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(Subsequently Translated Into Other
Strings Appropriate for a Specified
Database)

(bluespace*[tiab] OR “blue
space*”[tiab] OR coastline[tiab]
“contact to nature” OR “contact with
nature” OR “with nature” OR
“connectedness to nature” OR
“forest bathing”[tiab] OR
garden*[tw] OR “green area*”[tiab]
OR “green space*”[tiab] OR
green[tiab] OR greenspace*[tiab] OR
nature[mh] OR “nature based”[tiab]
OR “natural environment” OR
“natural world” OR “natural area*”
OR “natural landscape*” OR “nature
contact*” OR “nature exposure*” OR
“nature images”[tiab] OR
naturescape*[tiab] OR (nature[tiab]

AND view*[tiab]) OR “outdoor time”

OR outdoors[tiab] OR “out-of-

door*”[tiab] OR “outdoor play”[tiab]

OR “outdoor environment”[tiab] OR

“outdoor environment*” OR “park

spaces”[tiab] OR playground*[tiab]

OR “play area*”[tiab] OR

recreational parks[mh] OR “time

outdoors”[tiab] OR “virtual

nature”[tiab])

AND

(“academic achievement*”[tw] OR
“academic performance”[tw] OR
academic performance[mh] OR
“academic success*”[tw] OR
“adolescent health”[tw] OR adhd[tw]
OR attention deficit and disruptive
behavior disorders[mh] OR
allergic[tw] OR allergies[tw] OR
allergy[tw] OR anxiety[tw] OR
anxious[tw] OR anxiety[majr] OR
anxiety disorders[majr] OR
asthma[tiab] OR asthma[majr] OR
attention*[tw] OR “behavioral
development”[tw] OR “behavioural
development”[tw] OR “behavioral
outcome*”[tw] OR “behavioural
outcome*”[tw] OR behavioral
symptoms[majr] OR benefit*[tw] OR

blood pressure[majr] OR
bullying[tw] OR child behavior[mh]
OR child health[mh] OR “child
health”[tiab] OR “childrens
health”[tiab] OR “children’s
health”[tiab] OR “cognitive
function*”[tw] OR depression[majr]
OR depressive disorder[majr] OR
diabetes[majr] OR “emotion
regulation” OR “emotional
regulation” OR “emotional
development”[tw] OR eye
diseases[majr] OR
hypertension[majr] OR
hypersensitivity[majr] OR immune
system[majr] OR “immune
system*”[tiab] OR “infant
health”[tw] OR learning[tw] OR
learning disorders[majr] OR
lonely[tiab] OR loneliness[tiab] OR
“mental health”[tw] OR mental
health[mh] OR mood[tw] OR
myopia[mh] OR myopia[tw] OR
“nature deficit disorder”[tiab] OR
neurodevelopmental disorders[mh]
OR neurodevelopment*[tw] OR
neoplasms[majr] OR pain[majr] OR
pediatric obesity[mh] OR “physical
activity”[tw] OR “physical
health”[tw] OR “psychosocial
health”[tw] OR psychological
stress[majr] OR quality of life[mh]
OR “quality of life” OR “self
efficacy”[tw] OR “school
performance”[tw] OR stress[tw] OR
“social development”[tw] OR
“vitamin D deficiency” OR “well-
being”[tw] OR wellbeing[tw] OR
“youth health”[tw])

AND

(adolescent[mh] OR adolescen*[tw]
OR child[mh] OR infant[mh] OR
child[tw] OR children[tw] OR
infant[tw] OR infants[tw] OR
pediatric*[tw] OR prenatal[tw] OR
pregnancy[mh] OR pregnan*[tiab]
OR teen[tw] OR teens[tw] OR
teenager*[tw] OR youth*[tw])

Abbreviations: title/abstract=[tiab];
textwords=[tw]; MeSH Terms=[mh];

MeSH heading that is a major topic
of an article=[majr].

Study Eligibility Criteria

Inclusion Criteria

1. All original research articles
using quantitative or qualitative
measures.

2. Any dates.
3. Age: birth through 18 years (for

the exposure), including the
following:
a. studies including both children

and adults where analysis is
stratified by age groups.

4. English language.
5. Nature contact as the exposure:

a. green space;
b. blue space;
c. park;
d. garden;
e. wilderness;
f. forest;
g. vegetation (indoor or

outdoor);
h. field: with modifier of a natural

environment or surface;
i. playground/playfield: with

modifier of a natural
environment or surface;

j. outside/outdoors: with
modifier of a natural
environment; and

k. outdoor play with a
modifier of a natural
environment.

6. Studies that include nature contact
and other nonnature
environmental factors and are
stratified in analysis.

7. Child health as the outcome:
a. physical, including health

behaviors (eg, improved
nutrition, increased moderate-
to-vigorous activity);

b. developmental (eg, physical
[motor skills], language,
thought, and emotional);

c. mental, psychological,
emotional (eg, emotional
regulation, stress, anxiety,
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social connectedness,
depression, self-efficacy);

d. medical conditions (eg,
asthma, cancer, blood
pressure); and

e. academic achievement and
performance.

Exclusion Criteria

1. Nonhuman subjects.
2. Ages ≥19 (for exposure),

including the following:
a. studies with a population

of 18+; and
b. studies including both

children and adults in
which analysis is not
stratified by age groups.

3. Systematic reviews (tag as
“reference”).

4. Nature contact that only uses
the terms below to define the
exposure and no modifier is
included:
a. rural;
b. virtual nature contact

(computers, video games,
TV, photographs,
pictures);

c. sun;
d. weather;
e. recess;
f. outside/outdoors with no

modifier of a natural
environment;

g. outdoor play with no
modifier of a natural
environment;

h. playground/playfield
with no modifier of a natural
environment or surface;

i. school yard with no modifier
of a natural environment or
surface; and

j. field with no modifier of
natural environment or
surface.

5. Studies that include nature
contact and other nonnature
environmental factors
combined in the analysis (not
stratified).

6. Child outcomes not related directly
to child health:
a. social justice;
b. environmental awareness,

concern, action;
c. urban planning, design,

policy;
d. sustainability spirituality;

and
e. nature connectedness.
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SUPPLEMENTAL TABLE 5 MMAT Questions and Scoring Guidelines

Category of Study Designs Explanations

Quantitative nonrandomized (experimental, observational, etc)
Are the participants representative of the target population? Indicators of representativeness: description of the target population,

description of the sample (inclusion and exclusion criteria), reasons
eligible individuals chose not to participate, and attempts to achieve a
representative sample.

Are measurements appropriate regarding outcome and intervention (or
exposure)?

Appropriate measurements include variable clearly defined and accurately
measured, measurements appropriate for answering the research
question, validity and reliability tested measures of the intervention
and exposure and outcome or variables measured using gold
standard.

Are there complete outcome data? Almost all the participants contributed to almost all measures. There is
no absolute and standard cutoff value for acceptable completeness of
outcome data. Agree among your team on what is considered
complete outcome data and apply this uniformly.

Are the confounders accounted for in the design and analysis? Confounders predict both the outcome of interest and the intervention
received/exposure at baseline. Confounding bias is low if there is no
confounding expected or if appropriate methods to control for
confounders are used (such as stratification, regression, matching,
standardization, and inverse probability weighting).

During the study period, is the intervention administered (or exposure
occurred) as intended?

Consider whether participants were treated consistently with the planned
intervention. Because the intervention is assigned by researchers,
consider whether there was a presence of contamination (eg, the
control group may be indirectly exposed to the intervention) or
whether unplanned co-interventions were present in one group. For
observational studies, consider whether changes occurred in the
exposure status among the participants; if yes, whether these changes
were likely to influence the outcome of interest, were adjusted for, or
whether unplanned coexposures were present in one group.

Quantitative RCTs
Is randomization appropriately performed? In an RCT, the allocation of a participant (or a data collection unit, eg, a

school) into the intervention or control group is based solely on
chance. Researchers should describe how the randomization schedule
was generated. A simple statement such as “we randomly allocated”
or “using a randomized design” is insufficient to judge if randomization
was appropriately performed.

Are the groups comparable at baseline? Baseline imbalance between groups suggests that there are problems
with the randomization. Indicators from baseline imbalance include:
“(1) large differences between intervention group sizes; (2) a
substantial excess in statistically significant differences in baseline
characteristics than would be expected by chance alone; (3) imbalance
in key prognostic factors (or baseline measures of outcome variables)
that are unlikely to be due to chance; (4) excessive similarity in
baseline characteristics that is not compatible with chance; (5)
surprising absence of one or more key characteristics that would be
expected to be reported” (Higgins 2016a).

Are there complete outcome data? Almost all the participants contributed to almost all measures. There is
no absolute and standard cutoff value for acceptable completeness of
outcome data. Agree among your team on what is considered
complete outcome data and apply this uniformly.

Are outcome assessors blinded to the intervention provided? Outcome assessors are unaware of who is receiving which
intervention(s). The assessors can be the participants if using
participant reported outcome (eg, pain), the intervention provider (eg,
clinical examination), or other persons not involved in the intervention.

Did the participants adhere to the assigned intervention? Consider the proportion of participants who continued with their
assigned intervention throughout follow-up. “Lack of adherence
includes imperfect compliance, cessation of intervention, crossovers to
the comparator intervention and switches to another active
intervention.” (Higgins 2016; see URL in footnote for more details).

a Summarized from MMAT Version 2018. Available at: http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria-manual_2018-08-01_ENG.pdf.
Accessed June 1, 2020.
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SUPPLEMENTAL TABLE 6 Alignment of MMAT Questions With Common Sources of Bias Identified in Cochrane ROBINS-I and RoB 2

Cochrane ROBINS-I, Non-RCT MMAT, Non-RCT Cochrane RoB 2, RCT MMAT, RCT

Selection bias
Bias arising from

participants or outcomes
excluded in a way that
would differ from an RCT
in the same population

Are participants
representative of target
population?

Bias arising from the
randomization process

Is randomization
appropriately
performed?

N/A N/A Bias arising from groups
not comparable at
baseline after evaluation
of baseline differences

Are the groups
comparable at baseline?

Information bias
Bias arising from

measurement error,
misclassification, etc

Are measurements
appropriate regarding
both the outcome and
intervention (or
exposure)?

Same criteria N/A

Attrition bias
Missing data because of

loss to follow-up,
incomplete data
collection, etc

Are there complete outcome
data?

Same criteria Are there complete
outcome data?

Confounding bias
Confounders missing,

measured poorly, etc
Are the confounders

accounted for in the
design and the analysis?

Same criteria N/A

Detection bias
Blinding of outcome

assessors and other
potential threats to
validity

N/A Same criteria Are outcome assessors
blinded to intervention?

Intervention bias
Bias in classification of the

intervention or exposure
During the study period, is

the intervention
administered (or
exposure occurred) as
intended?

Same criteria Did the participants
adhere to the assigned
intervention?

N/A, not assessed.
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