommendations

regarding ST and GT for optimal psychological functioning. We are not aware of any previous

review that has attempted to collate evidence about the effects of both of these exposures on

child and adolescent psychological outcomes.

This scoping review has four aims:

1. To describe the international literature and evidence regarding the impact of ST and/or GT

on psychological outcomes in children and adolescents;

2. To explore the basis for inference about causal links between ST, GT, and psychological

outcomes for children and adolescents;

3. To explore the extent to which findings hold, or vary, across the spectrum of socioeconomic

status;

4. To investigate the extent to which studies have attempted to delineate the reciprocal effects

of ST and GT on psychological outcomes in children and adolescents.

1.2 Key definitions

The literature exploring the effects of ST and GT on psychological outcomes in children and

adolescents is plagued with inconsistent terminology and calls for clarification and consis-

tency. Therefore, this review will operationalise the following constructs as defined below:

1.2.1 Screen time. Screen time (ST) refers to time spent engaging with visual screen-based

technologies such as televisions, computers/laptops, videogames, smart phones, tablets/iPads,

and handheld electronic or gaming devices. Using the Internet, social media, or communicat-

ing via text message are all activities which are included in the definition of ST. Solely auditory

activities, such as talking on a phone and listening to music, are not included.

1.2.2 Green time. For the purposes of this review, green time (GT) is broadly defined as

time spent in, or exposure to, natural environments, elements, or content. This can be further

specified as (a) incidental exposure to green space and/or natural elements, as measured by res-

idential greenness or level of greenness surrounding schools and commuting environments;
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(b) accessibility to green spaces, public parks, open public spaces, private gardens, or green

infrastructure; (c) purposive use of green spaces, public parks, private gardens, or green infra-

structure; (d) activities centred around nature such as wilderness expeditions, gardening, hor-

ticultural activities, surfing, or outdoor play; and (e) educational contexts such as education

outside the classroom or forest schools and kindergartens. Both the quantity and quality of GT

may be considered, which includes attending to the size of green spaces or duration of time

spent in green spaces, along with the level of naturalness or specific features of the environ-

ments under investigation. A definition of this breadth is necessary given the heterogeneity of

existing definitions and lack of consistency when considering GT in the literature.

1.2.3 Psychological outcomes. For the purpose of this review, psychological outcomes is a

summary term which encapsulates four constructs, measuring a range of psychological vari-

ables, including (a) indicators of poor mental health, (b) indicators of positive mental health,

(c) cognitive functioning, and (d) academic achievement (Table 1). We have included aca-

demic achievement in our scoping review given it can be an indicator of positive psychological

functioning [54], integrating aspects of cognitive control such as self-regulation [55], attention

[56], executive functions, and working memory [57].

2 Methods

Due to the diverse and largely observational nature of the existing literature in this field, a scop-
ing review was selected as the preferred method. Unlike systematic reviews, scoping reviews

have a less focussed research question, attempt to describe the available literature broadly, and

include diverse study designs and methods [58]. Further, scoping reviews do not require an

evaluation of the quality of the evidence and do not involve a meta-analysis [58]. The current

study is referred to as a systematic scoping review as a systematic approach has been employed

to identify, include, and extract data from studies. This review drew on both the PRISMA

Scoping Review Checklist [59] (see S1 File) and Arksey and O’Malley’s widely used framework

for scoping reviews [58].

Table 1. Psychological outcomes included in the review.

Constructs Variables

Indicators of Poor Mental Health Common internalising or externalising disorders2 or their symptoms, such as:

• Depression

• Anxiety

• Stress

• Psychological distress

• Poor self-regulation

• Emotional problems

• Psychological difficulties

• Psychosomatic symptoms

• Negative affect or mood

Indicators of Positive Mental Health Refers to elements of positive psychology or overall well-being, such as:

• Happiness

• Resilience

• Satisfaction with life

• Quality of life

• Health-related quality of life

• Self-esteem

• Optimism

• Positive affect or mood

• Hope

• Prosocial behaviour

Cognitive Functioning Refers to mental processes, such as:

• Attention

• Working memory

• Executive function

• Visual, spatial, verbal, language, and cognitive development

Academic Achievement Refers to school measures, such as:

• Subject grades

• Grade point averages (GPA)

• Test or examination results

https://doi.org/10.1371/journal.pone.0237725.t001
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A three-step search strategy was employed. Step one was key word scoping, which involved

an initial limited search of relevant databases, followed by an analysis of text words contained

in the title, abstract, and index of terms used to describe key articles. Step two involved con-

structing and performing a systematic search, using the identified keywords and index terms

from step one, across selected databases. Step three involved checking reference lists of

included publications and manually searching the literature to identify additional relevant

studies which may have been missed in the computerised search.

2.1 Data source

The following four databases were searched from inception up until 18 February 2019:

PubMed, PsycINFO, Embase, and Scopus. The search strategies are available in the S2 File.

2.2 Study selection

Results from the systematic search were screened for eligibility according to the inclusion and

exclusion criteria outlined below.

2.3 Inclusion/exclusion criteria

Studies were included if they met the following criteria:

1. Participants were aged� 18 years, with no serious mental, cognitive, or developmental dis-

order requiring clinical intervention;

2. The exposure being measured was “screen time” and/or “green time” (as previously

defined) and was not used as a part of a mental health intervention in a clinical group.

Given the breadth of the literature, studies were only included if they measured the dura-

tion of exposure to two or more screen-based activities (e.g., TV and computer use), thus

providing a more complete depiction of ST exposure overall for young people. The excep-

tion to this was the inclusion of studies measuring only one screen activity if they also mea-

sured GT, given the relative rarity of these studies;

3. At least one of the psychological outcomes outlined in Table 1 was reported; and

4. Studies were quantitative, involving analysis of original data, and provided a measure of

association between the exposure and outcome of interest.

The search was confined to peer-reviewed English publications, with no publication date

limit. Studies only concerned with attention deficit hyperactivity disorder (ADHD), non-com-

mon mental health disorders (e.g., schizophrenia, bipolar, or personality disorders) or suicide

were excluded. Studies focussing on Internet addiction or other compulsive and problematic

technology use were also excluded. Qualitative studies and review papers were excluded.

2.4 Data extraction and synthesis

Scoping reviews aim to present an overview of all evidence reviewed. As such, according to

Arksey and O’Malley [58], decisions about how to present such a large body of literature need

to be made judiciously. Consistent with the intention of the scoping review process, which

compels researchers to prioritise certain aspects of the literature as key issues and themes sur-

face [58], a progressively focussed approach was taken in presenting the results.

Data was independently extracted and cross-checked from the included studies by two

authors (T.K.O and S.G.E.K) using a form designed and tested by the study authors. In line

with Aim 1, descriptive characteristics for all included studies were first charted. We examined
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the number of publications by research topic and year, the distribution of study samples geo-

graphically, the study settings, sample sizes, and the study designs utilised in the included stud-

ies. Next, key words were extracted from all included studies to create word clouds illustrating

how ST and GT are conceptualised and measured in the literature. Larger text in the word

clouds illustrates words used more frequently. Psychological outcomes investigated in the

included studies were categorised as either indicators of poor mental health, indicators of posi-

tive mental health, cognitive functioning, or academic achievement, as outlined in Table 1.

The key summary statistic (e.g., mean or median and measure of dispersion) for participant

age was extracted from each study so it could be assigned to one of four age categories: (a)

young children (aged <5 years), (b) schoolchildren (aged 5–11 years), (c) early adolescents

(aged 12–14 years), and (d) older adolescents (aged 15–18 years). Cohorts with large age

ranges and no details that identified a dominant age group were allocated to a mixed age

groups category. The study results were reported by age group to explore potentially different

impacts of ST and GT on children and adolescents of specific ages.

To provide an overview of the existing evidence, while respecting the heterogeneity of con-

structs and measurements, associations between ST, GT, and psychological outcomes reported in

the included studies were presented in tables as either unfavourable associations, favourable asso-

ciations, or not statistically significant. Unfavourable associations were bolded in tables and were

representative of increases in the exposure leading to increased poor mental health or decreased

positive mental health, cognitive functioning, or academic achievement. Favourable associations

were bolded and underscored in tables and were representative of increases in the exposure lead-

ing to decreased poor mental health or increased positive mental health, cognitive functioning, or

academic achievement. Studies reporting no statistically significant association between exposure

and outcome were not bolded in tables. If results were non-linear they were presented narratively

in the body of text. Conventional statistical significance was applied, classifying associations with a

p-value�0.05 as not significant. Study reference numbers and study designs are indicated in the

tables (e.g., 114CS = reference number 114 which was a cross-sectional study).

In addressing Aim 2, which involved exploring the basis for inference about causal links,

certain elements of study designs were considered and are discussed. While a formal risk of

bias assessment was not performed (not required in scoping reviews [58]), a preliminary

assessment of each study’s ability to permit examination of causal linkages, based on two key

design features, was conducted. These features included (1) the consideration of baseline psy-

chological profiles in longitudinal studies and (2) the use of comparable groups in experimen-

tal or intervention studies. This aided in identifying studies which could address Aim 2.

Furthermore, additional variables featured in reported analyses were also extracted from the

included studies and discussed. This included, but was not limited to, confounding or mediat-

ing demographic and lifestyle variables such as age, sex, physical activity, sleep, and in-person

social interactions. Given our focus on socioeconomic status (SES) in Aim 3, indicators of SES

were also extracted from each study where available. Studies in which differential associations

by SES were investigated and reported were described in text.

In line with Aim 4, a sub-set of studies, which measured both ST and GT were examined to

explore the extent to which the psychological effects of ST and GT had been delineated in the

existing literature. These studies were relatively rare so each was described briefly in the text as

well.

3 Results

The literature search identified 8,369 studies; 8,179 studies were removed because they were

either duplicates (n = 2,544) or did not meet the inclusion criteria based on information in the
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title (n = 4,709) or abstract (n = 926). The full text of 190 studies was assessed for eligibility, of

which 114 met the inclusion criteria. Screening the reference lists of the included 114 studies

resulted in the identification of a further 60 eligible studies. These studies were not captured in

the original search because they did not use key words or index terms related to either (a) psy-

chological outcomes (e.g., study primarily focussed on obesity or body mass index (BMI),

physical activity, or sleep), (b) childhood or adolescence (e.g., samples included individuals of

all ages), or (c) ST (e.g., where ST was simply a secondary variable in a larger study, or was clas-

sified as ‘sedentary behaviour’, which may be different from ST). Twelve additional studies

were sourced through manually searching the literature. Consequently, a total of 186 studies

were included in the review (see Fig 1).

3.1 Description of ST and GT literature

The studies included in the systematic scoping review are displayed in aggregate in Table 2, as

counts and percentages, under several descriptive categories. Descriptive characteristics of

individual studies can be found in S3 File.

3.1.1 Research by year and topic. Fig 2 displays the included studies by research topic

and publication year (n = 186). The number of studies assessing ST, GT, or both has increased

substantially over time. Overall, we identified almost double the number of studies assessing

ST (n = 114; 61%) than GT (n = 58; 31%), with only 14 studies (7.5%) assessing both exposures;

of these, most were published in the last five years.

3.1.2 Geographic distribution of study samples. Children and adolescents in high-

income countries such as the United States (n = 58), the United Kingdom (n = 37), Australia

and New Zealand (n = 25), Canada (n = 17), and across Europe (n = 61) were most commonly

represented in the literature (Table 2).

3.1.3 Study setting and sample sizes. Sample sizes ranged from 11 to 388,275 partici-

pants, with a median of 969. Of the included studies, three (<2%) involved multiple countries,

40 (21%) comprised nationally representative samples, seven (4%) were representative of a

state or similar jurisdiction within a country, and the remainder either represented a smaller

area such as a region or city, or utilised participants in selected schools, organisations, or with

particular characteristics (e.g., obese youth).

3.1.4 Study designs. Cross-sectional studies were by far the most common study design,

accounting for 74% of ST studies (n = 85), 42% of GT studies (n = 24), and 57% of the studies

that examined both ST and GT (n = 8). Longitudinal studies were relatively more common in

the ST literature (n = 26; 23%), while the GT study designs were considerably more variable,

due to utilisation of a variety of pretest-posttest (mostly without a control group) and quasi-

experimental designs (Table 2).

3.1.5 Age groups. Early adolescents were most commonly studied (n = 51 studies; 27%),

followed by schoolchildren (n = 44 studies; 24%), older adolescents (n = 20 studies; 11%), and

young children (n = 14 studies; 7%).

3.1.6 Psychological outcomes measured. Over half of the included studies investigated

indicators of poor mental health (n = 100; 54%), followed by indicators of positive mental

health which were assessed in 45% of studies (n = 84). Indicators of both poor and positive

mental health were explored in 25% of studies (n = 46). Fewer studies concerned outcomes

related to academic achievement (n = 40; 21.5%) or cognitive functioning (n = 34; 18%). Three

studies (<2%) also examined other variables measuring nature connectedness or relatedness,

which did not fall into the four categories.

3.1.7 Conceptualisation and measurement of ST and GT in the literature. Fig 3 illus-

trates the language used to conceptualise and measure ST (coloured in blue) and GT (coloured
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in green) in the included studies. As shown by the larger text, ‘traditional’ screen-based activi-

ties such as television watching, videogaming, and computer use are highly represented in the

literature. The terminology used for ST is varied, with regular reference to ‘screen time’, ‘sed-

entary behaviour’, and ‘media use’. Parks, greenspace, and outdoor play were commonly

Fig 1. Study search and selection.

https://doi.org/10.1371/journal.pone.0237725.g001

PLOS ONE Screen time, green time, and youth psychological outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0237725 September 4, 2020 8 / 52

https://doi.org/10.1371/journal.pone.0237725.g001
https://doi.org/10.1371/journal.pone.0237725


Table 2. Collective characteristics of included studies.

Screen Time (n = 114) n (%) Green Time (n = 58) n (%) Both (n = 14) n (%) All Studies (N = 186) N (%)

Sample locationa

Asia 8 (7) 1 (2) 0 (0) 9 (5)

Australia & New Zealand 14 (12) 9 (15.5) 2 (14) 25 (13)

Canada 12 (10.5) 4 (7) 1 (7) 17 (9)

Europe 37 (32.5) 20 (34.5) 4 (29) 61 (33)

Middle East 3 (3) 0 (0) 0 (0) 3 (2)

South America 3 (3) 0 (0) 0 (0) 3 (2)

United Kingdom 24 (21) 9 (15.5) 4 (29) 37 (20)

United States 40 (35) 15 (26) 3 (21) 58 (31)

Study setting

International 3 (3) 0 (0) 0 (0) 3 (2)

National 31 (27) 6 (10) 3 (21) 40 (21)

State 6 (5) 1 (2) 0 (0) 7 (4)

Region or city 51 (45) 17 (29) 5 (36) 73 (39)

Other (school/community/services) 23 (20) 34 (59) 6 (43) 63 (34)

Sample sizeb

Minimum 40 11 76 11

Median 1,596 214 959 969

Maximum 388,275 230,929 20,122 388,275

Study designc

Cross-sectional 84 (74) 22 (38) 8 (57) 116 (62)

Cross-sectional (with comparison) 0 (0) 2 (3.5) 0 (0) 2 (1)

Longitudinal 26 (23) 7 (12) 5 (36) 36 (19)

Longitudinal (with comparison) 0 (0) 2 (3.5) 0 (0) 2 (1)

Pre-post design 0 (0) 8 (14) 1 (7) 1 (<1)

Pre-post design (with comparison) 0 (0) 2 (3.5) 0 (0) 1 (<1)

Prospective cohort study 6 (5) 1 (2) 0 (0) 7 (4)

Quasi-experiment 0 (0) 8 (14) 0 (0) 8 (4)

RCT/Experiment 0 (0) 4 (7) 1 (7) 5 (3)

Retrospective cohort study 1 (<1) 0 (0) 0 (0) 1 (<1)

Other 4 (3.5) 2 (3.5) 0 (0) 6 (3)

Age groupsd

Young children (<5 years) 8 (7) 5 (9) 1 (7) 14 (7)

Schoolchildren (5–11 years) 18 (16) 22 (38) 4 (29) 44 (24)

Early adolescents (12–14 years) 39 (34) 11 (19) 1 (7) 51 (27)

Older adolescents (15–18 years) 13 (11) 4 (7) 3 (21) 20 (11)

Mixed age groups 36 (32) 17 (29) 5 (36) 58 (31)

Psychological outcomese

Indicators of poor mental health 61 (53.5) 32 (55) 7 (50) 100 (54)

Indicators of positive mental health 47 (41) 29 (50) 8 (57) 84 (45)

Cognitive functioning 18 (16) 12 (21) 4 (29) 34 (18)

Academic achievement 26 (23) 13 (22) 1 (7) 40 (21.5)

Numbers exceed totals, and percentages exceed 100%, in some places because
asome studies involved multiple countries
b6 GT studies used whole school samples and did not report on final sample number, 1 ST study used whole families in their sample and did not report on final sample

number
c8 studies involved both cross-sectional and longitudinal analyses
d1 GT study stratified results by young children and schoolchildren, and is therefore counted twice
e66 studies measured more than one type of psychological outcome.

https://doi.org/10.1371/journal.pone.0237725.t002

PLOS ONE Screen time, green time, and youth psychological outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0237725 September 4, 2020 9 / 52

https://doi.org/10.1371/journal.pone.0237725.t002
https://doi.org/10.1371/journal.pone.0237725


assessed in the GT literature, along with the use of the Normalised Difference Vegetation

Index (NDVI) which measures greenness of an area via satellite images [60]. Environmental

variables were often measured in and around neighbourhoods, schools, or homes.

3.2 The current evidence–associations between ST, GT, and psychological

outcomes

An overview of the associations between ST or GT and psychological outcomes in the included

studies is presented below. Section 3.2 investigates the overall consistency of findings by age

group. This section does not distinguish between study designs, although that information can

be found in the tables. Detailed consideration of studies with a longitudinal, experimental, or

intervention component, where these permitted examination of causal linkages (e.g., had com-

parable groups, included baseline psychological profiles, and considered competing explana-

tions or confounding variables), are presented in section 3.3.

3.2.1 Young children (<5 years). Table 3 presents the results for studies looking at associ-

ations between ST (8 studies) or GT (5 studies) and psychological outcomes in young children

[61–73]. Studies of young children comprised a total of 30,476 participants in ST studies (plus

483 families with unspecified numbers), 2,836 participants in GT studies, and 575 participants

in studies exploring both ST and GT together.

In this age group, ST exposures were most commonly explored in relation to cognitive

functioning and, overall, appeared to show deleterious associations with cognitive develop-

ment [69, 71], effortful control [68], language [63, 67, 69, 71] and communication [63] abilities.

Unfavourable associations between ST and behaviour problems [65], total difficulties [72],

self-regulation [70], and prosocial behaviour [72], were also demonstrated across a range of

cross-sectional and longitudinal studies. Only two studies in this age group did not report a

Fig 2. Included studies by research topic and year of publication.

https://doi.org/10.1371/journal.pone.0237725.g002
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statistically significant association between a ST exposure and a psychological outcome

[65, 67].

The GT research was less consistent, with some studies reporting no statistically significant

association between GT exposures and psychological outcomes [62, 64, 66, 73] alongside

favourable associations [61, 62, 66, 73]. In one study, incidental GT, such as distance to green-

spaces, was not associated with young children’s mental health [66]. However, in this and

other studies, green educational contexts [61, 62], satisfaction with greenspaces [66], and resi-

dential greenness [66] were favourably associated with a range of psychological outcomes. This

included reduced depressed affect, internalising problems, peer problems, and total difficulties,

as well as superior prosocial behaviour, cognitive, language, emotional, and social develop-

ment. Further, one study reported that certain sub-groups, such as young children from ethnic

minorities (South Asian British children), benefited from these GT exposures to a greater

degree than White British children [66]. Lastly, an experimental study showed that compared

Fig 3. Word cloud of the language used to conceptualise and measure ST and GT in the included studies (ST = 114 studies; GT = 58 studies; Both = 14

studies).

https://doi.org/10.1371/journal.pone.0237725.g003
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to walking in an urban area, going for a walk in nature led to higher spatial working memory

for young children [73].

3.2.2 Schoolchildren (5–11 years). Table 4 presents the results for studies looking at asso-

ciations between ST (18 studies) or GT (22 studies) and psychological outcomes in schoolchil-

dren [28, 73–111]. Studies of schoolchildren comprised a total of 58,861 participants in ST

studies, 252,826 participants in GT studies (plus 1,940 schools with unspecified student num-

bers), and 15,356 participants in studies exploring both ST and GT together.

Overall, study results were inconsistent, with 11 ST studies [79, 80, 83, 88, 91, 99, 100, 102,

103, 105, 106] and 15 GT studies [73–76, 78, 82, 85, 89, 92, 94–96, 104, 107, 108] reporting no

statistically significant association between at least one exposure and psychological outcome

variable measured. However, where statistically significant associations were reported, ST

exposures were generally associated with unfavourable psychological outcomes (n = 16 stud-

ies), while GT exposures were typically associated with favourable psychological outcomes

(n = 18 studies).

The majority of studies explored the impacts of total ST and it was not clear whether a par-

ticular type of screen activity was most influential for schoolchildren in the available literature.

ST was most commonly associated with unfavourable outcomes on measures of poor mental

health, such as depression/depressive symptoms [83, 93, 100], conduct problems [80, 88, 99,

102], emotional problems [80, 88, 99], negative affect [100], total difficulties [90, 101], and

being short-tempered, experiencing sleeplessness, and voicing somatic complaints [100]. In

some studies, stratifying ST by weekend and weekday use, child- and parent-report, or by gen-

der, revealed differential psychological associations. In general, weekend [83] and self-reported

ST [79] were associated with a wider range of adverse psychological outcomes, however this

varied significantly by gender. ST was also associated with various measures of cognitive func-

tioning, including poorer attention [87, 105, 106], and executive functioning, language, mem-

ory, learning and visuospatial processing [105] for schoolchildren. Further, higher ST was

associated with reduced happiness [84] and poorer academic outcomes [79, 86, 98] in some

studies.

A wide range of GT exposures were considered for schoolchildren. Education outside the

classroom and forest schools (n = 4 studies) were reported as largely beneficial, being associ-

ated with reduced anger [104], healthier cortisol profiles (indicative of reduced stress) [28],

increased energy [104], happiness [104], and prosocial behaviour [78], along with improved

overall mental health for boys [89]. In one study, schoolchildren who perceived their school-

yard as more restorative experienced greater positive affect following recess time [75]. A

schoolyard greening intervention resulted in increased attention restoration [108], while an

experiment demonstrated that a brief walk in nature was associated with increased attention

[73].

In some studies, higher surrounding greenness in a child’s environment, as measured by

the NDVI, was associated with better mental health (lower emotional problems, hyperactivity/

inattention problems, and total difficulties [74]), greater cognitive functioning (improved

attention [74, 82], superior working memory [82], and working memory [82]), and better lan-

guage/arts and math performance at school [110]. However, these associations differed by resi-

dential and school surrounding greenness. Furthermore, one study highlighted that greener

environments appeared to benefit children academically in urban schools but not rural schools

[107]. One study found that higher greenness was associated with poorer school performance

[77]; however, this was proposed to be reflective of greenspace being associated with lower SES

communities in New Zealand.

Residential proximity to major greenspaces was not associated with any psychological out-

comes in one cross-sectional study [74], whereas having access to a private garden and park
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use were associated with lower conduct, hyperactivity/inattention, and peer problems, in a lon-

gitudinal study [85]. In the same cross-sectional study [74], greenspace playing time was asso-

ciated with lower emotional problems, peer problems, and total difficulties.

3.2.3 Early adolescents (12–14 years). Table 5 presents the results for studies looking at

associations between ST (39 studies) or GT (11 studies) and psychological outcomes in early

adolescents [112–161]. Studies of early adolescents comprised a total of 97,820 participants in

ST studies, 4,100 participants in GT studies, and 20,122 participants in studies exploring both

ST and GT together.

Twenty-four ST studies [113, 114, 117, 119, 121, 122, 126–128, 130, 136–138, 140, 142–144,

148–150, 153, 155, 157, 159] and 10 GT studies [123, 125, 131–133, 139, 145, 147, 160, 161]

reported at least one association with a psychological outcome that was not statistically signifi-

cant. However, where statistically significant associations were reported, ST exposures were

generally associated with unfavourable psychological outcomes (n = 32 studies), while GT

exposures were typically associated with favourable psychological outcomes (n = 8 studies).

TV watching time was largely unrelated to all psychological outcomes in this age group.

Studies measuring total ST were most common and generally reported unfavourable associa-

tions with a range of psychological outcomes. Total ST was associated with indicators of poor

mental health such as higher anxiety symptoms [118, 142], depression/depressive symptoms

[116, 118, 134, 142], depressed affect (in girls) [157], externalising problems [152], internalis-

ing problems [152], health complaints [135], and overall mental health problems [152].

Total ST was also associated with reduced positive mental health such as lower health status

[135], health-related quality of life [141, 146], quality of life [135], psychological well-being

[113], school functioning [128], school life satisfaction [118], and lower emotional functioning

[128] and self-esteem [148] (particularly for girls [128, 157]). Two studies reported an impor-

tant distinction between screen sedentary behaviour and non-screen sedentary behaviour (e.g.,

reading), whereby screen sedentary behaviour was associated with lower self-esteem, but non-

screen sedentary behaviour was not [148, 157]. Furthermore, a study which compared ‘clus-

ters’ of different types of technology users [156] found that early adolescents who were labelled

as ‘instrumental computer users’ (characterised as high email and general computer users) had

more favourable self-efficacy and mood scores when compared to ‘multi-modal e-gamers’ and

‘computer e-gamers’, although some gender differences were present.

Overall, higher total ST was associated with lower academic achievement [112, 121, 129,

154], GPA [158], language achievement [149], and math achievement [149]. While associa-

tions between ST and measures of cognitive functioning were less clear, playing video games

was associated with better visual-spatial abilities in two studies, cross-sectionally [137] and lon-

gitudinally [138], for early adolescents. In other studies, computer use was associated with

poorer attention measures cross-sectionally [159], while media multitasking was associated

with poorer attention longitudinally [115]. In the same longitudinal study, no reversed effects

from attention problems, on media multitasking over time, were found [115]. In a cross-sec-

tional study, media multitasking was not associated with inhibition, attention shifting, or

working memory when measured by objective cognitive tests; however, when early adolescents

reported their daily difficulties in these subcomponents of executive function, it was found

that media multitasking was unfavourably associated with these self-reports [114].

Inconsistent findings for the GT exposures were found in this age group. Outdoor educa-

tion programs and hiking camps were associated with increased satisfaction with life [147],

mindfulness [147], and self-esteem [145]. A schoolyard greening intervention was associated

with decreased physiological stress and increased well-being [139], whereas introducing plants

into classrooms did not alter early adolescents’ anxiety, well-being, or academic achievement

in another study [132]. Outdoor learning was associated with greater improvement of math
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skills in a quasi-experiment [123], but these results should be interpreted with caution due to

significant baseline differences between groups.

A higher percentage of parkland in neighbourhoods was associated with lower perceived

stress for early adolescents in a cross-sectional geographic study [124], but in an RCT, viewing

scenes of natural environments on a screen was not associated with changes in mood or self-

esteem [161]. Findings pertaining to early adolescents’ greenspace exposure and psychological

outcomes were inconsistent, with results varying according to greenspace quality and quantity,

and whether psychological variables were self-, parent- or teacher-reported [125, 131, 160].

Overall, few studies looking at the effects of GT on cognitive functioning and academic

achievement were identified for this age group.

3.2.4 Older adolescents (15–18 years). Table 6 presents the results for studies looking at

associations between ST (13 studies) or GT (4 studies) and psychological outcomes in older

adolescents [22, 42, 162–176]. Studies of older adolescents comprised a total of 155,418 partici-

pants in the ST studies, 1,053 participants in the GT studies, and 2,065 participants in studies

exploring both ST and GT together.

Ten ST studies [162–166, 168–171, 176] and two GT studies [173, 175] reported no statisti-

cally significant association between at least one exposure and psychological outcome mea-

sured. Where statistically significant associations were reported, they were typically

unfavourable for ST (n = 13 studies) and favourable for GT (n = 3 studies).

ST was mostly examined in relation to indicators of poor mental health for older adoles-

cents. The results of studies demonstrating an association between ST exposures and psycho-

logical outcomes primarily suggest that high levels of ST are associated with poorer mental

health across a range of exposures and outcomes. In particular, high ST was mostly associated

with higher levels of depression/depressive symptoms [162, 164, 165, 168–170, 174] and anxi-

ety/anxiety symptoms [165, 170, 176] for older adolescents. One study found a non-linear, U-

shaped association between ST and mental health, whereby TV watching, gaming, using com-

puters, and using smart phones above inflection points was associated with poorer mental

health, but engaging with ST activities within moderate ranges appeared to be linked to mental

well-being [22]. The only exception in the same study was weekend smartphone use, which

was associated with poorer mental well-being at all usage levels [22].

Overall, the results for indicators of positive mental health were less clear; however, it

appears as though certain activities, such as TV watching [163, 166, 171], were less important

than others. For example, studies reported that high levels of video game playing were associ-

ated with lower emotional functioning [163], health-related quality of life [163, 171], psychoso-

cial scores [163], and quality of life [171]. It was also associated with poorer school functioning

for boys who videogamed more during school terms [166]. Contrastingly, one study suggested

that more TV watching was associated with better health-related quality of life [171]. Studies

seldom considered the impact of ST on cognitive functioning in this age group, with only one

study suggesting an unfavourable association between gaming and attention for older adoles-

cents [170]. Of the three studies examining academic achievement, most ST exposures, includ-

ing social media use, were associated with poorer achievement [167, 174, 176].

Outdoor programs, camp experiences, and wilderness expeditions were investigated in this

age group. While largely unrelated to most psychological outcomes, these GT experiences

were found to increase self-efficacy [173] and positive identity [172], and decrease long-term

total difficulties [175] and anxiety [173]. Another study [42] summarised 126 approaches to

modelling pathways linking greenspace variables to mental health outcomes for adolescents,

through a combination of single mediation, parallel mediation, and serial mediation analyses,

highlighting the complexity of the relationship between the natural environment and mental

health.
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3.2.5 Studies of mixed age groups. As previously mentioned, each study was allocated to

an age group category; however, some studies included wide age ranges of participants, with

no indication of a dominant age group. They were consequently classed as studies of mixed

age groups [177–229]. Thirty-six studies with mixed age groups investigated ST as an expo-

sure, while 17 such studies looked at GT as an exposure. Studies of mixed age groups com-

prised a total of 883,732 participants in ST studies, 68,783 participants in GT studies (plus 320

schools with unspecified student numbers), and 7,468 participants in studies exploring both

ST and GT.

Individual characteristics of these mixed age groups studies can be found in S3 File. Results

for these mixed age groups studies are presented in S4 File. Overall, few of these studies contra-

dicted previously presented associations between ST, GT, and psychological outcomes. Results

of mixed age group studies with a longitudinal, experimental, or intervention component are

considered in more detail in sections 3.3.1 and 3.3.2 as they permit examination of causal

linkages.

3.3 Exploring the basis for causal links

In exploring whether associations between ST, GT, and psychological outcomes are likely to

be causal (Aim 2), elements of study designs and key variables used in analyses were consid-

ered (as outlined in section 2.4). Whether or not associations between ST, GT, and psychologi-

cal outcomes are causal is an important question, for example, to justify investment in GT to

promote psychological well-being. The key consideration is not the direction of causation, but

whether there is evidence of causation. Psychological well-being may be affected by both ST

and GT, and in turn psychological well-being may affect an individuals’ engagement with ST

and GT to some degree. While bidirectionality offers opportunities for health promotion by

intervening in the feedback loop, if the associations are artefacts produced by bias or con-

founding this would not be a worthwhile line to pursue for health promotion.

Although experiments and randomized controlled trials are upheld as the gold standard for

demonstrating causation in psychology, they are not always feasible or ethical when investigat-

ing environmental exposures. As such, there has been renewed discussion in environmental

epidemiology about how to make causal inferences from observational studies (e.g., [230–

232]). There are previous examples of serious threats to health and the environment for which

prudent action was delayed when, in hindsight, there were early warnings in observational

data (e.g., the legacy of health (respiratory illness) and environmental (forest degradation)

costs associated with sulphur contamination through ‘acid rain’[233]). This reflects a need to

make best use of imperfect data when assessing relationships between the environment and

human health.

Determining causation does not necessarily depend on a single method, but can involve

integrating evidence from a range of methods and data sources; this has been framed as ‘trian-

gulation of evidence’ [232]. If the majority of evidence points to the same conclusion, there is a

strong likelihood that a relationship is casual. In this realm, it is valuable to pay attention to

studies in which sources of bias are distinctive and potentially influence the outcome in atypi-

cal directions. With this in mind, despite making synthesis of evidence challenging, heteroge-

neity in the ways ST and GT were conceptualised and measured is a useful aspect of the

literature. Likewise, the myriad of different contexts in which associations were examined is a

strength, and provides some grounds for accepting that the associations are not artefacts,

despite formal consideration of bias and confounding being erratic in this literature. Together,

the abundance of findings and their relative consistency in terms of mostly favourable associa-

tions between GT and psychological outcomes and mostly unfavourable associations between
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ST and psychological outcomes, suggest that the associations are (a) not chance findings, (b)

not attributable to publication bias (even though a degree of that may have occurred), and (c)

possibly causal.

Family disadvantage remains the most important source of confounding and is likely to

apply in almost all settings. Our planned focus on exploring differential impacts by SES within

studies (Aim 3, section 3.4) represents both an assessment of confounding (addressed by strati-

fication) and a question with social justice implications. However, before scrutinizing this

aspect of the literature, we will provide an account of the studies that have a longitudinal,

experimental, or intervention component, and consider how these support or oppose the case

for causation. Cohort studies have the ability to demonstrate that an exposure is associated

with an outcome that covaries over time. If the outcome variable is measured at baseline, then

the change in outcome for different levels of exposure can be assessed, and a ‘dose-response’

effect can provide support for causation after addressing sources of bias and confounding. In

theory, confounding is eliminated in intervention studies and experiments through random

allocation of participants to groups. In practice, systematic differences may still be present,

especially in relatively small studies, so it is important to examine whether groups were similar

at baseline.

3.3.1 ST studies. Nineteen longitudinal ST studies included in this systematic scoping

review provided an indication of baseline psychological profiles and accounted for these

appropriately in analyses (e.g., psychological profiles had been factored in, through using

change from baseline or equivalent approaches). These studies permit examination of causal

linkages between ST and psychological outcomes. A brief description of each study is provided

below.

Two of these longitudinal ST studies considered associations with indicators of positive

mental health. One demonstrated that ST was not associated with life satisfaction over a

6-month period for 10–17-year-olds, after controlling for baseline life satisfaction [127]. The

other reported that computer use and recreational ST were associated with decreases in psy-

chological well-being across 7th grade [113]. One time-lag study assessed associations between

ST and psychological well-being (as measured by self-esteem, life satisfaction, and happiness)

for 8th, 10th, and 12th grade students between 1991 and 2016 [197]. Using Granger causality

analyses (which allows for assessment of whether the ST exposure changed before psychologi-

cal well-being, or the converse), the study reported that increases in social media use, Internet

use, texting, and gaming led to lower levels of adolescent psychological well-being over time

[197].

Six longitudinal ST studies considering cognitive functioning had mixed findings. Three

studies with follow up after one year reported that ST was associated with increased attention

problems. These studies included 6–12-year-olds [106], 9–10-year-olds [87], and early adoles-

cents [115]. One study using data for children from age 3–11 years reported no statistically sig-

nificant association between ST and general cognitive functioning over time [201]. Two other

studies reported varying results, both unfavourable and favourable, across different screen

activities, genders, ethnicities, and specific cognitive tasks [224, 225]. Specifically, one study

suggested that between the ages of 6–12 years, girls benefited cognitively from computer use

more than boys, and Black children benefited more than White children [224]. Contrastingly,

increased video game playing was associated with an improved ability to solve applied prob-

lems for Black girls over time, but was associated with reduced verbal task achievement for

girls of all included ethnicities [224]. Over a 5-year follow up period, greater online communi-

cations and Internet use were detrimental to vocabulary and reading abilities for 10–18-year-

olds in another study [225]. Contrastingly, computer gaming was associated with increased

reading and problem-solving scores, particularly for girls and minority children [225].
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Furthermore, greater computer use for studying was associated with increased test scores for

girls but not boys in the same study [225].

Results were also inconsistent across seven longitudinal ST studies assessing indicators of

poor mental health. When looking at outcomes assessed by the Strengths and Difficulties

Questionnaire (SDQ), higher weekday computer use at approximately 4 years of age was asso-

ciated with an increased risk of emotional problems in girls at age 6, while other screen activi-

ties were not associated with SDQ scores over time [205]. In a study of 14-year-olds, only TV

viewing was associated with increased psychological difficulties (total SDQ scores) over a

school year [113]. Two additional studies, assessing 5–7-year-olds [102] and 10–18-year-olds

[192], reported differences in the longitudinal effects of various screen activities on SDQ

scores. The study of 5–7-year-olds reported that higher TV watching time was associated with

increases in conduct problems, but electronic game use was not associated with any SDQ

scores over time [102]. On the other hand, the study of 10–18-year-olds found that higher

computer and Internet use was associated with increased emotional problems, peer relation-

ship problems, and total difficulties over time [192]. These studies suggest that different screen

activities may affect different aspects of psychological functioning for children and adolescents

of different life stages.

When considering measures of common psychological disorders, one study reported that

initial ST at 13 years of age did not predict changes in depression or anxiety symptoms, and

vice versa, up to approximately 20 years of age [182]. In a study of 12–16-year-olds, baseline

videogaming and computer use were not associated with increased depression scores at 1-year

follow up, but higher mobile phone use and television viewing were [178].

Mixed results were also reported in the five longitudinal ST studies which investigated aca-

demic achievement. One prospective study reported that for 10–14-year-olds, higher ST was

associated with deteriorating school performance over 2 years [154]. Math achievement was

reported to be negatively affected by TV [181, 204], communication-based ST [184], PC/Inter-

net use [149] and total ST [149] across 4 studies. Measures of math achievement were not asso-

ciated with Internet use [184, 204], video/computer game use [149, 181, 184], mobile phone

use [149], texting, emailing, or instant messaging [184], TV/video time [149], or total ST [184]

in the same studies. Contrastingly, Internet use [204] and watching/streaming TV shows or

movies [184] were reported to be associated with greater math achievement in two studies.

These studies mostly concerned adolescents [149, 181, 184], with one study following children

from 4–8 years of age [204]. Follow up periods ranged from 3 [181, 184] to 6 [149] years.

Concerning reading and language subjects, watching/streaming TV shows or movies and

surfing the Internet were reported to be associated with poorer achievement for high school

students over 3 years [184]. Other ST activities such as video/computer games and communi-

cation-based ST [184], and Internet and TV time [204], were not associated with reading or

language achievement for primary [204] or high school [184] students over time.

In examining key variables used in ST analyses, a number of studies reported that poor

sleep [68, 72, 87, 169], reduced physical activity [90, 118, 174, 203], and less in-person social

interactions [67, 72, 197] were potential mediators between ST and a range of psychological

outcomes. Furthermore, a number of studies reported that associations were found to differ by

child sex [80, 88, 99, 106, 115, 117, 119, 128, 130, 134, 141, 143, 155–157, 164, 170, 174, 177,

183, 190, 196, 205, 214, 220, 224, 225] and age [85, 93, 115, 186, 215, 223]. As summarised in

Fig 4, age and sex potentially confound associations as they independently affect both ST and

psychological well-being, while the lifestyle variables are thought to be pathways through

which elevated ST operates to impact on psychological well-being. Despite this evidence, these

demographic (age, sex) and lifestyle variables were generally controlled (adjusted) for in analy-

ses and examination of mediation or effect modification was limited. If simply controlled for,
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results will only reflect one pathway between ST and psychological well-being (as shown by the

dashed line in Fig 4). This means that potential mechanisms and effect sizes of relationships

could be concealed or diminished across the literature.

3.3.2 GT studies. There were ten GT studies which permitted the examination of causal

linkages (according to the criteria outlined in section 2.4) between GT and psychological out-

comes in this systematic scoping review. Five were longitudinal GT studies which provided an

indication of, and took into account, baseline psychological profiles. The other five studies had

an experimental or intervention component, as well as equivalent comparison groups. A brief

description of each study is provided below.

Two longitudinal studies examined psychological effects of nature in educational contexts.

A prospective longitudinal study of 11-year-olds, including a comparison group with similar

baseline profiles, reported that outdoor learning in a forest setting was associated with a

steeper daily decrease in cortisol levels (e.g., superior profiles indicative of reduced stress)

across the school year, when compared to traditional indoor classes [28]. A 4-year longitudinal

study of young children found that attending a nature-based day-care centre (as compared to

a conventional day-care centre) at age 3 years was associated with lower inattention/

Fig 4. Pathways between ST and psychological outcomes (potential confounding and mediation by demographic and lifestyle variables).

https://doi.org/10.1371/journal.pone.0237725.g004
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hyperactivity problems at ages 4 and 6 years [208]. Children exposed to high levels of outdoor

time in day-care (as reported by day-care managers) also showed fewer inattention/hyperactiv-

ity problems at ages 4, 5, 6 and 7 years [208]. These children with higher levels of outdoor play

showed significant declines in inattention/hyperactivity symptoms from age 3–5 years, retain-

ing low levels at age 6 years, but increasing again as they entered school at 7 years of age. In the

same study, children with low and high levels of outdoor hours in day-care did not differ in

performance on the digit span task at age 3 years; however, the latter group showed consis-

tently higher performance from age 4–7 years [208].

Three additional longitudinal studies, with a focus on incidental GT, contributed to the

case for causal relationships through sound design and analysis. In a prospective cohort study,

higher surrounding greenness in childhood/adolescence was associated with lower incidence

of depressive symptoms later in life [209]. Stratified models suggested that this association was

slightly stronger for young people with onset of depression before 18 years of age [209]. In

another study, residential greenspace at age 4–5 years was associated with well-being at age

12–13 years [210]. Higher levels of well-being were associated with larger green space quanti-

ties; however, moderate quantities of greenspace, which were highest in quality, appeared to be

most beneficial. Higher greenspace quality in early years was associated with lower internalis-

ing problems, but not externalising problems or total difficulties, in early adolescence. Further-

more, age-effects suggest that well-being benefits from greenspace quality seemed to intensify

as children got older, while the well-being benefits gained from greenspace quantity seemed to

weaken at age 10 years. In a pre-move post-move longitudinal study of 7–12-year-olds, moving

to a new home environment with increased naturalness was associated with increased directed

attention capacity post-move [219]. The change in naturalness score from previous to new

home environments explained 19% of the variance in post-move attentional capacity, beyond

the variance explained by pre-move attentional capacity [219].

Besides studies with a longitudinal component, several studies with an experimental or

intervention component assessed the psychological effects of natural content in school envi-

ronments, such as indoor plants [132] and green classroom views [187]. In the study looking

at indoor plants, measures of academic achievement, anxiety, and well-being did not differ

between 13-year-olds in non-randomised control and intervention classrooms which received

indoor plants for a semester [132]. Contrastingly, in a randomised controlled experiment with

comparable groups at baseline, natural classroom window views were associated with

increased attention restoration and stress recovery for high school students [187].

Beyond the schoolyard, one study examined the psychological effects of walking in natural

versus urban settings for children [73]; control groups were not used in this study as partici-

pants completed both study conditions. Following the nature walk, young children experi-

enced increased spatial working memory and schoolchildren experienced increased attention,

when compared to the urban walk [73]. A final study reported almost no differences in mea-

sures of well-being between high school students who participated in week-long outdoor

adventure programs, and those who did not [175]. Despite being quasi-experimental, the

results were considered reliable as matched control groups were utilised [175].

While a wider range of study designs were utilised in the GT literature there were methodo-

logical shortcomings in some studies which limit causal inferences. A lack of control group in

pre-post studies [62, 75, 76, 133, 147, 172, 173, 222], significant baseline differences between

groups [78, 108, 123, 145], and procedural issues [78, 89, 221] were common across studies.

For example, the educational and well-being effects of education outside the classroom for

schoolchildren may have been underestimated in three studies as the control groups were

either ‘contaminated’ with education outside the classroom [78, 221], or the intervention

schools had a pre-established interest in, and use of, education outside the classroom [89].
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Furthermore, potential psychological effects of schoolyard greening interventions may have

been underestimated in two studies, as students in a greening intervention school had higher

baseline executive functioning than control school students in one study [139], while interven-

tion students in another study reported liking their schoolyard to a greater extent at baseline

than students in control schools [108]. Another study reported no difference in high school

students’ scores on measures of self-esteem and mood after viewing natural environmental

scenes and built environmental scenes on a screen [161]. Given the technologically-mediated

GT experience presented in this study, it was difficult to compare with other studies offering

full GT sensory experiences.

Studies frequently claimed that GT was associated with favourable psychological outcomes as a

result of increased physical activity; however, this claim was not formally investigated in most

instances. Only two studies demonstrated that the associations between various GT exposures

and psychological outcomes were mediated by physical activity [42, 74], while two other studies

reported that physical activity did not mediate associations between GT exposures and psycholog-

ical outcomes [28, 85]. Relatively few studies performed adjustment for physical activity when this

did not appear to be warranted. The association between superior cognitive functioning and

higher GT was mediated by reduced traffic-related air pollution in one study [82]. Similar to the

ST literature, associations between GT and psychological outcomes were found to differ by child

sex [73, 77, 89, 173, 227] and age [73, 210], but in many studies these variables were often adjusted

for rather than forming the basis for stratified analyses or investigation of interactions.

3.4 Exploring the extent to which associations hold across the spectrum of

socioeconomic status

We were especially interested in exploring the influence of socioeconomic status (SES) on the

associations between ST, GT, and psychological outcomes (Aim 3). On the one hand, as a

marker of access to material and community resources and social support, SES could con-

found associations between high ST, low GT, and psychological well-being. It is also possible

that these relationships may differ by SES, which could have important policy and social justice

implications. Thus, careful attention to the role of SES is required in the design of studies and

statistical analyses. An example of how confounding by SES could influence results was pro-

vided by a study which reported that being from a low SES background determined both

whether a child’s preschool was classified as high or low quality on outdoor play environment

categories and whether children had attention problems [95].

Overall, children and adolescents from low SES backgrounds were underrepresented in the

included studies (see S3 File for indicators of SES in each individual study). Where studies

reported on differences between participants and non-participants, participants were more

likely to come from higher SES backgrounds [99, 105, 117, 160, 207, 223]. Participants lost to

follow up, or excluded due to incomplete data, were commonly reported to be from low SES

backgrounds, ethnic minorities, or families with lower education, employment, and income

[65, 101, 102, 119, 121, 128, 130, 131, 140, 154, 155, 171, 192, 202, 228, 234–237]. In some cases

data were available to show that lost or excluded participants also had poorer psychological

outcomes, lower levels of physical activity, higher levels of ST, and lower levels of GT [101,

105, 115, 130, 154–156, 192, 226, 235, 238]. The feasibility of recruitment and follow up for

longitudinal studies often motivates use of middle-to-high SES samples, with high quality data

that is as complete as possible being sought [239]. This may be considered an advantage for the

purposes of this systematic scoping review in that it limits the extent to which findings are con-

founded by SES, given the relative similarity of psychological profiles among middle-to-high

SES youth. To explain, this is because the association between SES and psychological outcomes
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is not linear: there is a steep gradient between the lowest and next SES category in terms of psy-

chological problems, but a flatter gradient across subsequent SES increments [240, 241].

On the other hand, the underrepresentation of children and adolescents from low SES

backgrounds in this literature means that evidence to assess possible differential effects by SES

is lacking. There were four ST studies and five GT studies which performed internal compari-

sons of children and adolescents from different SES backgrounds; these are considered below.

Overall, in these four studies high levels of ST appeared to have a stronger link with poor

psychological outcomes for children and adolescents from low SES backgrounds. For example,

one study reported that the association between high ST and poor SDQ outcomes was stron-

gest for children in low income families [215]. Similarly, when primary analyses were stratified

by SES, unfavourable associations between media consumption and self-regulation were stron-

gest for toddlers from low SES families [70]. In another study, more television watching was

associated with poorer math test scores only for students in the second lowest SES quartile

[181]. Significant SES and racial differences in both ST and psychological outcomes were

reported in a U.S. study, which in some cases led to differential associations between ST and

psychological outcomes by SES [119].

Similar patterns emerged in the five GT studies which performed internal comparisons of

children and adolescents from different SES backgrounds, with associations between GT and

psychological outcomes appearing to be strongest for children and adolescents from low SES

backgrounds. One study found that high SES was protective against the development of emo-

tional problems for young children from age 3–5 years [85]. The same study reported that in

the absence of socioeconomic advantage, neighbourhood greenspace could protect against the

development of emotional problems [85]. Specifically, disadvantaged children with a higher

percentage of greenspace in their neighbourhood had fewer emotional problems from age 3–5

years, relative to disadvantaged children in less green neighbourhoods [85]. Another study

reported that living further away from a park was associated with worse mental health out-

comes for 5 to 6-year-old children whose mothers had a low education level, but not for chil-

dren whose mothers had a higher education level [203].

A study examining the psychological effects of an education outside the classroom program

found that children from lower SES backgrounds had greatest improvements in SDQ scores,

although this finding did not reach statistical significance which the authors attributed to a

lack of power [78]. Contrastingly, in another study, time spent in outdoor play was associated

with poorer school grades and higher conduct problems in 10–12-year-olds from low SES

backgrounds [242]. That study reported that outdoor play was typically reflective of unstruc-

tured play when they were “not really doing any activities, just hanging around” [242]. When

investigating associations between residential/school greenspace and academic performance,

one final study reported that stratification by household income did not reveal any effect mod-

ification [212]. The study authors commented that low income families were underrepresented

in their analytical samples, which may have led to underestimates of associations. Overall,

these studies suggest there is a possibility that high levels of ST and inadequate access to, or

time spent in nature, may disproportionately affect children and adolescents from low SES

backgrounds. These findings are based on a limited number of studies and should be inter-

preted within those constraints.

3.5 Delineation of reciprocal effects of ST and GT on psychological

outcomes

ST and GT appear to be associated with psychological outcomes in contrasting ways; ST is

mostly associated with unfavourable psychological outcomes, while GT is mostly associated

PLOS ONE Screen time, green time, and youth psychological outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0237725 September 4, 2020 31 / 52

https://doi.org/10.1371/journal.pone.0237725


with favourable psychological outcomes. The combination of high ST and low GT observed in

contemporary children and adolescents may be particularly harmful to their psychological

well-being [19, 37]. As such, it is important to consider the reciprocal effects of both ST and

GT on children and adolescents’ psychological outcomes (Aim 4).

Fourteen studies identified in this systematic scoping review measured both ST and GT

[234–238, 242–250]. It is important to note that these studies did not necessarily measure both

exposures with the intention of delineating the effects of high ST and low GT on psychological

outcomes in children and adolescents, and it was not always possible to determine the recipro-

cal effects of both exposures. For the most part, these studies were interested in either ST or

GT, with the alternate exposure being measured as a secondary variable.

Of the 14 studies, two provided some insight into associations between psychological out-

comes and ST, in the presence of GT, and vice versa. In one pre-post study [244], German ado-

lescents took part in a 10-day Outdoor Adventure Program, with no access to technology.

They also self-reported the average daily time they typically spent on various screen activities

in their leisure time. The study found that the psychological benefits gained from the outdoor

adventure program were moderated by adolescents’ reported level of typical daily screen time

(high (>3 hours/day) or low/moderate (�3 hours/day)). Participation in the outdoor adven-

ture program resulted in improved mental health across a range of measures for both low/

moderate and high ST users but effect sizes were larger for high ST users, suggesting they may

have reaped greater benefits from the outdoor adventure program. There was also a significant

time by group interaction for life satisfaction scores, with increases in life satisfaction post-out-

door adventure program being significantly higher for adolescents who regularly engaged in

high levels of ST. This illustrates potential psychological benefits of GT for high ST users in

particular [244].

A randomised experiment of adolescents from England also provided potential to delineate

the psychological impacts of ST and GT [243]. Participants completed a series of stressor tasks

before being randomly assigned to an outdoor or indoor environment, with a friend or alone

with a mobile phone. Following a period of rest in their assigned environment, participants

completed a series of cognitive and mood measures. Attention restoration and positive affect

was found to be greater for participants who rested in an outdoor environment, compared to

those who rested in an indoor environment. Furthermore, being with a friend was found to be

more beneficial than playing a game on a mobile phone. Self-reported attentiveness decreased

more rapidly when playing on a mobile phone compared to being with a friend, but this only

occurred for adolescents in the indoor environment. Being outdoors may buffer the psycho-

logical effects of playing on a mobile phone to some degree, but more research is needed to

support this [243].

Three additional studies measuring both ST and GT allowed their reciprocal effects to be

probed to some extent. One study demonstrated the psychological benefits offered by the out-

doors, above and beyond physical activity, for Canadian early adolescents [236]. Survey

respondents reported on their time spent (a) playing sedentary video games, (b) playing active

video games, and (c) in active outdoor play. Isotemporal substitution models were used to esti-

mate whether replacing time spent in sedentary videogames and active outdoor play, with

active videogames, would be associated with changes in emotional problems, prosocial behav-

iour, and life satisfaction. The study found that active videogames were associated with better

mental health than sedentary videogames, but active outdoor play was superior to active video-

games. This provides some limited evidence to suggest that the association between ST and

mental health goes beyond displacement of physical activity and that outdoor environments

may provide unique benefits to mental health. Another study demonstrated that TV viewing

was inversely associated with the compliant subscale of the Adaptive Social Behaviour
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Inventory, while outdoor play time was positively associated with the same measure (in the

same model) for children aged 2–5 years [247]. Similarly, another study showed that TV

watching on the weekend was inversely associated with health-related quality of life for chil-

dren aged 9–11 years, while a range of greenspace indices (such as percentage of landscape and

number of green patches within half-a-mile of children’s homes) were positively associated

with health-related quality of life (in the same model) [237].

The analysis plans of the remaining nine studies did not entail delineating the reciprocal

effects of ST and GT on psychological outcomes, and it was not possible to investigate this

based on the results presented within these studies. Studies either assessed the effects of the

exposures in separate models [235, 250], adjusted for either ST [234, 245, 249] or GT [238,

246] in analyses, or did not report relevant associations for determining reciprocal effects of

ST and GT on psychological outcomes [238, 242, 248]. This highlights the complexity of gain-

ing understanding of the reciprocal psychological effects of ST and GT. Studies reporting sta-

tistically significant associations typically found that independent associations between ST or

GT and psychological outcomes were consistent with earlier findings (sections 3.2.1 to 3.2.4).

4 Discussion

We set out to collate and critically discuss the available literature on associations between ST,

GT, and psychological outcomes in children and adolescents. The body of research has

expanded greatly in recent years, especially in relation to ST, with the majority of available evi-

dence coming from high-income countries. We identified 186 eligible studies for inclusion in

the systematic scoping review and discuss our key findings below.

4.1 ST and GT have contrasting relationships with psychological outcomes

Many cross-sectional studies reported associations between ST or GT exposures with some,

but not necessarily all, of the psychological outcomes assessed. There was no obvious pattern

to the null findings and there were relatively few opposing results. What was clear was that

higher ST tended to be associated with unfavourable psychological outcomes while greater GT

tended to be associated with favourable psychological outcomes.

The longitudinal ST studies which permitted examination of causal linkages (according to

the criteria outlined in section 2.4) were difficult to compare. However, observed statistically

significant associations provided some support for unfavourable causal relationships, consis-

tent with the multitude of cross-sectional studies. There were no experimental or intervention

studies to draw on in relation to ST. For GT, in addition to some longitudinal studies which

permitted examination of causal linkages, a small number of studies with an experimental or

intervention component also demonstrated favourable relationships between GT and psycho-

logical outcomes, building the case for causal linkages.

4.2 There are limitations in existing study designs and analysis

Although there is a sizeable literature concerning ST or GT and psychological outcomes in

children and adolescents, the majority of studies used cross-sectional designs. While the great

volume and variety (e.g., heterogeneous ST and GT measures, diverse study samples and con-

texts) of cross-sectional studies is useful for demonstrating general consistency in results, the

research now needs to move beyond this. Investment in study designs which permit examina-

tion of causal linkages is important for advancement of both fields.

Studies with a longitudinal component are an example of superior study designs. In partic-

ular, comprehensive longitudinal studies which take baseline psychological profiles into

account and consider competing explanations are needed to understand the potential bi-
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directional and reciprocal relationships between ST, GT, and psychological outcomes [93]. In

addition, more short-term intervention studies, preferably randomised controlled trials with

comparable baseline groups, would be particularly persuasive in making the case for (or

against) causality and could allow a better understanding of mechanisms [251].

In considering competing explanations, potential confounding and mediating variables

should be treated appropriately in analyses (see Fig 4 in section 3.3.1). For children and adoles-

cents of all ages, the displacement hypothesis was regularly put forth as a potential mechanism

underlying unfavourable associations between ST and psychological outcomes. Displaced

behaviours raised included getting adequate sleep [63, 67, 68, 71, 87, 100, 142, 146, 235], engag-

ing in physical activity [142], experiencing in-person social interactions [83, 93, 99, 141], and

dedicating time to academic activities [112, 121, 129, 158]. However, few studies examined

mediation formally. Across the identified literature these important variables were frequently

treated as confounders, despite their potential role on the causal pathway. Unless the aim is to

isolate the direct independent effect of ST or GT, these factors should not be treated as con-

founders in analyses. Furthermore, exploration of effect modification by age, sex, and SES was

relatively rare, despite the potential for these variables to interact with ST, GT, and psychologi-

cal outcomes.

In addition to claims that enhanced protective behaviours (e.g., more physical activity and

socialisation) operating through GT contributed to favourable psychological outcomes, many

GT studies made appeals to the intrinsic qualities of nature that theoretically enhance psycho-

logical well-being. In particular, frequent reference was made to Kaplan’s Attention Restora-

tion Theory [46], which postulates that spending time in nature can improve cognitive

functioning by restoring direct attention abilities, enabling individuals to consequently per-

form better on tasks that depend on directed attention. Two intervention studies provided

strong support for this, suggesting that outdoor education [28] and natural classroom window

views [187] are beneficial for students’ attention restoration and stress recovery. Whether GT

can assist in recovery of attention and reduction of stress following ST is not known, but is an

interesting prospect.

4.3 Considering different developmental stages is important

This review highlights the importance of considering the way in which specific screen-based

technologies and GT exposures affect children and adolescents, depending on social and bio-

logical factors unique to their developmental stage of life.

For example, for young children, cognitive and language development are profound. As

such, ST was most commonly explored in relation to these domains in children under 5 years

of age, and was typically associated with poorer cognitive and language development [63, 67,

68, 71]. These findings are possibly owing to displacement of parent-child interactions and

reduced quantity and quality of child play [63, 67, 68, 71].

Early adolescence is another period defined by significant biological and social develop-

ment. It is characterised by hyper-responsive neural reward systems [252], along with the pur-

suit of autonomy from family, and peer social acceptance [25–27, 253]; all in the absence of

reliable behavioural inhibition [254] and reduced parental control. Therefore, the domains of

greatest interest and the potential mechanisms proposed to link high ST to poor psychological

outcomes in this age group are more complex than that of younger children. For example, it is

proposed that social media, which is popular among adolescents, can contribute to poor men-

tal health as it offers the opportunity for constant social comparison. Photographs on social

media broadcast certain ideals and encourage young people to compare themselves to their

peers with respect to their body image, life experiences, and abilities [113, 157]. This not only
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inflates social pressure to conform [113], but can also cause distress for young people when

there are discrepancies between these publicised ideals and the self [157]. While real-world

social acceptance has historically been open to interpretation for adolescents, social media

overtly quantifies levels of social acceptance through numbers of “friends” and “likes” attained

by users [255].

When considering the GT literature, associations between different types of GT and psy-

chological outcomes were also dependent on the participant age group. For example, having

access to private gardens or natural environments at home appeared to be important for pre-

and school-aged children [85] (who are dependent on caregivers for access or transportation

to public green spaces and parks) as it can increase opportunities for engagement in deep and

complex play in nature, which is thought to be essential for healthy development [62]. In

another study, greenspace quantity, over quality, was reported to be more important for young

children [210]. Younger children may reap psychological benefits from large greenspaces as

they afford the opportunity to socialise through group sports, games, and exploration, which

are key for psychological well-being. However, given physical activity declines from childhood

through to early adolescence, particularly for girls [256], the quantity of greenspace may

become less important with older age.

Some evidence suggests that broader environments may be more important to early adoles-

cents, who begin to gain a level of independence from their parents/caregivers. For example,

greater neighbourhood greenspace was reported to buffer against perceived stress for early

adolescents [124] and was associated with higher emotional well-being [160]. In another

study, greenspace quality was reported to be more important than quantity for older children

[210]. As mentioned above, physical activity declines from childhood to adolescence [256],

while rumination may increase concurrently [257]. Therefore, high quality natural environ-

ments which are restorative (e.g., provide a feeling of ‘getting away’), may be more important

for early-to-late adolescents because they provide opportunities for respite and mind-wander-

ing [46].

Overall, little GT research related to cognitive functioning was available for early adoles-

cents, and little GT research related to mental health was identified for older adolescents.

Given early adolescence is a critical period associated with the development and consolidation

of complex cognitive processes, and adolescence is a peak age for the emergence of common

psychological disorders [258], more research in these areas is warranted.

4.4 Certain screen technologies are most relevant when considering

psychological outcomes

A lack of consistency in the conceptualisation and measurement of ST considerably limits our

ability to make detailed comparisons between studies, synthesise the existing evidence, and

ultimately make broader conclusions. This includes varying measurement units (e.g., hours

versus minutes of ST), and exposure variables being treated as either binary (e.g., high versus

low ST) or continuous (e.g., minutes or hours of ST), with mixed data transformation methods

and cut-off points (e.g.,>2 hours ST per day) used across studies.

Historically, ST received attention as an important modifiable determinant of childhood

obesity [259], which led to ST guidelines recommending that children and adolescents limit

their ST to two hours per day [20] in order to reduce sedentary leisure time. Consideration of

psychological impacts of ST invites further distinctions between types of ST, notably passive

(e.g., television watching) versus interactive or stimulating ST (e.g., gaming, social network-

ing), in view of their different psychological demands. For example, a recent systematic review

reported that passive ST, like television watching, was less likely to be associated with poor
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sleep outcomes compared to more interactive screen-based activities including computer use,

video gaming, and mobile device use [260]. Similarly, when TV exposure was assessed alone, it

was mostly unrelated to psychological outcomes for adolescents in the studies included in this

systematic scoping review.

ST within the included studies most commonly included television watching, followed by

videogaming, and computer use. Not surprisingly, older studies do not feature contemporary

interactive and stimulating technologies, such as portable small-screen devices like iPads, tab-

lets, and smart phones. With approximately three quarters of adolescents now reporting

smartphone ownership, and almost one quarter describing themselves as “constantly con-

nected” to the Internet [261], future research should move towards focusing on the psychologi-

cal impacts of these contemporary technologies which keep young people connected and

make it difficult to ‘switch off’.

4.5 It is not clear what constitutes the most beneficial GT

Conceptualisations of GT in the included studies varied markedly. As per the ST literature,

varying measurement units (e.g., Euclidean distance to greenspace versus greenspace within

diverse buffer sizes), variables being treated as both binary (e.g., no exposure versus some GT

exposure) and continuous (e.g., NDVI of greenness), with mixed data transformation methods

and cut-off points used (e.g., 100m versus 500m buffers), once again limits our ability to make

comparisons between studies, synthesise the existing evidence, and ultimately make broader

conclusions. While some studies focussed on incidental exposure to urban greenspaces or resi-

dential greenness, others investigated the effects of more purposive exposure, such as outdoor

play, private garden access, outdoor adventures, or education outside the classroom. It is

important to note that residential proximity to greenspaces does not necessarily reflect use,

and outdoor play is not guaranteed to take place in natural surroundings. Carefully planned

studies are needed which determine whether incidental exposure to nature, and purposive use

of natural spaces, yield similar psychological benefits. Currently, the literature fails to make a

distinction between these GT exposures and the different psychological benefits they may

afford individuals of different ages.

4.6 Youth from low SES backgrounds may be disproportionately affected

Children and adolescents from middle-to-high SES backgrounds were most commonly

recruited and retained in studies. While this provides reassurance that findings are not driven

by the SES gradient, current evidence pertaining to higher SES samples may be underestimat-

ing the psychological effects of ST and GT on young people as a whole. The use of high SES

samples with higher baseline well-being may lead to ‘floor’ and ‘ceiling effects’, as was sug-

gested in a study which reported non-significant findings related to well-being following an

outdoor camp and wilderness experience with a sample of high SES adolescents [175].

As presented in section 3.4, in some studies the negative psychological effects of ST, and

benefits gained through GT, have been found to be stronger in individuals from low SES back-

grounds. On theoretical grounds, associations between ST and cognitive development may be

particularly important for young children from low SES backgrounds. In combination with

higher average ST [48–51], these children can experience lower levels of directed parental lan-

guage [71], and may also face issues with neighbourhood safety, social isolation, and other life

stressors which play a key role in parents’ decisions around media use at home [63] and access

to local greenspaces [262]. Given the potential to provide community amenities in the form of

additional green spaces, which could address some inequities in youth mental health, future

research in this area should prioritise youth from low SES backgrounds.
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4.7 There is value in considering both ST and GT in future research

Very few studies considering both ST and GT together were identified and included in this sys-

tematic scoping review. Given the lack of available evidence, it is difficult to determine whether

individuals who demonstrate improvements in psychological functioning following exposure

to a natural environment experience such improvements purely as a result of nature exposure,

or whether reduced exposure to screen-based technologies in such environments contributes

to their observed improvements. Equally, it is difficult to determine whether the psychological

consequences of ST arise exclusively from the screen-based technologies themselves, or

whether the observed psychological outcomes are also associated with the concurrent deficit in

exposure to natural environments whilst an individual is engaging with screen-based

technologies.

This lack of available evidence warrants further research which considers the psychological

effects of both ST and GT on children and adolescents. Given the opposing ways in which

technology and nature arguably influence the brain and human lifestyles, it is important to

delineate their reciprocal effects to ensure accurate recommendations are made regarding

appropriate ST and GT for optimal psychological well-being. Such delineation may assist in

determining the ability of nature to act as a buffer against negative psychological effects of ST

in a high-tech era.

On theoretical grounds, investigating the potential role of GT as an ameliorator to the con-

sequences of extensive ST, is an interesting prospect. Paying constant directed attention to

screen-based technologies can lead to directed attention fatigue. Attention Restoration Theory

postulates that when direct attention mechanisms are fatigued, they can be restored in natural

environments because they employ involuntary attention, which is not tiring or effortful [46,

47]. Similarly, Stress Reduction Theory contends that due to extensive human evolution in

natural environments, modern humans may have a biologically prepared readiness to quickly

and readily acquire restoration from stress in natural settings, but have no such preparedness

for highly stimulating technological environments [45, 263, 264]. Given the psychological

demands contemporary interactive and stimulating technologies place on children and adoles-

cents, research looking at the restorative role of GT is warranted.

With an estimated 47% of total U.S. employment classified as at high risk of computerisa-

tion in coming years [265], modern technologies are here to stay, and it is important for young

people to be tech-literate; however, determining activities which assist in preventing mental ill-

ness and promoting mental well-being, to ultimately reduce continued burden of youth mental

health problems, is crucial. In a high-tech era, further research is required to properly measure

and understand practical ways for ameliorating any detrimental impacts ST may be having on

children and adolescents [255].

4.8 Limitations of the current systematic scoping review &

recommendations for future research

A limitation of this systematic scoping review may be the inability to fully synthesise and sys-

tematically appraise included studies, due to substantial heterogeneity across included studies.

However, it is important remember that the purpose of a scoping review is to describe the

available literature broadly, including diverse study designs and methods with no requirement

for an evaluation of the quality of the evidence.

Given our aim was to provide a broad overview of existing evidence, it was also beyond the

scope of this review to discuss the magnitude of the effects of ST and GT on psychological out-

comes. The disparate ways exposure variables were measured in the included studies made it

difficult to make these comparisons. More focussed systematic reviews with meta-analyses
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should be undertaken in the future, to pool data for studies that conceptualised and measured

exposures in similar ways. We believe that the body of evidence pertaining to outcomes such

as depression, anxiety, psychological difficulties (as measured by the SDQ), attention, and aca-

demic achievement may be wide enough to allow the conduct of a focussed systematic review.

Such a review, presenting magnitude of effects, would be beneficial in commenting on the

practical and clinical significance of associations across the literature.

The current review focused upon ST duration rather than content; therefore, it was not pos-

sible to comment on the differential effects of specific content, such as violent videogames and

educational TV programs. In general, recreational and educational ST were combined in study

responses, which made it difficult to explore differential impacts. The Canadian Pediatric Soci-

ety recently released new ST guidelines suggesting that ST content is equally as important as

ST duration [266]; therefore, future research should aim to synthesise evidence reporting the

effects of ST duration and content (specifically distinguishing between recreational and educa-

tional ST) on psychological outcomes in children and adolescents.

A further limitation is that the review was limited to articles published in English. We may

not have identified all relevant studies, despite attempts to be as comprehensive as possible.

This may be due to the inconsistent terminology used in describing and indexing ST and GT.

For example, most studies sourced from reference lists were not captured in the original search

because they referred to time in screen-based activities as ‘sedentary time’; however, as

highlighted in the literature, sedentary time that is not spent using electronic devices has sig-

nificantly different psychological effects than sedentary time spent with screens [148, 157].

Therefore, rather than considering screen time as an interchangeable term with sedentary

time, as it typically is in obesity research, a distinction needs to be made in the literature when

considering psychological impacts.

Despite the aforementioned limitations, the approach used in this study provides a compre-

hensive overview and description of the current state-of-the-evidence. Overall, we recommend

that: (a) a focused systematic review of only studies with a longitudinal, experimental, or inter-

vention component be undertaken in the future, (b) specific attention be paid to the psycho-

logical benefits of purposive versus incidental GT for children and adolescents of different

ages, (c) interactive ST activities and different ST content be considered, and (d) derivation of

effect magnitudes occur where studies can be pooled. Further, we recommend that starting

dates for searches commence around the time when contemporary technologies, such as smart

phones, were introduced. Older research pertaining to previous generations with older tech-

nology use and different socialisation patterns should be drawn on judiciously. In addition, a

narrow range of operationalisations of ST and GT will need to be employed to limit heteroge-

neity and allow for more fine-grain analysis.

5 Conclusion

While moderate ST can be beneficial for young people in a connected world, it is widely specu-

lated that the concomitant trends of increasing ST and decreasing GT among children and

adolescents may be social determinants of trends in youth mental health problems. However,

research rarely considers the reciprocal effects of extensive ST (which is arguably detrimental)

and GT (which is arguably protective) on children and adolescents’ psychological well-being.

Researchers should move beyond cross-sectional studies, to longitudinal and intervention

studies which are designed to investigate the psychological effects of both ST and GT, with

careful specification of the extent and type of exposure. Research should consider specific

developmental ages of children and adolescents, young people from low SES backgrounds,

and consider the specific contribution of other lifestyle variables. GT presents as a potentially
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novel strategy to ameliorate high levels of ST; however, robust evidence is needed to guide pol-

icies and recommendations for exposure at critical life stages in childhood and adolescence.

Nature may currently be an under-utilised public health resource, and it could potentially

function as an upstream preventative and psychological well-being promotion intervention for

children and adolescents in a high-tech era.
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MT, et al. Association of low weekly physical activity and sedentary lifestyle with self-perceived health,

pain, and well-being in a Spanish teenage population. Science and Sports. 2015; 30(6):342–51.

144. Matin N, Kelishadi R, Heshmat R, Motamed-Gorji N, Djalalinia S, Motlagh ME, et al. Joint association

of screen time and physical activity on self-rated health and life satisfaction in children and adoles-

cents: the CASPIAN-IV study. International Health. 2017; 9(1):58–68. https://doi.org/10.1093/

inthealth/ihw044 PMID: 27836949

145. McAnally HM, Robertson LA, Hancox RJ. Effects of an outdoor education programme on creative

thinking and well-being in adolescent boys. New Zealand Journal of Educational Studies. 2018; 53

(2):241–55.

146. Mireku MO, Barker MM, Mutz J, Dumontheil I, Thomas MSC, Roosli M, et al. Night-time screen-based

media device use and adolescents’ sleep and health-related quality of life. Environ Int. 2019; 124:66–

78. https://doi.org/10.1016/j.envint.2018.11.069 PMID: 30640131

147. Mutz M, Müller J. Mental health benefits of outdoor adventures: Results from two pilot studies. Journal

of Adolescence. 2016; 49:105–14. https://doi.org/10.1016/j.adolescence.2016.03.009 PMID:

27038974

148. Nihill GFJ, Lubans DR, Plotnikoff RC. Associations between sedentary behavior and self-esteem in

adolescent girls from schools in low-income communities. Mental Health and Physical Activity. 2013; 6

(1):30–5.

PLOS ONE Screen time, green time, and youth psychological outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0237725 September 4, 2020 46 / 52

https://doi.org/10.1590/0102-311x00100313
http://www.ncbi.nlm.nih.gov/pubmed/24714948
https://doi.org/10.1136/jech-2013-203562
http://www.ncbi.nlm.nih.gov/pubmed/24711573
https://doi.org/10.1016/j.jadohealth.2008.10.142
http://www.ncbi.nlm.nih.gov/pubmed/19380098
https://doi.org/10.1093/inthealth/ihy019
http://www.ncbi.nlm.nih.gov/pubmed/29579220
https://doi.org/10.1007/s11136-011-0014-5
http://www.ncbi.nlm.nih.gov/pubmed/21932139
https://doi.org/10.1016/j.ypmed.2015.01.029
https://doi.org/10.1016/j.ypmed.2015.01.029
http://www.ncbi.nlm.nih.gov/pubmed/25657166
https://doi.org/10.1093/inthealth/ihw044
https://doi.org/10.1093/inthealth/ihw044
http://www.ncbi.nlm.nih.gov/pubmed/27836949
https://doi.org/10.1016/j.envint.2018.11.069
http://www.ncbi.nlm.nih.gov/pubmed/30640131
https://doi.org/10.1016/j.adolescence.2016.03.009
http://www.ncbi.nlm.nih.gov/pubmed/27038974
https://doi.org/10.1371/journal.pone.0237725


149. Poulain T, Peschel T, Vogel M, Jurkutat A, Kiess W. Cross-sectional and longitudinal associations of

screen time and physical activity with school performance at different types of secondary school. BMC

public health. 2018; 18(1):563. https://doi.org/10.1186/s12889-018-5489-3 PMID: 29703168

150. Primack BA, Silk JS, DeLozier CR, Shadel WG, Dillman Carpentier FR, Dahl RE, et al. Using ecologi-

cal momentary assessment to determine media use by individuals with and without major depressive

disorder. Arch Pediatr Adolesc Med. 2011; 165(4):360–5. https://doi.org/10.1001/archpediatrics.2011.

27 PMID: 21464384

151. Reshadat S, Ghasemi SR, Ahmadian M, Rajabi Gilan N. The relationship between playing computer

or video games with mental health and social relationships among students in guidance schools, Ker-

manshah. Eastern Mediterranean Health Journal. 2013; 19(SUPPL 3):S115–S22.

152. Robinson M, Kendall GE, Jacoby P, Hands B, Beilin LJ, Silburn SR, et al. Lifestyle and demographic

correlates of poor mental health in early adolescence. J Paediatr Child Health. 2011; 47(1–2):54–61.

https://doi.org/10.1111/j.1440-1754.2010.01891.x PMID: 20973867

153. Rusby JC, Westling E, Crowley R, Light JM. Psychosocial correlates of physical and sedentary activi-

ties of early adolescent youth. Health Educ Behav. 2014; 41(1):42–51. https://doi.org/10.1177/

1090198113485753 PMID: 23640122

154. Sharif I, Wills TA, Sargent JD. Effect of visual media use on school performance: a prospective study.

J Adolesc Health. 2010; 46(1):52–61. https://doi.org/10.1016/j.jadohealth.2009.05.012 PMID:

20123258

155. Sharif I, Sargent JD. Association between television, movie, and video game exposure and school per-

formance. Pediatrics. 2006; 118(4):e1061–70. https://doi.org/10.1542/peds.2005-2854 PMID:

17015499

156. Straker L, Smith A, Hands B, Olds T, Abbott R. Screen-based media use clusters are related to other

activity behaviours and health indicators in adolescents. BMC Public Health. 2013; 13:1174. https://

doi.org/10.1186/1471-2458-13-1174 PMID: 24330626

157. Suchert V, Hanewinkel R, Isensee B, Group lS. Sedentary behavior, depressed affect, and indicators

of mental well-being in adolescence: Does the screen only matter for girls? Journal of Adolescence.

2015; 42:50–8. https://doi.org/10.1016/j.adolescence.2015.03.014 PMID: 25910467
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