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Abstract

Background: Low-income and non-white children experience disparities in health, education, and access to na-
ture. These health disparities are often associated and exacerbated by inequities in the U.S. educational system.
Recent research suggests that nature contact may reduce these health and educational disparities for urban low-
income populations. Nature-based education (NBE) uses nature contact to inspire curiosity and improve health.
This study examines the health and educational outcomes of a 15-week NBE intervention for urban low-income,
black and Hispanic children 10-15 years of age.

Methods: Children (n=122) completed a pre-intervention and post-intervention survey that addressed seven sci-
ence, technology, engineering, and math (STEM)-capacity items (leadership, teamwaork, science relevance, sustain-
ability relevance, STEM self-efficacy, science interest, and overall STEM capacity) and six widely used health-related
quality-of-life (HRQol) domains (physical health functioning, emotional health functioning, school functioning,
social functioning, family functioning, and overall HRQol). Focus groups with participating students and post-
intervention surveys of NBE mentors and teachers explored perceptions of the intervention impact.

Results: There were statistically significant positive changes in STEM capacity and HRQoL for participating stu-
dents. For example, children’s overall STEM capacity and overall HRQoL scores improved by 44% and 46%, re-
spectively (both p<0.05). Qualitative data highlighted the intervention’s educational and health benefits.
Conclusions: These results support further research quantifying the effects of NBE on STEM capacity and HRQoL
in urban, low-income, black and Hispanic children.

Keywords: health-related quality of life; nature contact; environmental education; sustainability; youth; environ-
mental justice

Introduction outcomes (e.g., diabetes, cardiovascular disease, and

Across the health spectrum, non-white and low-
income children experience health disparities." These
childhood health disparities involve differences in
health and behavioral outcomes for specific racial,
ethnic, and socioeconomic populations." Childhood
health disparities have both immediate and long-term
consequences.” These potentially lifelong consequences
include increased risks for long-term adverse health

cancer)’” as well as establishment of negative health
behaviors at an early age, which often continue into
adulthood.®’ Black and Hispanic children as well as
low-income children also face educational inequalities
compared to white or high-income children.'®'" Fur-
thermore, education is an upstream social determinate
of health, and programs that reduce educational inequi-
ties promote health equity.'” There are significant racial
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and socioeconomic disparities in access to and contact
with nature.””™'® White children have significantly
more nature contact than black children.'"” Recent
attention has focused on the potential role of nature
contact as an influence on health disparities for urban
low-income populations.'”

There is a growing body of evidence that suggests that
nature contact is a practical method for promoting bet-
ter physical, emotional, mental, and overall health for chil-
dren as young as 10 years."* ' Childhood nature contact
promotes positive youth development, improved cogni-
tion, childhood resilience, and reduction of mental health
disorders (e.g., anxiety, depression, and attention deficit
hyperactivity ~disorder [ADHD]).**?*® Both cross-
sectional and prospective cohort studies have found that
increased childhood nature contact is positively associated
with increased physical activity.*"*’~* Furthermore, a few
studies have found greater physical and mental health
benefits from green exercise (outdoor physical activities
in natural settings) than traditional forms of exercise.’* >

Nature-based education

Nature-based education (NBE) is a form of environ-
mental education that uses nature contact to increase
environmental awareness and inspire curiosity.>*?>

199

Our conceptual model of NBE’s impacts on health-
related quality of life (HRQoL) and science, technology,
engineering, and math (STEM) knowledge (Fig. 1) rep-
resents a synthesis of the emerging research on envi-
ronmental education and pathways through which it
might benefit children,** along with potential pathways
through which nature contact may promote posi-
tive health outcomes.?*>>° In this model, NBE may
increase STEM knowledge, which is associated with in-
creased self-esteem and family cohesion for low-
income and non-white children®”® NBE interventions
may improve children’s academic success, which influ-
ences childhood HRQoL.***° In addition, NBE incor-
porates nature-contact components, increasing the
frequency of nature contact and its benefits.****>%*!
A pilot study found that this NBE intervention signif-
icantly improved overall HRQoL scores and family sup-
port HRQoL domain scores for low-income, black and
Hispanic children in St. Louis, Missouri.** In this
study, we investigate how NBE influences health and ed-
ucational outcomes for low-income, black and Hispanic
children in St. Louis, MO, USA. This study includes a
larger sample of students, a further examination of
STEM-capacity, and qualitative aspects of the response
to the NBE intervention in students, teachers, and
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NBE mentors. Our study tests the hypothesis that an
NBE intervention improves two outcomes: (1) HRQoL
and (2) STEM knowledge and self-efficacy (STEM ca-

pacity).

Methods

NBE intervention

A NBE intervention was developed for low-income black
and Hispanic children in St. Louis, Missouri. The inter-
vention was administered to three elementary and mid-
dle schools in the St. Louis Public Schools District (SLPS)
during the 2018-2019 academic year. SLPS is the largest
urban public school district in the St. Louis metropolitan
area.® In the 2018-2019 school year, SLPS had an
enrollment of 20,879 students; 80% of whom were
black and 4% Hispanic.*’ The SLPS district faces well-
documented and significant educational inequalities
compared to neighboring school districts.***® For ex-
ample, in the 2018 statewide standardized assessment,
only 23% of SLPS students scored proficient or advanced
in the English and Language Arts section and only 19%
scored proficient or advanced on the Math section com-
pared to the greater St. Louis metropolitan area averages
of 47% and 41%, respectively.*’ To qualify for the NBE
intervention, schools were required to have more than
95% of the student body eligible for free or reduced
meals through the National School Lunch Program
and the School Breakfast Program.

The NBE intervention was facilitated by Gateway to
the Great Outdoors, a regional nonprofit organization
founded by one of the investigators (N.S.).*” The
NBE intervention consisted of weekly STEM-based en-
vironmental education classroom lessons and monthly
nature-based outdoor field trips facilitated by volunteer
undergraduate mentors (NBE mentors). The NBE
mentors were recruited, trained, and overseen by the
nonprofit organization. Every week, the NBE mentors
would visit their assigned SLPS classroom and teach in-
teractive lessons created by the nonprofit organization,
based on the classroom’s STEM curricula, the state of
Missouri’s Testing Standards,*®> EPA lesson plans,*
Next Generation Science Standards,”® and other envi-
ronmental science courses. The nature-based outdoor
field trips were created to provide context for classroom
activities and reinforce classroom learning. In conjunc-
tion, the weekly in-class environmental education les-
sons and monthly nature-based field trips were
developed to promote teamwork, leadership, environ-
mental and conservation awareness, STEM knowledge,
and improved HRQoL, while also teaching outdoor
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skills and changing SLPS students’ perceptions of sci-
ence and sustainability. Table 1 provides an overview
of the interventions’ curricula, monthly field trips,
and learning objectives.

The average duration of the intervention was 15
weeks. Data from the SLPS students were collected
through a pre-intervention survey in January 2019
and a post-intervention survey in May 2019 (Spring se-
mester 2019). Qualitative data, from the focus groups,
were collected in April 2019. Data from the SLPS
schoolteachers and NBE mentors were collected
through a post-intervention survey in May 2019.
Washington University in St. Louis’s Institutional
Review Board deemed this study as exempt from re-
view since the data were anonymous.

Quantitative analysis
The study used a pre-test-post-test study design to
evaluate HRQoL and STEM capacity during the NBE
intervention. A self-administered 22-item survey was
distributed to the SLPS students before participating
in the intervention (pre-intervention) and after com-
pleting the intervention (post-intervention). The sur-
vey collected information about age, gender, race,
and past STEM and nature contact experiences be-
fore entering the intervention. The pre-intervention—
post-intervention survey consisted of five widely used,
validated, HRQoL domains (physical health function-
ing, emotional health functioning, school functioning,
social functioning, and family functioning)>' > and six
STEM-capacity domains (leadership, teamwork, science
relevance, sustainability relevance, STEM self-efficacy,
and science interest). The STEM-capacity instrument
was informed by current STEM education literature as
well as input from the SLPS teachers.****° Responses
to the HRQoL domains were assessed using 5-point
Likert-type scales ranging from 1 to 5, and responses
to the STEM-capacity domains were assessed using a
3-point Likert-type scale ranging from 1 to 3. Lower
scores indicated better HRQoL and STEM capacity.
HRQoL and STEM-capacity items were reverse-
scored so that higher scores indicated better HRQoL
and STEM capacity, respectively. An overall HRQoL
score and an overall STEM-capacity score were deter-
mined by summing the respected domain scores. Pre-
intervention—post-intervention differences in STEM
capacity and HRQoL were assessed using independent
t-tests. Linear regression models were used to assess
each HRQoL and STEM-capacity domain score by
age, gender, and duration in the intervention.
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Quialitative analysis
To provide additional qualitative data, a focus group
was held for each classroom participating in the NBE
intervention. These focus groups were incorporated
into the intervention to provide a more holistic insight
into the NBE intervention’s impact on the HRQoL and
STEM capacity.'”® The study completed 10 focus
groups to collect qualitative data on the SLPS students’
engagement, learning outcomes, and experience with
the NBE intervention. Focus groups composed of 10—
25 children who participated in the NBE intervention.
The moderator posed predetermined questions to par-
ticipants, added questions to probe answers, and as-
sured that the discussion remained on the subject of
interest. The focus group discussions lasted ~ 30 min.
Focus group discussions were taped and transcribed.
We used Braun and Clarke’s method to analyze the
major themes appearing in the focus groups.®™** We
identified the themes as they appeared, while reviewing
the data, rather than analysis based on an existing theo-
retical framework. First, three trained reviewers con-
ducted an initial review of the transcribed focus
groups to familiarize themselves. Then, the reviewers in-
dependently generated potential themes to code. The
three reviewers evaluated the potential themes and
reached consensus on a final set of themes. One reviewer
then coded the transcribed focus groups based on the fi-
nalized themes. Quotes that contained multiple themes
were coded with more than one theme. The distribution
of themes per focus group was determined and the re-
viewers selected representative quotes for each theme.

NBE mentors’ and schoolteachers’

perceptions analysis

After completion of the course NBE mentors and
schoolteachers completed a 17-item post-intervention
survey. The survey collected information on their per-
ceptions of the NBE intervention impact on the SLPS
students. The survey administered to the NBE mentors
and the schoolteachers was summarized with univariate
analyses. For the open ended section of the post-survey,
we used Braun and Clarke’s method described above to
identify the major themes of the interviews.*"*>

Results

Participant characteristics

A total of 122 SLPS students participated in the NBE
intervention during the Spring semester 2019. Child-
ren’s ages ranged from 10 to 15 years. Each participant
completed the pre-intervention survey and all but two
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Table 2. Demographic Distribution of St. Louis Public
School Student Participants (n=122)

Total School 1 School 2 School 3
Grade levels Sixth, seventh, Sixth Fifth
participating eighth
Average age (SD) 11.9 (1.0) 12.9 (0.9) 11.6 (0.5) 11.1 (0.9)
Average semesters 1.7 (1.1) 2.6 (1.5) 1 (0.0) 2 (0.0)
in program (SD)
Gender
M 61 19 29 13
F 61 18 32 11
Ethnicity
Non-Hispanic Black 102 31 48 23
Hispanic Black 16 5 10 1
Other? 4 1 3 0
Total 122 37 61 24

@Other includes one white Hispanic, one white non-Hispanic, one
American Indian or Alaska Native, and one Asian.

completed the post-intervention survey. Table 2 dis-
plays the demographic distribution of the participants.

During the Spring 2019 semester, 68 of the 122 chil-
dren participated in the intervention for the first time.
In the year before the intervention, of these 68 partici-
pants, 54% had not visited a zoo, 46% had not visited a
museum, 27% had not visited a park, 53% had not vis-
ited a garden, and 74% had not met a scientist (Fig. 2).

Health-related quality of life

We saw significant improvements in all HRQoL do-
main (physical health functioning, emotional health
functioning, school functioning, social functioning,
family functioning, and overall HRQoL) mean and me-
dian scores from pre-intervention to post-intervention
(all p<0.05). We further tested the interactions be-
tween age, gender, and duration in the intervention
with the pre-intervention to post-intervention scores
for each HRQoL domain. There was no significant inter-
action between gender and duration in the intervention
with the pre-intervention and post-intervention mean
and median HRQoL domain scores (all p>0.05). For
age, interactions were significant for the physical
health domain (p=0.019), social functioning domain
(p=0.005), and overall HRQoL domain (p=0.001).
Therefore, the results presented are stratified by age
in Table 3.

Age was not a significant interaction variable for
emotional health functioning, school functioning, or
family functioning HRQoL domains (all p>0.10). The
mean emotional health functioning HRQoL domain
score increased from 2.4 in the pre-intervention survey
to 4.1 in the post-intervention survey (p<0.001). The
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mean school functioning HRQoL domain score in-
creased from 3.1 in the pre-intervention to 4.2 in the
post-intervention (p<0.001). The family functioning
HRQoL domain mean score rose from 2.1 to 2.9 after
the NBE intervention (p=0.001).

STEM capacity

We tested the interactions between age, gender, and
duration in the intervention with the pre-intervention
to post-intervention scores for each STEM-capacity
domain. There was no significant interaction between

age and gender with the pre-intervention and post-
intervention mean and median domain scores (all
p>0.05). For duration in the intervention, there were
significant interactions for all STEM-capacity domain
scores. Therefore, we present the results stratified by
duration in the intervention in Table 4. Each STEM-
capacity domain (leadership, teamwork, science rele-
vance, sustainability relevance, STEM self-efficacy,
science interest, and overall STEM-capacity) mean
and median score significantly increased from pre-
intervention to post-intervention (all p <0.05).

Table 3. Health-Related Quality-of-Life Scores Pre-Intervention and Post-Intervention, Stratified by Age (n=120)

Overall Eleven and under Twelve Thirteen and older
Pre- Post- Pre- Post- Pre- Post- Pre- Post-
intervention intervention intervention intervention intervention intervention intervention intervention Interaction
HRQoL score (SD) score (SD) score (SD)  score (SD)  score (SD)  score (SD)  score (SD)  score (SD) p-value
Physical health 33(14) 45 (1.2) 3.7 (1.5) 40 (1.4) 3.1 (1.4) 45 (1.1) 3.1(14) 44 (1.1) 0.019
functioning
Emotional health 24 (1.2) 4.1 (0.9) 26 (1.7) 4.0 (1.0 2.3 (0.9 4.2 (0.9) 22 (1.2) 4.2 (0.7) 0.206
functioning
School 3.1 (1.3) 4.2 (0.9) 35(1.3) 4.2 (0.9) 29 (1.3) 4.2 (1.0) 3.1 (1.3) 4.3 (0.8) 0.141
functioning
Social 26 (1.2) 4.1 (0.1) 32(1.2) 39 (1.2) 242 (1.1) 4.2 (1.0) 22 (1.2) 4.0 (1.1) 0.005
functioning
Family 2.1 (1.3) 3.0 (1.6) 22 (14) 29 (1.5) 1.9 (1.3) 29 (1.6) 22(1.2) 3.1 (1.5 0.829
functioning
Overall 13.5 (3.7) 19.9 (2.8) 15.2 (4.2) 18.8 (3.1) 12.6 (3.1) 19.9 (2.9) 12.8 (3.4) 19.9 (2.8) 0.001
HRQoL

Bold type indicates statistically significance.
HRQoL, health-related quality of life
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Table 4. Science, Technology, Engineering, and Math-Capacity Scores Pre-Intervention and Post-Intervention,
Stratified by Learning Duration (n=120)
Overall First semester Two or more semesters
Pre- Post- Pre- Post- Pre- Post-
intervention intervention intervention intervention intervention intervention p-Value of
STEM capacity score (SD) score (SD) score (SD) score (SD) score (SD) score (SD) interaction
Leadership 1.3 (0.8) 1.7 (0.5) 1.1 (0.8) 1.7 (0.4) 1.6 (0.7) 1.8 (0.5) 0.004
Teamwork 1.3 (0.7) 1.6 (0.5) 1.0 (0.7) 1.5 (0.6) 1.5 (0.6) 1.7 (0.5) 0.023
Science relevance 14 (0.7) 1.7 (0.5) 1.2 (0.7) 1.7 (0.5) 1.6 (0.6) 1.8 (0.4) 0.026
Sustainability relevance 0.9 (0.8) 1.8 (0.5) 0.6 (0.8) 1.8 (0.4) 1.3 (0.7) 1.7 (0.5) <0.001
STEM self-efficacy 1.0 (0.8) 1.7 (0.5) 0.8 (0.8) 1.7 (0.5) 1.2 (0.8) 1.7 (0.6) 0.001
Science interest 1.2 (0.7) 1.5 (0.6) 1.1 (0.7) 1.6 (0.5) 1.4 (0.7) 1.4 (0.7) 0.005
Overall STEM capacity 7.0 (2.8) 10.1 (1.7) 5.8 (2.6) 10.1 (1.6) 8.5 (2.1) 10.0 (1.7) <0.001

Bold type indicates statistically significance.
STEM, science, technology, engineering, and math.

Qualitative results

The thematic analysis of the focus groups revealed
seven major themes: Engaging Learning Environment
(26% of the themes), Promoting Environmentally
Conscious Decisions (39%), Family Engagement
(6%), Promoting Healthy Behaviors (6%), Promot-
ing Physical Activity (9%), Leadership and Team
Building Skill Development (4%), and Academic
Support and Mentorship (10%). Figure 3 shows the
distributions of the themes by school and overall.

Table 5 displays each theme with representative
quotes from the focus groups.

NBE mentor and schoolteacher perceptions

of impact

A total of 49 NBE mentors and 5 schoolteachers com-
pleted a post-survey on their perceptions of the NBE
impacts on the SLPS students. Every NBE mentor
and SLPS teacher indicated that the NBE intervention
was beneficial for the SLPS students. Answers to why
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FIG. 3. Theme distribution from SLPS student focus groups by school.
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Table 5. Examples of Quotes from St. Louis Public School
Student Focus Groups by Theme

Theme Sample quote

Engaging Learning Environment

| would do it again because it was educational. | liked all
the field trips, the activities. They were just so much
fun. | enjoyed this program and I'd love to do it again

[Before the program] we used to do these [lessons] in our
workbooks. Just doing work, being bored... When they
came we did activities and stuff like that. They made
learning fun.

We were exploring things, and we got to see things that
we don't see, usually

| like how the field trips relate to what they talk about

Promoting Environmentally Conscious Decisions

| started recycling more and stopped wasting food

| started recycling more and | started reusing water
bottles and stuff

We live in environment, so we should, like, take care of
our environment, like pick up trash and stuff

Family Engagement

My momma she was trying to plant this plant and |
showed her how to do it, how to prepare, how to plant
those... | showed her how to water and stuff to grow it

Like we have soda cans in those little plastic thingies, the
rings and stuff like that. My mom doesn’t buy those
anymore... She buys the one with the cardboard, and
then she reuses it to make art projects and stuff like
that. Then metal straws. We use metal straws [now].

I told her [my mom] an interesting fact we learned, ‘cause
| like to learn facts ‘cause it makes me seem smarter
than her, so | just told her

Promoting Healthy Behaviors

We learned the difference between vegetables and fruit
and that they have... calories and fat

| learned to read the nutrition thing on the back of foods
to see how much calories you are eating

They were talking about calories and some good foods
that we can eat to keep us healthy

Promoting Physical Activity

To go to the store, instead of—if it's a short distance we
just walk instead of taking the car all the time

| would say put down the screens and go outside and
enjoy what's around you instead of staring at your
screen

Leadership and Team-Building Skill Development

| learned how to work with people, and the thing is you
could actually learn from

We had to learn about a specific topic and then teach
sixth-graders about the topic we learnt about

Academic Support and Mentorship

They were nice, and they helped us with our work, and if
we didn’t want to do it, they would talk to us and see
what happened or a bad day or stuff like that

They were sweet and respectful to us, and... every time
we need their help, they would always come and help
us when we needed it.

Something that | liked most about the... program was
that they helped us understand things that if we didn't
get it, they would help us slowly figure it out and give
us chances to figure it out ourselves before they just
told us what the answer is

If we have something to do and they'll actually help us
make it, turn it into a fun lesson so that we can
understand
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the NBE intervention was beneficial for the children
varied; however, four major themes appeared: (1)
Enriched Educational Experiences, (2) Increased Envi-
ronmental Awareness, (3) Novel Experiences, and (4)
Behavioral Change. Table 6 displays each theme with
representative quotes.

Figure 4 shows the NBE mentors’ and schoolteach-
ers’ perceptions of NBE’s impact on the SLPS students.
Approximately 98% of NBE mentors and schoolteach-
ers agreed or strongly agreed that NBE helped the SLPS
students better grasp scientific topics, 83% agreed that
NBE helped the SLPS students’ mental well-being, 72%
agreed that NBE helped with the SLPS students’ phys-
ical well-being, 72% believed that NBE taught the SLPS
students leadership skills, and 87% agreed or strongly
agreed that NBE taught the SLPS students teamwork
skills.

Discussion

This study evaluated an NBE intervention’s influence
on the HRQoL and STEM capacity for low-income,
urban, black and Hispanic children. We observed
significantly higher scores in every HRQoL and
STEM-capacity domain after the completion of the
intervention. These findings are consistent with a
growing body of evidence that nature contact and
environmental education improve health outcomes
and scientific engagement®”>**** and supports future
research with stronger study designs addressing NBE as
a sustainable method to reducing health and educa-
tional disparities for low-income, urban, black and
Hispanic youth.

We found significant interactions with age and the
improvement in the physical health functioning, social
functioning, and overall HRQoL domain scores; older
children (12-15 years of age) had larger improvements
from the intervention than younger children (10-11
years of age). The older children had lower physical
health functioning HRQoL pre-intervention scores
than the younger children. This could be caused by
the well-documented decline in physical activity for
children during the transition from elementary to mid-
dle school.®® In addition, there is a large body of evi-
dence that suggests children experience increased
social problems and decreased HRQoL before and dur-
ing middle school.®®®” This might account for the
lower pretest scores we observed in older children for
social functioning and overall HRQoL domains. After
the intervention, all three age brackets had approxima-
tely the same social functioning and overall HRQoL



Table 6. Examples of St. Louis Public School Teacher and Nature-Based Education Mentor Responses
to “Why Was the Nature-Based Education Intervention Beneficial to Your Students?”

Grade
working
Theme Sample quote School with Position
Enriched Educational Experience
NBE makes students love science and look forward to practicing science, reading, and writing. 1 8 SLPS teacher
It allows students to think outside of the classroom.
It gives the students to learn in a fun and interactive way. 2 6 NBE mentor
Increased Environmental Awareness
NBE both teaches them environmental information that they may not be getting in their 2 6 NBE mentor
normal classes, makes them think about the world in a different way, and gives them a
break from normal schoolwork in the day.
The students were able to learn about the environment and sustainability. This is information 1 6 NBE mentor
that they otherwise might not receive in school, even though it is very important to learn
about.
The students were able to learn about the environment and sustainability. This is information 2 6 NBE mentor
that they otherwise might not receive in school, even though it is very important to learn
about.
I think it's very beneficial to the students. On trips, they not only make meaningful 3 5 NBE mentor
experiences, but also develop connection to the outdoors that no textbook can provide.
Novel Experiences
Yes, | think GGO is beneficial to the students because they got to see, try, and do things 3 5 SLPS teacher
they've never done before... It's a good experience for the students and the teachers.
Most of the time what we teach them or when we go on trips, they are doing things that 2 6 NBE mentor
they’ve never done before and seem genuinely interested.
Behavioral Change and Students Reaching Full Potential
The students have a lot to say once you get them motivated. They are very smart, and this 2 6 NBE mentor
organization helps them realize their true potentials.
| can definitely see improvements in the students’ behavior when learning inside the 1 7 NBE Mentor
classroom and when learning outside during field trips.
A great number of students talk about how much they learn and tell me how much the 2 6 NBE mentor
lessons have changed their perspectives.
NBE, nature-based education; SLPS, St. Louis Public School.
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FIG. 4. NBE mentor and school teacher perception of impact.
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domain score. Similarly, a 3-year cohort study found
increased time spent outdoors significantly was associ-
ated with increased physical activity and decreased
obesity for older children (10 to 12 years of age), but
the association was not observed in younger (5-6
years of age) children.”'

We also found significant improvements in all
STEM-capacity domain scores, confirming past re-
sults.*>®® Our study also found significant interactions
with the duration a student participated in the inter-
vention and the differences between the pre-
intervention and post-intervention STEM-capacity
scores, and that outdoor classes increased long-term
knowledge retention for students. Together, these re-
sults support the idea that multiple years of NBE
could increase its benefits.

There is little agreement on how to define exposure
for both nature contact and environmental education.
Exposure to nature includes duration, frequency, and
magnitude or intensity of exposures. Currently, the
majority of nature-contact exposure science studies
focus on the magnitude and frequency of nature con-
tact, not duration.”” Magnitude or intensity of exposure
is also poorly quantified, but clearly, there is a range of
intensities from a single plant in a hospital room to
multiday wilderness camping trips. One study of adults
in England found that spending at least 120 min a week
in nature significantly increases the likelihood of
reporting good HRQoL compared to those who had
no nature contact.”” However, additional research is
required to better understand the dose-response rela-
tionship between NBE and nature contact with benefi-
cial outcomes.”

As in past studies, our thematic analysis of focus
group responses revealed that NBE promotes an engag-
ing learning environment, promotes environmentally
conscious decisions, engages family, promotes healthy
behaviors and physical activity, as well as develops
leadership and team building skills.**** One study
reported that NBE was a worthwhile addition to the
middle school curriculum by promoting physical activ-
ity, teaching leadership and teamwork, promoting en-
vironmental stewardship, and offering relevant and
memorable learning experiences.”” Our results are
also consistent with these findings.

This study has several limitations. First, this develop-
mental study had a modest sample size and duration.
Second, the study population consisted of children
from an urban public school system in St. Louis, Mis-
souri, potentially reducing generalizability. Third, this
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study did not include a control group. Finally, our
STEM-capacity instrument has not been validated, al-
though it was based on research on the educational
outcomes of environmental education.

Future research should use improved study design
with the inclusion of control groups to strengthen esti-
mates of the effects of this NBE on children’s HRQoL
and STEM capacity and consider longer follow-up of
health and academic outcomes. In addition, results
from our focus groups suggest several potential moder-
ators of the effects of NBE, such as stressful life events.
Measures of these stressors could strengthen future
evaluation studies. Surveys or focus groups of the par-
ticipating children’s guardians on their perceptions of
the NBE intervention’s impact would also strengthen
future studies. In the United States, educational and
health disparities are often rooted in structural inequi-
ties, and additional research is needed, examining ef-
fects of the NBE in different school settings, as well
as research comparing other forms of NBE (e.g., sum-
mer camps, educational programs at botanical gardens,
and outdoor adventure education). The evaluation of
NBE interventions in nonminority schools and in
high-income public and private schools could help de-
termine to what extent NBE reduces health and educa-
tional disparities. Future research should also explore
dose-response relationships for NBE by examining
interventions of different durations (e.g., 1 week,
1 month, and 1 year).

Conclusion
Our study found that low-income, urban, black and
Hispanic children significantly improved their

HRQoL and STEM capacity after participating in an
NBE intervention in St. Louis, Missouri. These results
support the need for more rigorous examination of
the potential effects of this NBE intervention as a
low-cost and sustainable method for improving
HRQoL and STEM capacity for students at low-income
schools. Larger studies with the inclusion of objective
measures of behavioral and educational outcomes, a
control group of students not participating in an
NBE intervention, and a high-income population par-
ticipating in NBE intervention will better investigate
how NBE would be a feasible solution for reducing
health and educational disparities.
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