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ABSTRACT ARTICLE HISTORY
What is the availability and distribution of single-day environmental  Received 16 February
education field trip programs for adolescent students across the US.? 2023

We assessed the spatial accessibility to EE field trip programs for U.S. ~ Accepted 12 July 2023
schools that serve grades 5-8 (ages 10-14) by (1) compiling a compre- KEYWORDS

hensive national database of 2,930 EE providers that offer field trip Spatial Accessibility;
programs, (2) identifying 89, 311 middle schools’ locations, student pop- constraints;

ulations, and relevant demographic information, and (3) calculating drive Environmental education;
times between schools and EE provider locations using a high-performance ~ barriers to participation;
computing cluster. We then used the integrated Floating Catchment Area Education

method to calculate each school’s relative spatial access to EE field trip

providers. Results suggest that spatial access was highly spatially clus-

tered, particularly around several geographic regions (coastal California

metropolitan areas, the southern Rockies, northern Kentucky, North

Carolina, the western shore of Lake Michigan, and the high-density,

contiguous metropolitan areas of the Northeast). Spatial access was also

strongly related to partisan lean and urbanity, with more rural, White,

and Republican-leaning areas generally having significantly less spatial

access to EE field trips.

1. Introduction

The field of environmental education (EE) aims to cultivate awareness, appreciation, and under-
standing of the natural environment as well as the attitudes, skills and motivations needed to
address challenges associated with climate change, pollution, and environmental degradation
(Crutzen 2006; IPCC 2021; UNESCO 1977). Effective EE programs have been shown to influence
each of these outcomes in addition to social-emotional learning, academic achievement, and
general satisfaction and enjoyment (Ardoin et al. 2018; Powell et al. 2019; Stern, Powell, and
Hill 2014). While EE programs can range from brief interactions to multi-day excursions for a
wide variety of audiences, much of the field focuses on educating youth, especially student
groups (Ardoin et al. 2018). In the United States, these programs commonly are comprised of
school field trips for students, lasting a day or less in duration. This particular form of EE has
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the potential to serve a broader cross-section of the public than more costly programs such as
multi-day and overnight programs and are offered in wide array of contexts (e.g. Stern, Powell,
and Frensley 2022).

Despite the broad benefits and commonly low costs of EE field trip programs, attending a
field trip program requires schools to overcome a range of potential barriers, including trans-
portation challenges and other costs associated with attending; perceptions about the alignment
of curricula and standards of learning; cultural factors related to obtaining parental permission;
teachers’ attitudes toward the experience; and bureaucratic and administrative challenges (Stern,
Wright, and Powell 2012; Xiao et al. 2017; Anderson, Kisiel, & Storksdieck, 2006). While each of
these barriers to EE accessibility has been identified through prior research, spatial accessibility
(supply, distribution, and travel times) may also limit participation. We know of no large-scale
investigation of the spatial accessibility (supply, distance, and travel time) of single-day EE field
trip providers for schools across the U.S. Thus, the purpose of this paper is to investigate spatial
access to day-long EE field trips for adolescent youth (grades 5-8) across the U.S. by addressing
the following research questions:

1. Is spatial access to EE field trips for students in grades 5-8 (ages 10-14) equitably dis-
tributed across the U.S.?
2. If spatial access to EE field trips for students in grades 5-8 (ages 10-14) is inequitably
distributed:
a.  Which areas have significantly greater or lesser spatial access?
b. Is spatial access related to sociodemographic (rurality, socioeconomic status, race)
and cultural context (political)?

We focus our study on spatial accessibility of EE field trips for grades 5-8 because of their
prevalence in the U.S and these ages, (10-14), represent a critical period of cognitive and moral
development in which children generally develop higher-level thinking, stronger connections
to nature, and important twenty-first century skills (Ardoin et al. 2018; Kahn and Kellert 2002;
Kohlberg 1979; Piaget 1964).

2, Literature review: spatial accessibility

Spatial accessibility represents both the availability (supply) of a resource as well as its acces-
sibility (distance and travel time) (Guagliardo 2004; Penchansky and Thomas 1981). Concepts
of accessibility, as well as increasingly sophisticated methods of its measurement, have developed
primarily in the medical field. Though the bulk of investigations and advancements have emerged
from healthcare studies, researchers have adapted and expanded accessibility modeling in a
diversity of other contexts, including green space and natural protected areas (Chang and Liao
2011; Li et al. 2019; Tan and Samsudin 2017; Wang, Brown, and Liu 2015; Wen et al. 2013; Wu
et al. 2020; Xiao et al. 2018), ecosystem services (Ala-Hulkko 2020; Ala-Hulkko et al. 2016), food
deserts (Bao et al. 2020; Dai and Wang 2011), banks (Langford, Higgs, and Jones 2021), schools
and childcare (Chen, Zhou, and Yeh 2020; Fransen et al. 2015; Talen 2001), public transit
(Jomehpour Chahar Aman and Smith-Colin 2020; Lee, Sohn, and Heo 2018), casinos (Papineau
et al. 2020), and fire stations (Kc, Corcoran, and Chhetri 2020).

Spatial accessibility measurement began simply. At first, the ratio of resource availability to
the size of the population within defined geographic regions, such as city or state boundaries,
was used as the standard metric (e.g. supply/demand, population density, or per capita calcu-
lations). In the accessibility literature, this is known as the “container approach” or, in the
healthcare context, the population-to-provider ratio. This sort of metric is familiar to most and
remains useful and appropriate in many contexts. However, it fails to account for the permeable
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nature of the area’s boundaries. People’s use of resources like hospitals or, in our study, EE
providers is not limited by political boundaries (i.e. they are permeable). A middle school class
in Kansas City, Missouri is not barred from, or likely to avoid, attending an EE field trip at a
nature center across town in Kansas City, Kansas just because it is technically located in another
city, county, and state. This is a well-known problem in geographic research referred to as the
modifiable areal unit problem, or, MAUP (Fotheringham and Wong 1991).

The “gravity model” was developed to address the MAUP. This model assumes that human
movement and spatial activity mirror Newton’s law of gravitation, meaning that the “pull” of
an available resource on an individual is driven by its nearness and “attractiveness,” or, size
(e.g. the closer and larger the hospital, the more likely it is to be used). The gravity model
has been generalized and applied to diverse human behavior, from retail decisions to migra-
tion and transportation, and was popularized as a metric of spatial accessibility by Hansen
(1959), Weibull (1976), and Joseph and Bantock (1982). Although gravity models of spatial
accessibility are still used by some researchers (Chang and Liao 2011; Zhang, Lu, and Holt
2011), and they are an improvement over container-based ratios, the basic gravity model is
limited by the difficulty of determining the correct gravity decay function (B; how does the
pull of the resource diminish over distance) and by the lack of adjustment for a population’s
demand (Guagliardo 2004).

Luo and Wang (2003) were the first to propose a special case of the gravity model that they
called the Two-Step Floating Catchment Area method (2SFCA). Their basic formulation and
numerous extensions and variations have become the state-of-the-art method in spatial acces-
sibility studies. Known collectively as FCA (floating catchment area) methods, they essentially
function by applying the simple supply/demand ((S,/P,) ratio to a “catchment area” around each
supply location (y) that is defined by a maximum reasonable travel distance (Cy,,) and calculated
using the sum of demand at all population locations (x) that fall within the catchment area.
The equation then sums the newly calculated supply/demand ratios of those supply locations
that fall within each population location’s own catchment area, thus producing a spatial acces-
sibility index value for every population location (Al,). The method can be depicted in the
following formula and visually as in Figure 1:

S

_ y
Al _zye(d <C, )er( p

vy <Clob
X
dy<Coiop )

FCA methods have clear advantages over earlier models of spatial accessibility. Most
importantly, they can be interpreted in the same way as the simple supply/demand ratio.

O EE provider catchment area

School catchment area
Vs ® School location

0~ Teel 2 i ® EE provider location

Figure 1. Visualization of the basic 2SFCA method applied to the EE field trip context, adapted from Ye et al. (2018).
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They also account for both supply and demand within a meaningful areal unit that is fitted
to each individual supply and demand location (i.e. maximum reasonable travel distance).
In the basic 2SFCA formulation, however, several deficiencies still remain, and many research-
ers consider it too simplistic (McGrail and Humphreys 2009; Saxon and Snow 2020). These
critiques are that: (1) the model’s catchment areas, while meaningful, remain fixed even
though maximum reasonable travel distance from a population location (or, willingness to
travel) would likely vary based on the presence or absence of nearby supply; (2) no distance
decay function is included, even though we would expect individuals to prefer nearer supply
over that which is farther away; and (3) competition between supply locations for the finite
demand of a population location is ignored, even though demand at a supply location
would obviously be higher if it were the only supply in the area rather than if multiple
supply locations were present (Bauer and Groneberg 2016; Saxon et al. 2022; Wan, Zou,
and Sternberg 2012).

A suite of variations and extensions of the 2SFCA model have been proposed to address
these limitations. Most frequently, investigators have made improvements by incorporating a
variety of distance decay functions into the model (Bryant and Delamater 2019; Dai and Wang
2011; Hu et al. 2020; Luo and Qi 2009; Wu et al. 2020), Several authors have also incorporated
variable catchment areas (Luo and Whippo 2012; McGrail and Humphreys 2014) and functions
to account for competition (Luo 2014; Wan, Zou, and Sternberg 2012).

For our analysis we have chosen to use an FCA method developed by Bauer and Groneberg
(2016) that integrates and improves on the advancements made by other versions of the FCA,
which they call the integrated Floating Catchment Area method (iFCA). It does so by: (1) apply-
ing a logistic distance decay function that is shaped individually for each population location
using the standard deviation and median of population-to-provider distances within a global
maximum catchment area; (2) calculating an effective catchment area size for each population
location defined by each density decay function’s asymptotic approach to zero; and (3) incor-
porating the Huff model (Huff 1964) to account for competition between supply locations. We
consider this model to be the most advanced currently in use.

3. Methods

The intent of our investigation is to assess the spatial accessibility to single-day EE field trip
programs for schools that serve grades 5-8 in the United States. To do so, we: (1) compiled a
national database of EE providers that offer programs of this type, (2) identified middle schools’
locations, student populations, and relevant demographic information from the National Center
for Education Statistics, and (3) used a high-performance computing cluster to calculate drive
times between schools and EE provider locations at scale. Next, we used the integrated Floating
Catchment Area method to calculate each school’s relative spatial access to EE field trip pro-
viders. Then we identified meaningful spatial and demographic trends in this data using a set
of common statistical analyses.

3.1. EE provider locations

At the time of the study, no complete national database of EE providers existed. While some
state-level lists and databases had been compiled by state agencies or North American Association
for Environmental Education (NAAEE) affiliate organizations, many other states had no such
information available. Moreover, even where they did exist, many contained out-of-date or
partial information. Consequently, we compiled our own database. We attempted to identify all
EE providers that deliver single-day field trip programming for students in grades 5-8. We fol-
lowed the same search and compilation procedure for EE providers in all 50 states (and
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Washington, D.C.) to avoid systematically over- or under-representing any one of them. This
also ensured that, should any deficiencies exist in our search procedure, they were equally
present across the study area.

Our dataset was compiled between February 2020 and May 2022 by extensively checking
countless potential providers’ web sites for evidence that they offered field trip programs that
meet our inclusion criteria (that is, the potential provider offered single-day field trip programs
for student groups in grades 5-8). For each state we identified as many potential providers as
possible for evaluation using the following steps:

1.

6.

We identified 37 state level EE provider databases and lists. We reviewed all provider’s
webpages to ensure compliance with our inclusion criteria.
Several state NAAEE affiliates did not have a database but contacted their listservs and
requested provider information on our behalf.
We reviewed the websites for all units of relevant U.S. federal agencies (National Park
Service, Forest Service, U.S. Fish and Wildlife Service, National Oceanic and Atmospheric
Administration, Bureau of Land Management, Army Corp of Engineers) for compliance
with our inclusion criteria.
We reviewed the websites for all units of relevant state agencies (including conservation
districts and departments of state parks and preserves, agriculture, forestry, fishing,
wildlife, natural resources, conservation, and environmental protection) for compliance
with our inclusion criteria.
Comprehensive lists of many of the most common EE provider types existed on Wikipedia
for each state. All such lists were exhaustively checked for compliance with our inclusion
criteria. They were:
f.  Nature centers (https://en.wikipedia.org/wiki/List_of_nature_centers_in_the_
United_States)
g. Botanical gardens and arboretums (https://en.wikipedia.org/wiki/List_of_botanical_
gardens_and_arboretums_in_the_United_States)
h. Zoos (https://en.wikipedia.org/wiki/List_of_zoos_in_the_United_States)
i.  Aquaria (https://en.wikipedia.org/wiki/List_of_aquaria_in_the_United_States)
j.  Science centers (https://en.wikipedia.org/wiki/List_of_science_centers_in_the_
United_States)
k. Natural history museums (https://en.wikipedia.org/wiki/List_of_natural_history_
museums_in_the_United_States)
. Farm museums (https://en.wikipedia.org/wiki/Category:Farm_museums_in_
the_United_States)
m. Environmental research institutes (https://en.wikipedia.org/wiki/
List_of environmental_research_institutes#United_States)
n. Smithsonian Institute affiliates (https://en.wikipedia.org/wiki/Category:Smithsonian_
Institution_affiliates)
o. Wildlife rehabilitation and conservation centers (https://en.wikipedia.org/wiki/
Category:Wildlife_rehabilitation_and_conservation_centers)
p. Fish hatcheries (https://en.wikipedia.org/wiki/Category:Fish_hatcheries_
in_the_United_States)
If any of the previous steps led to the discovery of additional lists of EE providers (e.g.,
city/local area provider lists), these providers, too, were systematically checked against
our inclusion criteria.

This procedure produced our final national dataset of EE providers (n=2,930) (Figure 2).
While we acknowledge that this dataset is inevitably incomplete, we believe it represents the
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Figure 2. Locations of EE providers in the U.S. that offer single-day field trip programming for students in grades 5-8
(n=2,930).

* School locations
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Figure 3. Locations of schools in the U.S. with students enrolled in grades 5-8 (n=83,911).

most comprehensive snapshot of providers of single-day EE field trip programs ever developed
in the United States.

3.2. School locations, populations, and sociodemographic data

We identified middle schools’ locations, student populations, and relevant demographic infor-
mation using databases made available by the National Center for Education Statistics (i.e.; the
“Public Elementary/Secondary School Universe Survey,” “Private School Universe Survey,” and
“Education Demographic and Geographic Estimates — Locale Classification”). All schools, both
public and private, with any students in 5%-8"" grade were included in our dataset (Figure 3).
We also collected data on each school’s urbanity, total 51-8™ grade student population, percent
of students receiving reduced or free lunches, and number of students representing each stan-
dard Census Bureau racial category. All data represented the 2019-2020 school year. This was
the most recent school year with complete data for both public and private schools. We also

calculated a metric of overall racial diversity using Shannon’s Index and student body racial
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data. Shannon'’s diversity index has been used to quantify diversity across many contexts, most
commonly in ecological studies, but also as a useful metric of racial and ethnic diversity in
education research (Akay et al. 2017; McLaughlin, McLaughlin, and McLaughlin 2015; Morris
et al. 2014; Shannon 1948). Additionally, we used FiveThirtyEight's 2022 state-level “partisan
lean” dataset (https://data.fivethirtyeight.com/) to explore the relationship between politics and
access to EE field trips. This dataset represents partisan lean as the average difference between
each state’s voting record and the voting record of the entire U.S., using for its calculation the
results of the 2016 and 2020 presidential elections, as well as the statewide popular vote in
the 2014, 2016, 2018, and 2020 state legislative elections.

3.3. Global catchment area calculation

The global catchment size (C,,,)—defined in this study as the maximum drive time schools are
willing to travel one way for a single-day field trip—is an important metric in the accurate esti-
mation of a given resource’s spatial accessibility. Despite its importance, empirical data on the
average maximum distance a study population would be willing to travel to access a particular
resource is generally scarce. As a result, many are forced to use educated guesses, rules of thumb,
or local knowledge (e.g. 30min is often considered a reasonable threshold in the literature for
people’s willingness to travel to a primary care physician; Guagliardo 2004; Luo 2014; McGrail and
Humphreys 2014). Fortunately, however, our research team collected a robust dataset of schools
in the U.S. that attended EE field trips (n=138) as part of another study conducted in 2018 that
focused on identifying the programmatic characteristics associated with more positive participant
outcomes (see: Powell, Stern, and Frensley 2023; Dale et al. 2020; O’Hare et al. 2020; Stern, Powell,
and Frensley 2022). Travel times between each school and the EE field trip provider that they
visited were calculated using the routing engine described below (see Travel time calculations). In
this nationwide sample, 95% of drive times for school-EE provider pairs (n=133) were equal to
or less than two hours, thus guiding our choice to set C,,, = 120min.

3.4. Travel time calculations

In order to estimate spatial accessibility using FCA methods, the most critical—and computa-
tionally intensive—data needed is a matrix of origin-to-destination travel times. Nearly all school
groups transport students to and from field trips on buses, so for this study we calculated a
matrix of the time it takes to drive from all schools to all EE providers using the 5.26 release
of the Open Source Routing Machine (OSRM), an open-source, high-performance C++ routing
engine capable of rapidly calculating very large sets of origin-to-destination travel times (Luxen
and Vetter 2011). We started by loading a Docker container of OSRM 5.26 onto Clemson
University’s Palmetto High-Performance Computing Cluster using Singularity and the latest
OpenStreetMap data extract for the complete U.S. road network. This procedure created a
queryable “instance” of OpenStreetMap on the Palmetto Cluster, allowing us to feed the geo-
graphic coordinates of the schools and EE providers into the routing engine and calculate an
origin-to-destination travel time matrix (Table 1). We then amended the resulting matrix to
include only those school-EE provider pairs whose travel time was two hours or less, producing

Table 1. Travel time matrix calculation steps.

# of calculations 0-D pairs removed
83,910 schools * 2,930 EE providers 245,856,300 242,341,271
(travel time from every school to every provider)
Travel time <= 2h 3,515,029 -

(global max. driving distance)
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a dataset of the travel times from every school to every EE field trip provider that falls within
the global maximum willingness-to-travel threshold (C,,;,) of each school.

OpenStreetMap is a robust representation of the U.S. road network, so very little data cleaning
was needed. Only in the rural communities of Alaska that are wholly inaccessible by road was
a correction to calculated travel times necessary. In these cases, OSRM calculated the travel
time between each EE provider and the point on the road network nearest to each of these
road-inaccessible schools, which could be hundreds of kilometers away, rendering this value
inaccurate and useless. For these schools, we corrected their distance to all EE providers, chang-
ing their matrix values to N/A, which most accurately indicated in the model that there were
no EE providers available for these schools.

3.5. The iFCA model
Our iFCA model can be stated as follows,

S, *fug () fin ()

Al = 3
x Zye(d,(yﬁcx)z P *f ) Prob

xe(dxy <C, ) adj (

demand

where Al is an index of potential spatial access for school x, S, is EE provider capacity at location
y (Sy = 1 in all cases), P, is the 5-8™ grade student population size at school x, ad/(dy) is the
adjusted and f,,(d,,) the constant distance decay function applied to the distance d,, between
school x and EE provider location y. The distance decay functions take the following forms,

7[(Median)*7r ]
1+e s0"3
fﬂdf (dXY) = (dy ~Median )7
l+e 03
Soob |, .
2
| Dy "3
T+e
fwn (dxy ) = (dy=Cgion/2) 7
1+e Do’ v

where Median is the median distance and SD the standard deviation of d,, within the global
catchment area (C,;,) around school x, and SD,, is the global standard deviation where f_,(C,,)
= 0.01, which can be stated as

o - m*In(e)*C,p
70 2% /3*In(100)

Finally, the probability of demand function, meant to account for competition and adapted
from the Huff model (Huff 1964), can be stated as

S, o (d,)
_ y ‘adj
Probdgmand - zze(du o z*fad/ (d )

where the probability of demand from school x on EE provider y depends upon the presence
of other EE providers z within the effective catchment area of school x (C,)
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3.6. Statistical analyses and data management

To statistically identify the spatial areas of high and low access to EE field trips, we used the
Global Moran’s | test for spatial autocorrelation across the entire dataset and the Getis-Ord Gi*
test for identifying statistically significant localized clusters of high and low values (i.e.; “hot” and
“cold” spots). Much like ANOVA tests, the Global Moran’s | test is a “global” measure that describes
the dataset as a whole—able to discern whether statistically significant clustering of access scores
is present in the dataset, but unable to identify the specific clusters. Where post hoc tests would
be used to solve this problem in ANOVA analyses, the Getis-Ord Gi* test is used here to identify
the location and extent of these statistically significant clusters of high and low access. For
Getis-Ord Gi* analyses, we used the “zone of indifference” conceptualization of spatial relationships
(which combines features of inverse distance and fixed distance bands) and applied False Discovery
Rate corrections to account for multiple testing and spatial dependence.

The Global Moran’s | statistic can be calculated at different spatial scales by using different
distance thresholds. Additionally, z-scores from these tests can be compared to determine at
which distance clustering is most intense, with higher scores indicating greater clustering. Here,
we performed the calculation iteratively and incrementally across a wide range of distances to
determine whether clustering of access to EE field trips is primarily local, regional, national, or
cross-scalar and to identify appropriate distance thresholds for use in the Getis-Ord Gi* calcu-
lation. First, we calculated Global Moran’s | starting at 5 kilometers and increasing in 5 kilometer
increments up to 150 kilometers, and then again starting at 150 kilometers and increasing in
10 kilometer increments up to 300 kilometers. Finally, spearman correlations, t-tests, ANOVAs,
and linear regression were used to probe the relationships between sociodemographic factors
and schools’ relative access. All data management and spatial and statistical analyses were
conducted using ArcGIS, QGIS, R, SPSS, and Excel software.

4, Results
4.1. Schools’ spatial access to EE field trips

For schools with students in grades 5-8 across the United States (n=83,911), spatial access to
EE field trip providers was not evenly distributed (Figure 4a). Clusters of high access scores
were immediately apparent in the Northeast, upper South and Southeast, Midwest, southern
Rockies, and coastal California. Large expanses of low access were apparent across many rural
regions of the country. The results of incremental spatial autocorrelation analysis (Global Moran'’s
I) confirm that this apparent spatial clustering of high and low access is both meaningful and
cross-scalar, with Moran’s | being statistically significant at all measured distances (Figure 5).
That is, high and low access scores are significantly concentrated in some regions of the country
at the national scale, concentrated in some metropolitan areas at the regional scale, and con-
centrated in certain towns, counties, and neighborhoods at the local scale. To investigate this
clustering at different spatial scales, we present Getis-Ord Gi* results that roughly depict “national”
(Figure 4b), “regional” (Figure 4c), and “local” (Figure 4d) trends, wherein each school’s access
score (Al) was compared to the access score of every other school within 200 kilometers, 75
kilometers, and 25 kilometers, respectively.

At the national scale (Figure 4b), the Getis-Ord Gi* test reveals that the pattern of clustering
depicts primarily high access concentrated in a handful of regions contrasted with low access
concentrated everywhere else. At this scale of comparison, there are very few schools that do
not form part of a high or low access cluster. The high-access “hearths” of EE field trips at this
scale were (1) the northeastern urban agglomeration that stretches from Washington, D.C. to
Boston, (2) western Lake Michigan (Chicago to Green Bay), (3) North Carolina & north Georgia,
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Figure 4. Maps depicting: (a) 5™-8t" grade students’ relative spatial access to EE field trips at schools across the U.S.; (b-d)
the Getis-Ord Gi* hot/cold spot statistic for schools’ access scores using neighborhood distance thresholds of: (b) 200
kilometers (national scale), (c) 75 kilometers (regional scale), and (d) 25 kilometers (local scale); and (e) schools (red dots)
that have no access to EE field trips within a two hour drive.

(4) Cincinnati-Louisville-Lexington, (5) the southern Rockies (Denver to Albuquerque), (6) the
San Francisco Bay area, and (7) coastal southern California (Los Angeles to San Diego).

At the regional scale level (Figure 4c) the overall pattern of clustering does not change
dramatically. Rather, many of the country’s schools remain in roughly the same expansive,
low-access cluster as at the national scale. The national “hearths” of high EE field trip access
roughly maintain shape but decompose somewhat to reveal high clustering in their constituent
metropolitan areas (e.g.; the North Carolina-north Georgia cluster splits into distinct clusters
centered around Atlanta, Asheville, Raleigh-Durham, and Wilmington), and several smaller regions
of high access that lie outside of these “hearths” emerge (i.e.; Charleston, SC-Savannah, GA; St.
Louis, MO; West Palm Beach, FL; Humboldt County, CA; Oahu, HI).

At the local scale (Figure 4d), the Getis-Ord Gi* test revealed that the large, contiguous
cluster of low access splits and clarifies into numerous smaller cold spots. The test also revealed
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Figure 5. Z-scores for the Global Moran’s | statistic computed at various distances (n=45), p<0.001 in all cases. Higher
z-scores indicate more intense clustering of high and low values.

that the “hearths” of high access continue to maintain their rough shape although they now
center on their metropolitan cores (e.g.; the southern Rockies hearth becomes distinct clusters
of high access centered around Denver, Colorado Springs, Santa Fe, and Albuquerque).
Furthermore, analyses at the local scale shows many schools, primarily in rural areas, no longer
are a part of statistically significant high access clusters. Consequently, at this scale, clusters
of particularly low access schools are distinguishable. In the western half of the contiguous
U.S., these significant cold spots represent the majority of population centers that are not
within a national hearth of high access. While in the eastern half, several regional clusters of
low access are now distinguishable that could not be identified at the coarser scales of com-
parison (e.g.; the rough cluster stretching from the central Appalachians through the Rust Belt;
north-central Florida; eastern Texas).

Finally, there are schools in our dataset that effectively have no access to EE field trip providers
(within a two-hour drive of school grounds). These schools are located primarily in very rural,
low-density regions of the U.S. (Figure 4e). In the West and Alaska, the majority of rural schools fall
into this category, while in the East there are only four, very small clusters of schools with no access
(i.e,; far northern Minnesota, southwestern Alabama, eastern West Virginia, and northern Maine).

4.2, Schools’ spatial access and student population characteristics

Spatial access to EE field trips, as represented by Al, and the number of EE field trip providers
within a two-hour drive, varies significantly between public and private schools and across
schools' relative urbanity (Table 2). Private schools have moderately higher access to EE providers
(d=0.26) and moderately more EE providers within a two-hour drive C,,, (d=0.23), about six
on average. Schools situated in “suburban” and “city” locales have about twice as much access
to EE providers (n? = 0.10) and twice as many providers nearby (n? = 0.15) as schools in “rural”
or “town” areas with a large effect-size.
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Figure 6. Density plots of Al,, along with median Al,, for each state. Density plots are ordered by states’ partisan lean in
recent elections (displayed numerically to the right of the graph), with states that have leaned most heavily towards Democratic
candidates at the top and those that have leaned most heavily towards Republican candidates at the bottom.

Spearman rank correlation analyses further reveal that all tested student body characteristics
(race, % FRLP, and # of students) are significantly correlated with schools’ relative access to EE
providers, though all of these relationships are fairly weak (Table 3). Larger student populations,
greater racial diversity, and greater proportions of Black, Hispanic, Asian/Pacific Islander, and
Hawaiian students are associated with greater access to EE field trips, while greater proportions
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Table 4. Linear regression of Al, on key school characteristics; F (9, 81509) = 4874, p<0.001, r? = 0.35. ‘% White’ was dropped
from the model due to extremely high multicollinearity with the other independent variables and ‘% FRLP" was not included
because it only exists for public schools. Negative signs indicate less access; positive signs indicate greater access.

B S.E. B t p-value VIF
Intercept 0.002111 0.0000256 82.521 <0.001
% Black 0.000007 0.0000004 0.059 18.493 <0.001 1.19
% Hispanic —0.000007 0.0000003 —-0.074 —22.240 <0.001 1.28
% Asian/Pacific Islander 0.000023 0.0000010 0.079 2341 <0.001 1.32
% Native American —0.000011 0.0000010 —0.031 —-10.460 <0.001 1.04
% Hawaiian —0.000052 0.0000031 —0.051 —17.005 <0.001 1.03
Racial diversity 0.000162 0.0000262 0.021 6.185 <0.001 133
Urbanity (binary)* 0.001017 0.0000198 0.184 51.443 <0.001 1.47
Public (binary)A —0.000263 0.0000221 —-0.037 —11.887 <0.001 1.09
State-level partisan lean* 0.000060 0.0000005 0.422 130.904 <0.001 1.19

* = suburban/urban (1) and rural/town (0); A = public (1) and private (0);
F = continuous scale in which Democratic lean is positive and Republican lean negative divergence from zero.

of students that are White, Native American, and eligible for free and reduced lunch are asso-
ciated with less access to EE field trips.

Partisan lean is significantly and strongly associated with schools’ median spatial access to
EE field trips at the state level, r(49) = .73, p < .001. This association is visually apparent in
Figure 6, in which states’ access to EE is displayed in descending order according to their relative
partisan lean, from most Democratic-leaning to most Republican-leaning states. With the excep-
tion of states like Washington, Oregon, lowa, Kentucky, and Tennessee, students in
Democratic-leaning states have significantly greater access to EE field trips, on average, than
do students in Republican-leaning states.

The distribution of spatial access to EE field trips also differs from state to state, with some
states like North Dakota, Utah, Rhode Island, and Washington, D.C. having relatively little vari-
ation in Al,, and others like Maryland, California, New York, and Pennsylvania exhibiting relatively
high variation (Figure 6). Additionally, while some states have a unimodal distribution, many
others have bimodal or trimodal distributions. These multimodal distributions indicate states in
which distinct clusters of higher and lower access are present. For example, Kentucky’s bimodal
distribution reflects the cluster of higher access around the Louisville-Lexington area in contrast
with the lower access elsewhere in the southern and eastern portions of the state (Figure 4).
Likewise, California’s trimodal distribution reflects the high access clusters in its coastal metro-
politan areas (Los Angeles, San Diego, and the Bay Area), low access in the Central Valley, and
moderate access everywhere else.

Finally, we regressed schools’ spatial access to EE field trips on school and student body
characteristics, thus producing a well-fitted, statistically significant model that explains 35% of
variation in Al, across our dataset (Table 4). When considered together, race and school type
have significant but relatively weak relationships with access to EE field trips, while urbanity
and partisan lean have significant and relatively strong relationships with access.

5. Discussion

The purposes of this study was to explore whether spatial access to day-long EE field trips for
students in grades 5-8 is equitably distributed across the U.S., to identify clusters of high and
low access, and to examine whether spatial access is related to sociodemographic context. We
used state-of-the-art spatial analysis techniques in conjunction with high-performance computing
systems to produce an extensive, fine-grained portrait of the relative spatial access to single-day
EE field trips across the U.S.

Our series of analyses at multiple scales (national, regional, and local levels) provide a series
of increasingly fine-grained analyses to provide an overall picture of spatial access to single-day
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EE field trip programs for adolescent youth. Overall, we found that spatial access were highly
spatially clustered, particularly around several geographic regions (coastal California metropolitan
areas, the southern Rockies, northern Kentucky, North Carolina, the western shore of Lake
Michigan, and the high-density, contiguous metropolitan areas of the Northeast). Spatial access
was also strongly related to partisan lean and urbanity, with more rural, White, and
Republican-leaning areas generally having significantly less spatial access to EE field trips.

These results lend deeper insight into the claim that BIPOC youth have less access to
EE programming (Children & Nature Network 2016). More specifically, our findings suggest
that issues related to diversity, equity, inclusion, and access for BIPOC youth appear to be
primarily aspatial in nature and stem from other issues such as historic systemic racism,
multi-generational poverty, and inequitable educational opportunities (Devine 2019; Hong
and Anderson 2006; Lawrence Hall of Science 2019; Rose and Paisley 2012; Le and Holmes
2012; Romero et al. 2022).

At the state level, relative outliers among Republican-leaning states, lowa and Tennessee,
may offer a template for increasing access to EE field trip opportunities. In lowa, the
majority of County Conservation Boards offer standards-aligned EE field trip opportunities
for local schools. Because there is one of these offices located in each county, universal
access to at least one EE field trip provider within a two-hour drive of school is virtually
ensured. In Tennessee, equitably/universally distributed access has been achieved through
the state park system, which offers EE field trips to school groups. Possible providers in
other states that could enhance spatial access to EE programming include State Park sys-
tems, Natural Resource Conservation Service (NRCS), libraries, or school district-employed
educators in partnership with local outdoor public spaces, to name a few viable options.
Direct state funding or financial incentives could be offered to train existing institutional
employees, promote these new field trip opportunities, and otherwise support the program.
While these interventions alone would not resolve nationwide disparities in access, even
one to two nearby options could go a long way toward reducing the prevalence of extreme
“cold spots” and complete lack of access, as teachers in the U.S. typically only take students
on an average of about 1-2 field trips per school year (Kenna 2019; Kenna and Russell
2015; Muse, Chiarelott, and Davidman 1982; Whitesell 2016).

While our analysis is the most robust assessment of nationwide spatial access to single-day EE
field trip programs for adolescent youth to date, several limitations and suggestions for future
studies should be considered. First, our study did not account for EE providers’ maximum student
capacity. Rather, the availability of EE field trips was represented by presence/absence at any
given location. A basic estimate of each provider’s relative student capacity (e.g. “large,” “medium,’
and “small” EE providers)—or even better, an estimate of the maximum number of students that
an EE provider could accommodate in a day or week—would produce a much more finely-tuned
estimate of schools’ relative spatial access to EE field trips. Second, some EE field trip providers
were undoubtedly missed by our search procedures. The U.S. is a large country and some providers
have much less public exposure or internet presence than others. Third, our study had a narrow
focus on day-long EE field trips. We did not account for online EE programs, residential and
multi-day field trip programs, and programs for other ages. As such, the results cannot be gen-
eralized beyond single-day field trip programs for middle school students (ages 10-14). For example,
Oregon provides funding to support universal access to residential multi-day environmental
education programming for 5-6™ graders (Sobel 2017; Powell et al. 2019). In our results, Oregon
appeared to have less access to programs even though students across the state have access to
these multi-day programs. Future studies that incorporate a broader array of offerings, as well as
younger and older audiences, would greatly improve understanding of overall spatial access to
EE. Finally, all of our analyses are correlational measures that do not offer any indication of what
forces shape the relative allocation of EE field trip sites.
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6. Conclusion

Despite the limitations discussed above, the study identified clear trends, elucidating issues
related to the availability and spatial distribution of day-long EE field trip programs. Overall,
the results indicate that urban and suburban students have greater spatial accessibility to these
programs. Thus, explanations of variable attendance in these areas are likely attributable to
aspatial barriers such as cost, transportation, limited marketing, cultural barriers, and perceptions
regarding meeting curriculum standards (e.g. Stern, Wright, and Powell 2012). Our results also
indicate that many rural students and schools have little to no access to EE field trip programs.
EE advocates should consider focusing efforts in these “spatial accessibility deserts” to address
spatial inequities and identify viable strategies for increasing the availability of EE for rural youth.
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