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Introduction
Springfield and the ECOS Program
Springfield, Massachusetts is a city of approximately 154,000 residents, located in Western
Massachusetts along the Connecticut River. The city was founded in the 1600s and bloomed during the
19th and 20th century as an industrial, commercial, and financial center. During the mid-late 1900s,
manufacturing shifted elsewhere and the city lost many of its higher paying jobs. As residents started
leaving the city, abundant housing attracted migrants from southern states and other countries (Foster
et al. 2006). During the 1960s, Springfield engaged in a process of Urban Renewal, removing, closing,
and relocating houses and businesses to make way for interstate highways and other developments.
Today, the city is primarily residential and retains a large amount of industrial jobs and land.
Springfield is also home to numerous greenspaces in the form of conservation land, cemeteries, and
public parks. The largest park in Springfield, Forest Park, was donated to the city in 1884 and has
served as a resource for biodiversity, recreation, and social gatherings ever since (Bischoff 1994). In
the 1970s, Forest Park embraced a more formal connection with environmental education in the form
of a Zoo and the ECOS (Environmental Center for Our Schools) program. ECOS began in 1970
through a collaboration between the Springfield Park Department and the Springfield Public Schools
(SPS), originally as part of the Elementary and Secondary Education Act’s Title III program. The
ESEA had the broad goal of combatting poverty through improved access to quality education for all
students.
Today, ECOS is a curriculum-based
environmental science education program
within SPS (see ECOS Mission Statement,
on the right). To achieve its mission, ECOS
brings SPS students from Grade 4 through
Grade 7 to Forest Park for two consecutive

ECOS Mission Statement
“ECOS provides outdoor environmental education for
the Springfield Public Schools using Forest Park as an
outdoor classroom. At ECOS, students engage in
scientific inquiry through the use of science and
engineering practices to develop an attitude of respect
and stewardship for the natural world.”

days (one day in Grade 7) throughout the school year to learn about nature and environmental science.
In Grades 4 and 5, students explore biodiverse habitats, do ecological science experiments, and learn
about history of Forest Park. In Grades 6 and 7, students apply lessons from thermal physics and
geography to outdoor activities such as fire-making, shelter-building, and orienteering.1 Activities are
led by dedicated ECOS teachers with backgrounds in environmental and science education. Classroom
teachers accompany their students to ECOS but do not deliver content during the program.
1

This paragraph describes the ECOS program as of the 2016-2017 academic year.
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The Program Evaluation
This study was initiated in 2015 by Evan Kuras, a Master’s of Science student at the University of
Massachusetts Amherst. Mr. Kuras was interested in young people’s experiences with biodiversity in
cities, in both formal and day-to-day settings. ECOS teachers and staff wanted to learn how their
program influenced environmental attitudes and behaviors. Mr. Kuras and the ECOS teachers
identified research questions Mr. Kuras could investigate as part of his Master’s research and in doing
so, provide insights that are difficult to obtain through traditional testing or other means.
ECOS teachers and staff worked with Mr. Kuras to articulate the purpose of the program evaluation: to
understand how ECOS influences students’ environmental attitudes and behaviors. Teachers
were also interested in understanding how their students experience nature outside of school and the
social and environmental context in which those experiences occur.
The Grade 4 program was selected for investigation for numerous reasons. First, students in Grade 4
learn about animal habitats and life cycles. This highly tactile, small-scale, and biodiversity-rich
curriculum is not only developmentally appropriate for students in middle childhood, but more
psychologically meaningful than learning about or interacting with larger elements of nature such as
forests or watersheds (Chawla 2007). Second, as it is the first year of the ECOS program we can ensure
that all participants are experiencing the program for the first time.2 Third, the Grade 4 program is
considered to be quite memorable. Indeed, ECOS teachers report that the two most common memories
adults share about ECOS are making fires for Winter Survival (Grade 6) and catching frogs in the pond
(Grade 4) (personal communication).
The results obtained from this study will be used for program improvement within SPS and beyond.
Stakeholders include ECOS teachers and staff, the SPS Science Director and Senior Leadership, and
elementary school teachers and administrators in SPS.

Theory of Change
The program evaluation was motivated by a “theory of change” that explains how resources and
motivations (“inputs”) within the school district deliver services to participants (“outputs”). Students
demonstrate outcomes after receiving these services, as shaped by their own social and environmental
contexts. Figure 1 and the text that follows illustrate the flow of inputs, outputs, contexts, and
outcomes, specific to the ECOS program.
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In Spring 2017, ECOS initiated a Grade 3 program. However, Grade 4 was the first year of ECOS for the
current study participants.
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Figure 1. The logic and theory motivating the program evaluation. Inputs from SPS and the ECOS
teachers lead to the Outputs of the program. Participating students demonstrate program Outcomes,
shaped by specific social and environmental contexts that affects how children make meaning of
environmental experiences in and out of school. The research survey conducted by Mr. Kuras
primarily measures Outcomes and Contexts in order to understand exactly how and why students’
interests in the environment change after participating in ECOS. Items directly measured in the survey
are underlined and italicized.
Inputs
As an academic program, ECOS aims to impart knowledge around four important 2006 Massachusetts
Life Sciences and Engineering Learning Standards.3 Specifically, students learn about plant biology
(#2), life cycles (#3) especially those of the frog and butterfly (#4), and photosynthesis and the food
chain (#11) (see A1: Learning Standards, pg. 34). Lessons and activities are led by dedicated ECOS
teachers with backgrounds in environmental and science education. ECOS teachers self-identify as
“outdoors people" and participate in environmental activities and nature appreciation beyond the
program (personal communication). The long history of ECOS shapes many of the activities that
teachers lead each session. Catching frogs in the pond and tasting the bubblegum tree, for example, are
traditions that many students expect to partake in, having heard about these activities from siblings,
parents, and even grandparents that went through the program. Indeed, ECOS is a rare environmental
education program in that it is multi-year and district-wide, ensuring that the majority of Springfield
residents have a connection to the program. As such, ECOS staff have honed a curriculum that
3

In spring 2018, the ECOS curriculum was updated to align with the 2016 standards.
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improves test scores, exposes children to the nature of Forest Park, and harnesses a community bank of
memory and expectations.
Outputs
During the Grade 4 ECOS program, students learn about animal habitats and life cycles by doing
activities in pond, field, and forest habitats. In each location, students catch small animals (bugs, frogs,
tadpoles) in order to understand the diversity of organisms that exist in different places and why. Grade
4 students also explore the nature of Forest Park through a “discovery hike” in which ECOS teachers
guide students through various habitats, discussing and answering questions about plants and animals
encountered along the way. Many classes also do a “silent sit” where students find a quiet place to sit,
listen to natural sounds, and reflect. Other classes do scavenger hunts for different natural elements
and/or do leaf rubbings. At the end of the program, students usually visit the “bubblegum tree” (Betula
lenta) and taste the minty stems. Throughout all these activities, teachers strive to impart a love of and
care for nature while also framing activities in terms of scientific inquiry, skill-development, and/or
confidence-building. Often, teachers will highlight feelings of appreciation and relaxation that can
come from being in nature (personal observations).
Beyond the two days that SPS students attend ECOS, they are surrounded by a community legacy
comprised of both formal and informal chatter about the program. To start, ECOS teachers visit each
school to conduct an orientation before that school comes to Forest Park. During the orientation, ECOS
teachers explain what students should expect to do and learn. Students then bring home Registration
and Permission Packets for parents or guardians to sign. Between the orientations and forms, students
have many informal opportunities to hear about ECOS. In the school setting, many classroom teachers
discuss ECOS activities as a way to reinforce science concepts throughout the year. Older students
may also talk about the program as younger students prepare to depart. Outside of school, many
students hear about the ECOS from parents, older siblings, and friends, especially when they bring
home the Registration and Permission Packet. Further, students may hear about ECOS when they visit
Forest Park for other reasons and see the building where ECOS takes place.
Contexts
A number of contextual factors influence the extent to which program inputs produce desired
outcomes, especially regarding environmental attitudes and behaviors. Past studies have found that
children’s emotions about nature can greatly influence their interest in participating in nature-based
activities (Cheng and Monroe 2012). For example, children who express disgust toward certain
activities are particularly keen to avoid those activities and associated places (Bixler and Floyd 1997,
1999). While this may be true for some ECOS students, for others a disgusting activity or one that feels
challenging may enhance their interest or confidence in doing that activity or talking about it with
5

others. In a grander sense, children that didn’t enjoy their time at ECOS overall may not be interested
in repeating those activities again. Further, aspects of students’ personal contexts may alter their
experiences with ECOS. Perceptions about what is appropriate for students of different gender, racial,
ethnic identities may influence how interested students are in repeating activities, for example (Kellert
et al. 2017; Zelezny et al. 2000).
A child’s general exposure to nature and previous experiences doing activities in nature may also
influence the extent to which ECOS fosters environmental attitudes and behaviors. Increasing
urbanization has placed the majority of city residents in nature-poor settings (Turner et al. 2004) such
that not all young people have access to wetland habitats for catching tadpoles, for example. Indeed,
numerous studies of both children and adults in cities show generally positive relationships between
greenness where individuals live, be it formal parks or grassy backyards, and how often residents visit
green areas and engage in physical activity there (Almanza et al. 2012; Lin et al. 2014). Mere exposure
can also increase familiarity with nature, such that nature experiences are more likely to be meaningful
if and when they occur (Clayton et al. 2016). Yet, although many cities have a surprising amount of
natural areas and biodiversity, urban populations tend to spend very little of their time intentionally
with nature (Cox et al. 2017).
Louv (2005) discusses a number of barriers that prevent children from spending time in nature,
including difficulty of access, safety concerns, incompatible schedules, and discomfort outdoors.
Indeed, barriers real or perceived are commonly included in assessments of children’s engagement in
outdoor or nature activities. In their study of attitudes toward outdoor play, Beyer et al. (2015)
included barriers such as fears or dislikes of getting lost, strangers, wild animals, getting hurt, and
people doing drugs.
Outcomes
The mission of ECOS is for students to engage in scientific inquiry “to develop an attitude of respect
and stewardship for the natural world.” Certainly, SPS students show an improved understanding of
environmental science concepts, especially the learning standards previously discussed (personal
communication). Science learning outcomes are already directly measured by ECOS teachers using a
pre-post quiz as well as indirectly measured through Grade 5 MCAS testing. Yet increasing knowledge
alone is insufficient to produce attitudes of respect and stewardship, the ultimate goal (Cheng and
Monroe 2012). Attitudes are created slowly and don’t become salient until young adulthood. During
middle childhood, engagement in both nature exploration and formal activities like ECOS, especially
with peers and family, is critical for young people to eventually develop environmental attitudes over
time (James et al. 2010; Wells and Lekies 2006).
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ECOS achieves its mission if, after participating in the program, students are more interested in
nature-based activities, such as those they learned at ECOS. Students may also draw value from the
program by using ECOS activities either as a source of discussion or shared memory, or as a source of
confidence and pride (Liddicoat and Krasny 2014). These outcomes are linked and potentially
reinforcing. For example, a young person talking about a prior success catching frogs may strengthen
their sense of confidence. Similarly, if a child participates in a behavior frequently, they are more
likely to talk about it with others (Pillemer 2009). These outcomes are likely strengthened year-to-year
as students continue participating in ECOS and engaging in nature-based activities, conversations, or
reflections. For the remainder of the report, “Activity Outcomes” will refer to activity repetition,
activity discussion, and activity confidence, as discussed above.

Research Objectives
1. Describe the Environmental and Social Contexts of ECOS students.
A. What natural environments are students exposed to at home? What animals do students see
where they live? Do students live close to parks and other open spaces? How green are their
neighborhoods overall?
B. How do students experience nature outside of school? What activities do students do in
nature? How are different types of activities related to each other?
C. What barriers prevent students from participating in nature-based activities?
D. How do students feel about doing activities in nature (i.e., Emotions)? How did they like
ECOS?
E. To what extent are students surrounded by an ECOS community legacy?4 How often do
classroom teachers talk about ECOS? Who do students repeat ECOS activities with and
who do students know that have done ECOS before? What do people say about ECOS
activities?
2. Understand what students do after they finish ECOS and why (i.e., Activity Outcomes).
A. What activities do students remember doing at ECOS?
B. To what degree have students repeated, discussed, and felt confident about those activities?
How are activity outcomes related to each other?
C. How do students’ social and environmental contexts (described in Objective 1) relate to
their reported activity outcomes?

In the introduction, I describe “community legacy” as an output rather than a context. However, the legacy of
the ECOS program effectively becomes a type of “social context” that surrounds students in the form of
conversation and shared memory.
4
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Methods
Mr. Kuras developed multiple drafts of the research survey, receiving teacher feedback throughout.
This process allowed ECOS teachers and staff and Mr. Kuras to hone their specific research questions
and goals. In June 2016, Mr. Kuras pre-tested survey questions with small focus groups of Grade 4
students to better understand how they interpreted the questions. The survey was then pilot tested in
small “chunks” with Grade 4 students in June 2016 and with Grade 5 students in Fall 2016. The final
version of the survey was approved by SPS, the Institutional Review Board at the University of
Massachusetts Amherst (Protocol 2016-3043), ECOS teachers and staff and survey researchers at
UMass.

Sample
The survey was designed for ~600 Grade 5 students within SPS (there are ~2,000 students in the
grade) about their memories of the Grade 4 program. The majority of the sample lived in Springfield,
MA, and was between the ages of 9 and 11. Gender and ethnic background (“personal context”) was
mixed although such information was not collected.
Surveys took place in spring 2017 and therefore asked participants about their memories of ECOS
from the 2015-2016 academic year. During fall 2015, the ECOS building was under construction. As
such, some Grade 5 students in the research sample attended ECOS at an alternate location while they
were in Grade 4 (Camp Wilder). Eighteen elementary schools participated in ECOS in spring 2017 and
schools that went to Camp Wilder were not included in this study (Table 1).
Schools that attended the:
Grade 4 ECOS program in Homer Street School, Daniel B. Brunton School, White Street School,
Forest Park, spring 2016
Hiram L. Dorman School, Warner School, Indian Orchard Elementary,
Springfield Public Day Elementary School, Mary O. Pottenger School,
German Gerena Community School, Frederick Harris School,
Milton Bradley School
Grade 4 ECOS program at Washington School, Edward P. Boland School, Rebecca Johnson
Camp Wilder, fall 2015
School, Thomas M. Balliet School, Brightwood Elementary School,
Lincoln Elementary School, Arthur T. Talmadge School
Table 1: Grade 5 schools participating in ECOS in spring 2017 and the location where those schools
participated in ECOS during grade 5 (2015-2016 academic year)
Principals of eligible schools were informed about the study and asked if their schools wanted to
participate. All schools agreed to participate in the study with the exception of Springfield Public Day.
All Grade 5 students in participating schools had the opportunity to partake in the study if parental
consent and minor assent were obtained (see A2: Ethical Considerations, pg. 34).
8

Survey Instrument
The survey consisted of two double-sided pages. Questions in the first half of the survey (first doublesided page) collected information about biodiversity close to home (exposure), past participation in
various nature activities (experience), barriers to participating in nature activities, and if the student
participated in ECOS the previous year. Students that answered “yes” to the final question continued
on to the second half of the survey (second double-sided page), which asked each student to recall a
single specific activity they did during ECOS (hereafter their “chosen activity”) and to answer a series
of questions aimed at revealing to what extent the student repeated, discussed, and felt confident about
doing that activity. Each chosen activity was sorted into a domain by activity and habitat type,
specifically 1) small animal activities in the pond, 2) small animal activities in the field or forest, and
3) other activities in the forest such as hiking, exploring, and silent sit (see A2: Survey Processing and
Validity, pg. 36, for more information about sorting). Students were also asked how they liked ECOS
and how they felt doing their chosen activity (emotions). Students that did not attend ECOS were given
a separate double-sided page (the “no ECOS” page) which asks students to recall any environmental
activity they have participated in and to answer questions that were essentially identical to those who
did ECOS the year before. All students were also asked questions about the community legacy around
their chosen activities, including how often classroom teachers talk about the activity, who they do
their chosen activity with, who they know that has done that activity at ECOS, and what people say
about the activity.
During the consent process, parents and guardians were asked for permission to use address
information in a “Neighborhood Habitat Analysis” (see A2: Ethical Considerations, pg. 34). If consent
was obtained, addresses were geocoded5 using Texas A&M University GeoServices and further
processed in ArcMap10 to obtain two additional exposure variables. “Nearby Open Space” describes
the availability of parks, conservation areas, cemeteries, and other protected greenspaces that students
have access to within 500-meters of the home address. “Surrounding Greenness” describes the general
amount of grass, trees, and vegetation within 500-meters of the home address, regardless of whether
those features are public or private. Figure 2 shows overall open space and greenness in Springfield,
MA, in order to illustrate potential exposure to nature for students participating in the study. See A2:
Neighborhood Habitat Analysis for more information about spatial data processing.

5

When only streets were given as addresses, the midpoint address was selected (GER-M-10 and GER-C-09)
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Forest Park
Figure 2. Open space and greenness in Springfield, MA
Surveys were conducted March 21 - May 4, 2017 (see A2: Implementation, pg. 36), processed using
Qualtrics, and checked for input accuracy. Four logic checks were employed to assess internal validity
(see A2: Survey Processing and Validity, pg. 36). Text responses were coded in excel and converted
into categorical responses. The dataset was exported to R for further analysis (version 3.2.4).

Analysis
Objective #1: Describe the environmental and social contexts of ECOS students.
Individual survey questions concerning exposure, experience, barriers, emotions, and legacy were
examined and reported independently
using descriptive statistics (Objectives What do these statistical tests tell us?
Chi-Square tests, Kruskal-Wallis tests, and association tests
1A-1E). Nearby Open Space and
tell us the degree to which survey responses are related to
Surrounding Greenness were also
each other. If students randomly selected answers for every
question, we would expect there to be no relationship
summarized descriptively and
between responses or the underlying attitudes, behaviors,
visually (1A). Chi-Square and
and experiences that questions ask about. When tests return
Kruskal-Wallis tests were employed
“significant” results, it tells us there may indeed be genuine
relationships between certain attitudes, behaviors, or
to investigate internal relationships
experiences. Different tests are used depending on how
between types of nature experiences
survey questions were asked (i.e., yes/no questions require
(1B) and types of barriers (1C).
different tests than questions using a 5-point scale).
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These two tests were also used to look for relationship between chosen activities and both emotions
(1D) and teacher talk (1E). Association tests were used to examine relationships between chosen
activities, who students do chosen activities with, and who students know that have done that activity
at ECOS, as well as between chosen activities and what people say about those activities (1E). For
both the questions about who students do chosen activities with and who students know that have done
that activity at ECOS (Questions 16 and 17), a subset of responses was examined with only students
that repeated ECOS activities in the past year. Chi Square tests were employed to assess relationships
between the individuals that students knew had done ECOS and the individuals that students repeat
ECOS activities with.
Objective #2: Understand what students do after they finish ECOS and why.
For Objective 2A, chosen activities are reported descriptively. For Objective 2B, activity outcomes6
are reported in their original 5-point form and differences in outcomes based on chosen activities were
assessed using Kruskal-Wallis tests. Figure 11 visually represents differences between outcomes by
chosen activity based on the binary form of the outcome. To understand how activity outcomes were
related to each other, pairwise comparisons of outcomes were conducted using Chi Square tests for the
binary form and Spearman-Rank correlations for 5-point form.
Two analyses were employed for Objective 2C, both of which sought to explain why students reported
different activity outcomes. Survey questions about environmental and social contexts were used as
variables to explain these differences (Table 2). First, two groups of students were compared: those
that demonstrated all three activity outcomes and those that demonstrated none of the three outcomes.
One-way ordinal permutation tests, Chi Square tests, and t-tests were used to examine differences
between the two groups in terms of all the variables listed in Table 2.

Variable
Wild Habitat
City Habitat
Nearby Open
Space
Surrounding
Greenness
Recreational
Experience

Explanation
perceived diversity of forest and pond
animals close to home
perceived diversity of field and urban
animals close to home
parks, conservation areas, cemeteries, and
other protected greenspaces within 500-m
of residence
general amount of grass, trees, and
vegetation within 500-m of residence
hiking, camping, fishing, biking in the
woods, and swimming in a natural place

Type

Survey
Question

Exposure

1

Exposure

1

Exposure

(address
information)

Exposure

(address
information)

Experience

2

6

Activity outcomes were originally collected on a 5-point ordinal scale but for some analyses, outcomes were
converted into binary responses (see A2: Survey Processing and Validity, pg. 36).
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going to a park, zoo, or aquarium, taking
care of plants, and picking or planting
Experience
2
vegetables, flowers, or trees.
Immersive
catching small animals, collecting things
Experience
3
Experience
from nature, exploring in nature
whether or not the student said they like to
Disinterest
Barrier
4
do outdoor activities
Place
access, friendliness, safety, and pests
Barrier
4
Barriers
associated with natural places
General
too busy, no nature companions, don’t
Barrier
4
Barriers
know where to do activities
rating of how much the student liked
Liked ECOS
Emotions
6
ECOS
how often classroom teacher talked about
Teacher Talk
Legacy
14
ECOS
if parents or grandparents did the chosen
Did Parents
Legacy
17
activity at ECOS
if friends or siblings did the chosen activity
Did Peers
Legacy
17
at ECOS
Table 2: Variables generated from survey questions and address information, including a brief
explanation, type of variable, and source.
Domestic
Experience

Second, the three outcomes for the small animal activities at the pond (SAP) activity were modeled
using binomial logistic regression and an information theoretic approach. Four hypotheses were tested
to explain each activity outcome: exposure to nature, nature experiences, emotional context, and
community legacy (Table 3). Place-based barriers were combined with the exposure hypothesis with
the reasoning that even if students live in green areas, perceptions of unfriendliness or lack of safety
may deter students from using those spaces. General barriers were combined with the emotional
context hypothesis because even if students liked ECOS, disinterest or busy-ness may deter students
from engaging in outdoor activities directly or through conversation. For the exposure hypothesis, two
sources of information were considered: survey questions about perceived habitat close to home and
spatially-derived information about
What does statistical modeling tell us?
open space and greenness. Model
Modeling allows us to test hypotheses and/or make
estimates about populations. Modelers turn hypotheses into selection was used to compare the
formulas (“legacy explains activity discussion” or efficacy of both survey questions and
“exposure explains activity discussion”), which they spatial information in explaining
compete against each other until the most useful yet
parsimonious formula emerges (say “legacy” is the best activity outcomes (see A3:
formula). Each formula is assigned a “weight” depending Neighborhood Habitat Analysis, pg.
on how well it did at explaining the outcome, and all the 39). Given the weaker explanatory
formulas can be averaged together based on their weights
power of the spatial variables and
to produce estimates about the population (“given X legacy,
lower associated sample size,
students Y times more likely to discuss the activity”).
12

the two survey variables (Wild Habitat, City Habitat) were selected for modeling purposes. After
model assumptions were evaluated, a candidate model list was generated that included each hypothesis
independently, the six pair-wise combinations of hypotheses, a null model, and a global model (Table
3). All models were multi-level, with responses grouped by school Accountability and Assistance
Level (see A2: Accountability and Assistance Level, pg. 40). Models were ranked and selected based
on weights of the Akaike’s Information Criterion (AIC) corrected for small sample sizes (AICc).
Model averaging with shrinkage estimates was used to obtain odds ratios, confidence intervals, and
variable importance for all predictor variables.
Model
Null (none of the
hypotheses included)
Exposure

Formula
outcome ~ (1 | AAL)
outcome ~ hab_wild + hab_city + bar_pla (1 | AAL)

Experience

outcome ~ exp_rec + exp_dom + exp_imm* + (1 | AAL)

Emotions

outcome ~ lik_ECOS + bar_gen2 + bar_a + (1 | AAL)

Legacy

outcome ~ teacher +did_parent +did_peer + (1 | AAL)

Exposure + Experience

outcome ~ hab_city + hab_wild + bar_pla + exp_rec +
exp_dom + exp_imm* + (1 | AAL)
Exposure + Legacy
outcome ~ hab_city + hab_wild + bar_pla + teacher +
did_parent + did_peer + (1 | AAL)
Experience + Emotions
outcome ~ exp_rec + exp_dom + exp_imm* + lik_ECOS
+ bar_gen2 + bar_a + (1 | AAL)
Emotion + Legacy
outcome ~ teacher +did_parent +did_peer + lik_ECOS +
bar_gen2 + bar_a + (1 | AAL)
Exposure + Emotion
outcome ~ hab_city + hab_wild + bar_pla + lik_ECOS +
bar_gen2 + bar_a + (1 | AAL)
Experience + Legacy
outcome ~ exp_rec + exp_dom + exp_imm* + teacher +
did_parent + did_peer + (1 | AAL)
Global (Exposure + Legacy outcome ~ hab_city + hab_wild + bar_pla + exp_rec +
+ Experience + Emotions)
exp_dom + exp_imm* + teacher +did_parent +did_peer
+ lik_ECOS + bar_gen2 + bar_a + (1 | AAL)
Table 3. Candidate model list and associated formulas. AAL = Accountability and Assistance Level.
*Immersive experience (exp_imm) was not included when modeling Activity Repetition because the
survey questions used to derive Immersive experience were too similar in content to the SAP chosen
activity.
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Results
In total, 562 students completed the survey among 27 classes from 10 schools. Surveys took ~17
minutes on average to complete. 87.5% of students gave assent and 72.8% of parents gave consent for
survey responses to be used for research purposes, resulting in a sample of 364 surveys (64.8%) in
which both consent and assent were obtained. Parents provided address information for 214 of these
surveys (58.8%). Four surveys were excluded from analysis based on results from the logic check (see
A2: Survey Processing and Validity, pg. 36), including two with associated addresses. Further, 37
students did not previously participate in ECOS (see A3: Who did ECOS? , pg. 40) and 73 surveys
were either incomplete or the chosen activity was incompatible with the analysis. As a result, 360
surveys were variably available for question-by-question analysis and 250 surveys were available for
modeling (Objective 2C, pg. 7). For analyses involving addresses, 212 were available for question-byquestion analysis and 157 surveys were available for modeling. For each survey question described in
the following results, the number of responses used for analysis is reported.

Objective #1: Describe the environmental and social
contexts of ECOS students
A) Exposure to Nature (Survey Question 17 in A5; variables derived from address information)
What animal species do students see close to home (n = 349)? Students most commonly report seeing
urban animals (pigeon and squirrel) close to home, followed by field animals (dragonfly and
grasshopper). Forest animals (deer and snake) and pond animals (frog and turtle) were less frequently
reported (Figure 3).

Figure 3 (right). Number of students
who report seeing different animal
species outside where they live.
Urban and field animals include
pigeons, squirrels, dragonflies and
grasshoppers. Forest and pond animals
include deer, snakes, frogs, and turtles.

7

In Question 1, students were asked how often they saw various indicator animals outside where they live and
given the choices of “never,” “sometimes,” or “often.” “Sometimes” and “often” were counted as Yes while
“never” was counted as No.
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Do students live close to parks and other open spaces (n = 222)? The majority of students (75.7%) live
in areas with very little green open space (less than 10% of area within 500-meter radius of home is
considered open space). Only 4.5% of students live with 20% or more of their home area occupied by
green open space (Figure 4).

Figure 4. Number of students who live within
walking distance (500-meters) of different
amounts of Open Space (% area)

Figure 5. Surrounding Greenness (mean NDVI)
within walking distance (500-meters) of student
addresses. NDVI values closer to 1 indicate a
higher density and health of vegetation.

How green are students’ neighborhoods overall (n = 222)? In contrast to the findings for open space,
very few students (7.2%) live in areas with low Surrounding Greenness (or Normalized Difference
Vegetation Index (NDVI) values less than 0.4, which would indicate sparse or unhealthy vegetation).
Indeed, 22.5% of students live in areas with NDVI values over 0.6 while the majority of students
(70.3%) live in areas with moderate NDVI values between 0.4 and 0.6 (Figure 5).
B) Experiences in Nature (Survey Questions 2-38 in A5)
What types of activities do students do in nature (n = 358)? One dominant hypothesis in environmental
education suggests that repeated immersive experiences with wild nature (e.g., catching bugs in the
forest) are most effective at forming pro-environmental attitudes, behaviors, and interests among
children (Kellert 2002). Contact with nature that is more recreational or domestic in character can also
be influential, but to a lesser degree. The typical (median) student reported doing all three immersive
nature activities (catching small animals, collecting things from nature, and playing or exploring in
8

Question 2 contained yes/no check boxes for various recreational and domestic activities. Question 3 asked
how often students participated in various immersive activities and given the choices of “never,” “sometimes,”
or “often.” “Sometimes” and “often” were counted as Yes while “never” was counted as No.
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nature). These activities are often considered the epitome of developmentally appropriate activities for
a 10-year-old child (e.g., Louv 2005). Conversely, the typical student did two recreational and two
domestic nature activities (Figure 6). “Recreational” activities included hiking, camping, fishing,
biking in the woods, and swimming in a natural place. “Domestic” activities included going to a park,
zoo, or aquarium, taking care of indoor or outdoor plants, and picking or planting fruits, vegetables,
flowers, seeds, or trees.

Figure 6. Number of students who participate in three types of nature activities as well as the diversity
of activities within each type. Students were asked how many immersive, recreational, and domestic
activities they have done in the past year and were given 3, 5, and 5 options for each, respectively.
How are different types of activities related to each other? All three types of nature activities were
highly related to each other (recreational-domestic X2 = 108.62, df = 25, p < 0.001; recreationalimmersive X2 = 54.61, df = 15, p < 0.001; domestic-immersive X2 = 56.102, df = 15, p < 0.001).
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C) Barriers (Survey Question 49 in A5)
What barriers prevent students from participating in nature-based activities (n = 352)?
Overwhelmingly, students reported that there were very few barriers preventing them from
participating in nature-based activities. The most common barrier was pests such as mosquitos (47.9%
reporting) followed by difficulties getting to the places students want to do activities (31.1%).
The least common barrier was places being unfriendly (12.9%) followed by lack of interest in doing
activities (14.5%). General barriers, such as (time, companions, and knowledge) were significantly
associated with place-based barriers (access, friendliness, safety, pests) (X2 = 44.889, df = 12, p <
0.001) but the “lack of interest” barrier was independent of the remaining seven (X2 = 10.451, df = 7, p
= 0.1644).
D) Emotions (Survey Questions 6 and 9 in A5)
How did students like ECOS (n = 318)? The vast majority of students that participated in ECOS
enjoyed the program (89.6%), selecting between the two positive emoji’s (Figure 7). Only 33 students
out of 318 selected a neutral or negative emoji.

6. How did you like ECOS? Circle one.
Don’t
remember
7. Below are some activities that 4th graders often do during ECOS.

Figure 7. Students’ feelings towards

Ø Catching frogs
ECOS
program
Ø Catchingthe
tadpoles
or fish
Ø Catching bugs

Ø Sitting quietly in the woods
Ø Hiking or walking in the woods
Ø Exploring new places outside

On the line below, write an activity from last year that you remember well.
It can be an activity from the list above or from your memory.
The rest of this packet will ask you questions about your chosen activity.
Your chosen activity:
8. Where did you do your chosen activity? Choose one.

9

o Pond
o Field
Barriers were asked as true/false questions.

o Forest
o Don’t remember
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9. How did you feel doing your chosen activity? Circle ONE OR TWO faces
that represent your feelings.

How do students feel about doing activities in nature (n = 300)?10 Students overwhelmingly
remembered positive feelings (happy or silly) when doing their chosen activity in nature (Figure 8).
No more than 30 students selected any one of the five non-positive faces (surprised, neutral, bored,
angry, disgusted). When divided by activity,
emotions were associated with activities to
a significant degree (X2 = 10.396, df = 4,
p = 0.03426). Fewer students than expected
by chance felt negatively about doing small
activities in the forest and field and more
students than expected by chance felt a mix
of positive and non-positive emotions.
For small animal activities at the pond,
fewer students than expected by chance felt
a mix of emotions.

Figure 8. Emotions surrounding chosen activities
E) Legacy (Survey Questions 14, 16, 17, and 18 in A5)
How often do classroom teachers talk about ECOS activities (n = 299)? Most students (58.9%)
reported that their teachers “never” or “almost never” talk about their chosen activity. Responses did
not differ significantly between activities (Kruskal-Wallis X2 = 2.9139, df = 2, p = 0.2329)
Who do students repeat ECOS activities with and who do students know that have done ECOS before
(n = 303 for both)? Students reported doing their chosen activity primarily with friends, followed by
siblings and cousins or relatives. Similarly, students primarily reported that friends, siblings, cousins
and relatives had done their chosen activity at ECOS before.11 There were no significant associations
between either chosen activities and who students do activities with or chosen activities and who
students know that have done those activities at ECOS. However, of the students that did repeat ECOS
activities (n = 134), 40.9% reported doing those activities with parents or grandparents while 80%
reported doing them with friends and siblings. However, students were significantly more likely to
repeat ECOS activities with parents if those parents had done the activity at ECOS before (X2 =
14.509, df = 1, p < 0.001).
Concerning their chosen activity, participants were asked, “How did you feel doing your chosen activity?” and
directed to choose up to two out of seven emoji faces [happy, silly, surprised, neutral, bored, angry, and
disgusted].
11
Specifically, 65.9% of students say their friend of sibling did their chosen activity. 16% of students say their
parent or grandparent did their chosen activity at ECOS.
10
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What do people say about ECOS activities (n = 360)? Students shared a wide range of responses.
Prominent themes included emotional characterizations, activity outcomes, learning outcomes, or
simply details about what the activity was like (Table 4; Figure 9).
Theme

Included…

Freq.

Emotion: fun

The word “fun” or similar ideas

29.9%

Emotion: great

great, good, love, like, happy

16.8%

Emotion: wow!

cool, awesome, wow, exciting

12.9%

Emotion: gross

gross, weird, nasty

12.9%

Emotion: boring

boring, lame

3.0%

Emotion: dislike

don’t like it, hate, scary
do it together, did it too,
remember when

2.5%

Repetition

want to do it again

5.8%

Confidence

hard, easy, great job

3.8%

Details

information about activities

4.9%

Academic

learning, studying

1.9%

“Nothing”
No response

nothing, I don’t know, not sure"
blank

17.9%
6.9%

Discussion

8.8%

Examples
“It is fun for them to catch the toads in
the forest”
“It was my favorite part when we went
to the lake”
"Yay we're catching bugs"
“People usually say that it is gross to
put your hands in seaweed and bugs”
“That it's boring or that they don't
care”
“I don't like bugs”
“My family says they remember doing
this activity when they were my age”
“People said it was cool and they
would want to do it too someday.”
“Sometimes a teacher told me when I
got a big fish he told me great job.”
“Catching fish and looking at trees.”
“That it is a good activity for finding
animals and learning about them”
“Nothing I don't talk about it a lot.”
“”

Table 4. What people say about chosen activities. Themes (and sub-themes), key words used to
identify themes, frequency of responses, and example quotes are detailed within.
There were no significant associations between themes and activities with one exception. Students who
chose activities in the forest and field such as hiking or exploring were significantly more likely to
report that people said their chosen activity was boring and less likely to say it was gross (association
tests, p < 0.05).

Figure 9. Word cloud generated from what
people say about chosen activities.
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Objective #2: Understand what students do after they finish
ECOS and why
A) The Chosen Activity (Survey Questions 7,8 and 11 in A5)
What activities do students remember doing at ECOS (n = 303)? Students were asked to answer survey
questions about a “Chosen Activity” that they remembered from the Grade 4 program. Responses were
sorted by domain by activity and habitat type, specifically: 1) small animal activities in the pond
[hereafter “SAP”], 2) small animal activities in the field or forest [“SAF”], and 3) other activities in the
forest [“OAF”] such as hiking, exploring, and silent sit (for information about chosen activity
responses, see A3: Chosen Activity on page 40). SAP was by far the most popular chosen activity.
OAF followed in second as
SAP: small animal activities in the pond (catching tadpoles)
only slightly more commonly
SAF: small animal activities in the field or forest (catching toads)
chosen than SAF (Figure 10).
OAF: other activities in the forest (hiking, exploring)

Figure 10. Chosen Activity Selections
B) Activity Outcomes (Survey Questions 15 [Repetition], 12 and 13 [Discussion], and 10
[Confidence] in A5)
To what degree have students repeated their chosen activity (n = 297)? When students were asked
how often they have done their chosen activity in the past year, the most common response was
“never” (39.9%). Even so, 46.7% of students said they “sometimes,” “often,” or “very often” repeat
their Chosen Activity. Responses differed significantly between chosen activities, however (KruskalWallis X2 = 27.062; df = 2; p < 0.001). Students who chose SAP reported doing the activity again with
significantly less frequency than students who chose SAF or OAF (Dunn post-hoc test with a
Benjamini-Hochberg p-value adjustment). Interestingly, between the activities involving small
animals, only two respondents (out of 226) said that they have “often” done the activity again. In
contrast, 11 out of 67 students said they have “often” done OAF again.
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To what degree have students discussed their chosen activity (n = 300)? Most students indicated that
they only “sometimes” talk about their chosen activity with friends or family (41.0% across all three
activities) and 32.5% of students “often” or “very often” talk about it. Student’s responses were not
significantly different between activity domains (Kruskal-Wallis X2 = 0.45326; df = 2; p = 0.7972) (for
differences between discussions with friends versus family, see A3: Discussion with Friends versus
Family on page 41).
To what degree do students feel confident about doing their chosen activity (n = 300)? Students
overwhelmingly felt pretty sure or certain that they could do their chosen activity on their own (71.3%
across all three activities). Compared to the other two activity outcomes, confidence had the highest
number of positive responses (Figure 11) and student’s responses were not significantly different
between activities (Kruskal-Wallis X2 = 1.4222; df = 2; p = 0.4911).

Figure 11. Proportion of students that
reported repeating (top left), discussing (top
right), and feeling confident (bottom left)
about their chosen activity.
SAP: small animal activities in the pond
SAF: small animal activities in the field/forest
OAF: other activities in the forest
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How are Activity Outcomes related to each other (n = 297)? Students that repeated their chosen
activity were more likely to discuss the activity and feel confident about it (Table 5), suggesting that
students tend to benefit from ECOS in multiple ways. This pattern also tells us that there is a cluster of
students not repeating, discussing, or feeling confident about the activity.
X2 statistic
(binary)

Significance
(binary)

Spearman-Rank Correlation
(5-point outcome)

Repetition and Discussion

X2 = 15.065

p < 0.001

R2 = 0.23

Repetition and Confidence

X2 = 13.005

p < 0.001

R2 = 0.22

Confidence and Discussion

X2 = 8.235

p < 0.01

R2 = 0.17

Activity Outcome
Comparison

Table 5: Pairwise comparisons between the three activity outcomes using a Chi Square test for the
binary form (yes/no) and a Spearman-Rank correlation for the original 5-point form. These
comparisons show that regardless of how outcomes are analyzed, each one is related to the other two.
For example, a student that discusses their chosen activity is more likely to repeat the activity and feel
confident about it.

C) Explaining Patterns in Activity Outcomes
How do students who demonstrate all three activity outcomes differ from students who demonstrate
none of the outcomes (n = 87)? Students that repeated, discussed, and felt confident about their chosen
activity (the “yes” group; n = 39) reported doing a significantly greater diversity of recreational,
domestic, and immersive nature activities (specifically 1 additional activity each) compared with
students that demonstrated none of the three activity outcomes (the “no” group; n = 48). In addition,
“yes” group students reported significantly fewer general barriers (1 less barrier) and liked ECOS
significantly more than the “no” group. For all other variables examined, the two groups were not
statistically different (Table 6).
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Variable
ordinal
Wild Habitat
City Habitat
Recreational
Experience
Domestic
Experience
Immersive
Experience
General
Barriers

“No” Group Responses

“Yes” Group Responses

median values reported
1 of 4 forest or pond animals
1 of 4 forest or pond animals
seen near home
seen near home
3 of 4 urban or field animals
4 of 4 urban or field animals
seen near home
seen near home

Significance
permutation test

0

2 of 5 activities selected

3 of 5 activities selected

**

2 of 5 activities selected

3 of 5 activities selected

**

2 of 3 activities selected

3 of 3 activities selected

***

1 of 3 general barriers
0 of 3 general barriers
selected
selected
of6.4 How
place-based
1 of 4one.
place-based barriers
didone.
you barriers
like ECOS? Circle
6. How
did you like1ECOS?
Circle
Place
Barriers
selected
selected
Liked ECOS

0

Don’t
remember

Don’t
remember

th
th “sometimes”
Teacher
7. BelowTalk
are some activities
that are
4never”
graders
often do during
7. “almost
Below
some activities
that 4ECOS.
graders often do during ECOS.

*
0

**
0

group
reported
square
Ø binary
Catching frogs
Ø proportions
Sitting quietly in
the woodsØ Sitting quietly in the chi
Ø Catching frogs
woods
27.1%
they tadpoles
don’t Øwant
to or walking
10.2% insaid
don’t want
to in the woods
Ø Catching tadpoles
or Ø
fishsaid
Hiking
the they
woods
0
Catching
or fish
Ø Hiking
or walking
Disinterest
Ø Catching bugs
Ø
Exploring
new
places
outside
do
outside
activities
do
outside
activities
Ø Catching bugs
Ø Exploring new places outside

test

10.4% said their parents did
25.6% said their parents did
0
Did
Parents
On the
line below,
write
activity
from
last
year
you
remember
Onan
the
line below,
write
anthat
activity
from
lastwell.
year
that you remember well.
their
chosen
activity
at ECOS
their
chosen
activity
at ECOS
It can be an activity fromIt the
list
or fromfrom
your the
memory.
can
beabove
an
list their
above
or from
68.8%
said
their
peers
didactivity
66.7%
said
peers
did your memory.0
The
rest
of
this
packet
will
ask
you
questions
about
your
chosen
activity.
Did Peers
The rest of this packet will ask you questions
about your chosen activity.
their chosen activity at ECOS their chosen activity at ECOS
Your
chosen
activity:
continuous
mean values reported
t-test
Your chosen activity:
Nearby Open
0
8. Where did you do your
chosen
activity?
Choose
7.3%
(ndid
= 21)
10.7% (n
= 25) one.
8. Where
you do
your one.
chosen activity?
Choose
Space
o Pond
o Forest
o Pond
o Forest
Surrounding
0
0.520
(n
=
21)
0.532 (n = 25)
o
Field
o
Don’t
remember
Greenness
o Field
o Don’t remember
Table 6. Differences in responses between two groups of students. The “yes” group demonstrated all
9. How
did outcomes
you feel doing
your chosendiscussed,
activity? Circlefelt
ONE
OR TWOabout
faces their chosen activity) and
three
activity
(they
confident
9.
Howrepeated,
did you feel doingand
your chosen
activity? Circle
ONE OR TWO faces
that represent your feelings.
that represent
feelings. (they did not repeat, discuss, or feel confident). For
the “no” group demonstrated
none of your
the outcomes
each variable examined, the typical student response depends on the way the variable was measured.
Medians are reported for ordinal variables (5-point questions), proportions are reported for binary
variables (yes/no questions), and means are reported for continuous variables (Nearby Open Space and
Surrounding
Greenness). Permutations tests were used to compare group differences for ordinal
10. How confident do you feel about doing your chosen activity on your own?
10. How
do youvariables,
feel aboutand
doing
yourwere
chosen
on your own?
ChooseChi
one.
variables,
Square tests
were confident
used for binary
t-tests
usedactivity
for continuous
Choose one.
variables.
comparisons
with
Nearby Open
Surrounding Greenness, the sample
Can’tFor
do itgroup Not
too sure
Halfway
PrettySpace
sure andCertain
do itcertain Not tooI can
suredo it Halfway
Pretty sure
Certain
I can doCan’t
it
I can do it
only included students with associated address
(n = 46).
I caninformation
do it
certain
I can do it
I can do it
0
p > 0.05; * p < 0.05; ** p < 0.01.
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How do students’ social and environmental contexts relate to their SAP activity outcomes (n = 250)?
Students were more likely to repeat SAP if they had
SAP: small animal activities in the pond
previous experiences doing outdoor activities and if they
felt positively about ECOS (Table 7). For example, a student that reported doing 4 recreational
activities would be 1.6 times more likely to repeat SAP compared with a student only doing 3
recreational activities (“Odds Ratio” of 1.6). Students that liked ECOS the most were 9.5 times more
likely to repeat SAP compared to students that felt neutral about the program (Table 8).
Students were more likely to discuss
How do we relate students’ contexts to their outcomes?
Statistical modeling allows us to put survey questions on SAP if they had previous experiences
one side of an equation and an outcome (like activity doing outdoor activities and if they were
repetition) on the other. We group survey questions into surrounded by an ECOS community
hypotheses and arrange hypotheses into candidate
“models.” Model are put into competition against each legacy (Table 7). For example, a student
other in order to select which ones best explain each that reported doing 3 different
outcome based on the principles of parsimony (Table 7). immersive activities would be 2.1 times
Models are assigned “weights” depending on how well
they explain the outcome, and all models are averaged more likely to talk about SAP with their
together based on their weights to produce estimates friends or family compared with a
(“odds ratios”) about how likely a student is to student only doing 2 activities. Students
demonstrate the outcome based on how they answered
whose parents did SAP at ECOS were
other survey questions (Table 8).
3.2 times more likely to talk about their
chosen activity compared to students whose parents did not. Similarly, students whose classroom
teacher “often” talks about the ECOS activity were 1.5 times more likely to talk about it on their own
compared with a student whose teacher only talks about the activity “sometimes” (Table 8).
The two best models to explain why some students reported confidence surrounding their chosen
activity were the null model and the model including emotion-related variables (Table 7). However,
none of variables from the survey were significantly linked to the outcome (Table 8). In sum, variables
derived from survey questions did not help explain the different degrees of confidence students felt
doing SAP.
Top Model
Activity Outcome Hypothesis

Model 2
Weight Hypothesis

Repetition

Experience + Emotions

0.94

Discussion
Confidence

Experience + Legacy
Null

0.85
0.41 Emotions

∆AICc

0.74

Weight

0.28

Table 7: Top models selected using AICc < 2. See Table 3 for model formulas.
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Variable

Repetition

Discussion

Confidence

OR (CI)

Imp.

OR (CI)

Imp.

OR (CI)

Imp.

Wild Habitat

1.00 (0.92, 1.77)

0.02

0.99 (0.57, 1.17)

0.05

1.01 (0.77, 1.4)

0.19

City Habitat

1.00 (0.71, 2.21)

0.02

1.00 (0.58, 1.74)

0.05

0.98 (0.55, 1.44)

0.19

Place Barriers

1.00 (0.7, 1.52)

0.02

1.01 (0.78, 1.8)

0.05

0.95 (0.53, 1.07)

0.19

Recreational
Experience

1.61 (1.16, 2.23)

1

1.22 (0.9, 1.7)

0.93

1.00 (0.7, 1.3)

0.07

Domestic
Experience

1.28 (0.97, 1.7)

1

0.93 (0.71, 1.22)

0.93

1.00 (0.77, 1.32)

0.07

Immersive
Experience

not included in this model

2.06 (1.25, 3.73)

0.93

1.02 (0.83, 1.97)

0.07

Disinterest

1.57 (0.43, 5.96)

0.96

1.05 (0.38, 6.47)

0.11

0.75 (0.15, 1.29)

0.35

General
Barriers

1.09 (0.72, 1.67)

0.96

0.97 (0.45, 1.17)

0.11

0.94 (0.56, 1.23)

0.35

Liked ECOS

3.08 (1.59, 6.6)

0.96

1.07 (0.93, 3.66)

0.11

1.08 (0.74, 2.07)

0.35

Teacher Talk

1.00 (0.84, 1.64)

0.01

1.45 (1.09, 2.02)

0.94

0.99 (0.63, 1.13)

0.07

Did Parents

1.00 (0.42, 3.02)

0.01

3.14 (1.3, 8.68)

0.94

1.00 (0.41, 2.64)

0.07

Did Peers

1.00 (0.31, 1.87)

0.01

0.8 (0.35, 1.81)

0.94

0.98 (0.37, 1.78)

0.07

Table 8. Odds ratios (OR) for all predictor variables for each activity outcome, obtained through model
averaging with shrinkage estimates. Each OR is accompanied by a confidence interval (CI), which
encompasses OR estimates for 95% of the modeled population. In theory, 2.5% of the population would
fall below the lower number and 2.5% would fall above the higher number. Variable importance (Imp.)
is also represented for each predictor variable, also obtained through model averaging. Variables
included in the top models for each activity outcome (with ∆AICc<2; Table 7) are represented by shaded
cells. Underlined OR’s are statistically significant at the p < 0.05 level.
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Discussion
Summary and Interpretation
The underlying logic of this program evaluation is that inputs from SPS and the ECOS teachers
motivate or produce program outputs. Students may demonstrate program outcomes after experiencing
these outputs, shaped by their specific social and environmental contexts (Figure 1 on page 3).
Three hypothetical students
Underlined items were measured by the survey
and their stories are displayed
Inputs: learning standards, teacher backgrounds, program history
jointly below to illustrate how
Outputs: ECOS activities, teacher framing, community legacy
outputs and contexts influence
Contexts: personal, exposure, experience, emotional, barriers
Outcomes: science learning, env. attitudes, nature-based activities
outcomes.

Objective #1: Describe the environmental and social contexts of ECOS students.
Exposure: Most students in Springfield live in a typical urban setting with the bulk of available nature
consisting of lawns and grassy fields. Although students may be surrounded by greenness, they have
limited access to formal open space, forests, or
Student Stories, Part 1
wetland areas close to home.
Experience: Generally, students were most likely
to experience nature through immersive activities.
However, students that did more immersive
activities also did more domestic and recreational
activities, suggesting that if students are doing
outside activities at all, they are engaging in a
wide range of activities. Meanwhile, it was
common for students to report only doing two or
fewer recreational or domestic nature activities,
suggesting that many students do a limited range
of activities in nature.

Natalia lives in an apartment complex, far from
any natural areas. When she has the chance,
Natalia loves exploring in nature, catching
tadpoles and collecting rocks. She also goes
hiking and fishing with her cousins and helps
take care of plants at home. Natalia often begs
her parents to go to her favorite park or the zoo.

Nigel lives in the same complex as Natalia. He
sometimes will ride his bike in the woods and go
to the park, but not too frequently.
Roman lives in a greener part of the city with a
forest patch behind his home. He loves
collecting things from nature and swimming in
the river when his family goes camping.

Barriers and Emotions: The majority of students do not see barriers preventing them from participating
in immersive nature activities. But 1 out of 3 students feel that there are multiple things holding them
back, especially pests and challenges getting to prime locations for outdoor activities. For a minority of
students, disinterest is the only barrier in their way, reinforcing the finding that the vast majority of
students enjoyed the ECOS program, especially the activities involving small animals.
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Legacy: Students most commonly repeat ECOS
activities with their friends, siblings, and cousins
and hear about ECOS from this same group.
Conversely, students reported that parents were
less likely to do their chosen activities with them
and said that teachers rarely discuss ECOS
activities in class. Regardless, the most common
thing people say about the program is that it is
fun! This finding agrees with the overwhelmingly
positive perception of ECOS among Springfield
residents (personal observations).

Student Stories, Part 2
If you ask them, Roman and Nigel would agree that
there is not much holding them back from doing
outdoor activities except maybe there are too many
mosquitoes. That, and Nigel isn’t the biggest fan of
doing things outside.
Roman does outdoor activities with his parents and
younger brother. His mother likes to tell the story
about how she had fun catching frogs at ECOS.
Roman’s classroom teacher sometimes references
ECOS when talking about animal lifecycles.
Natalia does outdoor activities with her cousins and
her siblings but says she is sometimes too busy and
it is hard to get to good places to do activities.

Objective #2: Understand what do students do
Did they like ECOS? Of course!
after ECOS and why.
Activity Outcomes: Overall, ECOS is most consistent at boosting student confidence across all major
activities that occur during the Grade 4 program. Most students say they “sometimes” talk about the
activities they did at ECOS and the average student “sometimes” repeats SAF and OAF and “never”
repeats SAP, likely due to fewer opportunities (and resources like nets). Activity outcomes were
related to each other such that students tended to either
SAP: small animal activities in the pond
SAF: small animal activities in the field or forest
OAF: other activities in the forest

demonstrate all three or none at all.

Patterns in Activity Outcomes: Students that
demonstrated all three outcomes of repetition,
discussion, and confidence had more experience
doing activities in nature, fewer barriers, and warmer
feelings towards ECOS compared with students who
demonstrated none of the outcomes. Participating in a
range of activities also explained why some students
were more likely to repeat SAP and discuss the
activity with friends and family. In addition, students
surrounded by an ECOS community legacy were
more likely to discuss SAP. None of the survey
variables helped explain patterns in reported levels of
confidence. Interestingly, differences in availability
of and access to natural areas did not explain why
students responded to ECOS in different ways.

Student Stories, Part 3
Natalia’s chosen activity was SAF. She
sometimes talks about this activity with her
older brother that did ECOS and repeats it
when she has the chance.
Nigel chose SAP and sometimes talks about it
with friends or family but he doesn’t go out of
his way to catch slimy frogs. His friends did
ECOS but his younger sister did not, nor did
his parents.
Roman also chose SAP. He likes to do this
activity and to talk about it with his mother
because she did ECOS when she was his age.
All three students would say the feel confident
about doing their chosen activity.
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Interpretation
Immersive nature experiences like catching small animals and collecting things from nature are often
considered the epitome of developmentally appropriate environmental activities for a 10-year-old child
(e.g., Louv 2005). Past studies have found that, while catching small animals may be a meaningful
activity (Chipeniuk 1995), it is uncommon among children, especially when those animals include
amphibians, reptiles, fish, worms, and snails (Lekies and Beery 2013). This could in part be that
children in cities have limited access to good places to engage in those activities, or even if those
places exist, students are disinterested (Simmons 1994). Indeed, a minority of ECOS students reported
seeing pond and forest animals outside where they live. Sousa et al. (2016) found that high school
students’ attitudes towards ponds as habitats and amphibians improved after spending a year learning
about ponds and participating in hands-on pond activities. This and the present findings suggest that
interacting with small animals and wetland habitats may be especially salient and memorable in
programmatic settings like ECOS, even if students do not repeat those activities frequently. Without
exposure in school, the students may grow up without engaging in these specific activities or
developing conservation-oriented attitudes. ECOS successfully provides these opportunities and
meanwhile instills a sense of happiness and confidence surrounding nature-based activities.
Retrospective studies with adults have demonstrated that time spent in nature during childhood helps
explain adult environmental attitudes and behaviors, like valuing natural areas and participating in
stewardship activities (Tanner 1980; Wells and Lekies 2006). However, it is still possible for children
to develop environmental attitudes without spending such time in natural areas. In fact, some
researchers have suggested that children may receive social cues from family members to appreciate
wild areas even if they have little direct experience (Bixler et al. 2002). More broadly, children
develop behaviors, expectations, and values by watching, learning, and interacting with key members
of their social lives (Chawla 2009). Survey findings, as illustrated by the stories of Natalia, Nigel, and
Roman, highlight that the key socializers for ECOS students tend to be peers rather than parents or
teachers. This suggests an untapped opportunity for adult role models to engage with students around
activities in nature, as demonstrated by Roman’s story. Indeed, two of the variables that best explained
why students discussed their chosen activity after ECOS were 1) if parents had done the chosen
activity at ECOS, and 2) how often classroom teachers talk about the chosen activity.
For many SPS students, ECOS is their only experience with environmental education and associated
activities like catching frogs and tadpoles in the pond (Janes 2016). Conversations that occur as a result
of ECOS may therefore play a valuable role in stimulating children’s care for the environment and
confidence around and interest in environmental activities and behaviors (Kellert 2002; Soga et al.
2016).
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Program Recommendations
The survey results, as illustrated by Natalia, Nigel, and Roman, point to a mild polarization in SPS
students’ experiences with nature. Natalia and Roman do a wide range of outdoor activities while
Nigel does few. Roman and Nigel don’t feel like they have many barriers in their way, unlike Natalia.
Natalia and Roman benefit from ECOS by repeating, discussing, and feeling confident about outdoor
activities, while Nigel only feels confident.
As part of ESEA’s Title III program, ECOS was originally designed as an innovative way to combat
poverty and inequality by bringing all SPS students into a common environment where they could
learn about nature. While poverty remains in Springfield,12 ECOS continues to serve an important
function in bringing every student to Forest Park and including them in a community conversation and
legacy around ECOS activities. Further, ECOS provides a safe and supportive environment for
students to develop skills and confidence around activities like finding and handling small animals and
navigating difficult trails and natural spaces.
Most importantly, ECOS provides a multi-year experience for students to continuously experience
nature. The following program recommendations are informed by survey results and aimed at 1)
addressing ECOS’ mission of helping students “develop an attitude of respect and stewardship for the
natural world,” 2) creating lifelong learners and responsible citizens that are curious, competent, and
caring, and 3) effectively delivering and reinforcing environmental science curriculum as students
move through SPS. In essence, these recommendations recognize that repetition and discussion of
ECOS activities work toward that goal and that there are opportunities to amplify these outcomes
through the district, parents, and other environmental organizations.
1. District: Improve continuity and reach of ECOS beyond Forest Park
The 1971 ECOS Curriculum Guide relayed the following message to classroom teachers:
“Some follow-up activities will be suggested by the staff. If you would like
help in carrying out these activities, Mrs. Ide or Miss Donelan will be able to
assist you. The staff is hopeful that you will think of other ways to use this
experience in your classroom in many subject areas, and that you will share
these ideas with them at a future date.”

12

The median household income in Springfield was estimated to be $34,728 in 2015. For children under 18
years, 43.8% live in households below the poverty level and 64.4% live in households that are eligible for public
assistance (US Census Bureau).

29

In the present survey, the majority of students reported that classroom teachers “never” or “almost
never” talk about their chosen activity. Instead, classroom teachers could leverage the community
legacy of ECOS to promote conversation and motivate repetition while at the same time reinforcing
environmental science concepts. A number of classroom teachers already reference ECOS and the
activities students do there as creative writing prompts or refreshers about science topics (personal
communication). Further, some upper-level schools, like John J. Duggan Academy, the Renaissance
School, and Roger L. Putnam Vocational-Technical Academy, include environmental science
education in the form of visits to natural areas, stewardship, or horticulture. Making explicit references
to ECOS during these experiences could amplify the legacy of the program and demonstrate to
students the many ways one can learn about and experience nature.
ECOS teachers can also widen the framing they use during activities such as “This is something you
can do again!” (repetition), “Ask your parents about when they did ECOS” (discussion), or “You
succeeded at this activity - be proud of yourself” (confidence).
The long-term continuity of ECOS is also important given its almost 50-year history in Springfield and
place in the city’s public memory. Indeed, part of the success of ECOS is that so many siblings,
cousins, teachers, and parents have experienced the program first-hand and can talk about it with
current students. Circumstances that prevent full student participation in ECOS will weaken program
outcomes for the students that do participate by weakening the community legacy.
2. Parents: Ask about ECOS and repeat the activities again with your children
Of the students that repeat ECOS activities, 40.9% do those activities with parents and 80% do them
with peers. This finding echoes national survey results that students primarily do outdoor activities
with friends, siblings, and parents (Kellert et al. 2017). While some parents may actively discourage
their children from getting dirty or touching animals (personal communication; also Louv 2005), it is
remarkable that almost half of students that repeat ECOS activities do so with parents! Further, parents
that did ECOS themselves were significantly more likely to do nature-based activities with their
children.
Past research has highlighted the important role parents play in linking children with opportunities in
nature and modeling appropriate behavior outdoors (Bixler et al. 2002; Chawla 2007). ECOS should
leverage pre-existing parent interest and memories of the program to encourage parents to do follow-
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up activities in nature with their children. One potential intervention could be a “take-home resource”13
for parents about how and where to do nature-based activities with their children, specifically those
most similar to the ECOS programming (see A6: Take-Home Resource, pg. 39). In fact, ECOS
students report doing immersive nature-based activities more frequently than surveys with similar
populations would suggest (Ernst and Theimer 2011), though often these activities occur beyond the
borders of Springfield (personal communication). Regardless, a take-home resource could facilitate
conversation between parents and children about what they learned at ECOS and provide ideas for how
to follow-up in the most ECOS-relevant fashion.
Finally, parents may need more opportunities to witness ECOS first-hand, as volunteers or chaperones.
For parents that have done ECOS, experiencing the program again with their children could provide
rich opportunities for reminiscing, intergenerational conversation, and relationship-building. For
parents that have not done ECOS, experiencing the program might inspire them to repeat those
activities with their children.
3. Other environmental organizations: Remind participants about ECOS
Throughout the greater Springfield area, there are a number of organizations that seek to connect
students with nature. In September 2015, the Springfield Urban Wildlife Refuge Partnership was
established to bring together federal agencies, universities, community groups and schools to expand
environmental restoration and education in Springfield. ReGreen Springfield works with community
groups and businesses to plant trees. Gardening the Community engages youth in urban farming efforts
and Springfield Museums provides science field trips to local schools about reptiles and animal
adaptations. Boy Scouts and Girl Scouts troops include environmental themes and nature-based
activities as do a number of summer camps, such as Camp Massasoit, On the Wilder Side, and Zoo
Camp.
For most SPS students, ECOS is their first (and only) experience with environmental education. The
organizations previously discussed should remind their participants about ECOS as a means of both
boosting the ECOS community legacy and increasing buy-in and engagement in their own
programmatic activities.

13

ECOS already uses a newsletter and a Facebook page to share information and photos about the program with
parents and community members. The “take-home resource” serves as a complementary source of information
tailored for parents immediately after their child has participated in ECOS. See A6: Take-Home Resource
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Limitations and Future Directions
There are a number of features of the entailed research that limit its interpretation and application.
•

Nonresponse Bias: Not all survey responses were analyzed in the research due to missing assent or
consent. It is possible that students missing consent and/or assent were different from students for
whom assent and consent were obtained, especially if the former group of students and their
parents held negative feelings towards ECOS or the environment.

•

Recall and Comprehension: Students completed the survey in the spring, at least a full year from
when they participated in the Grade 4 ECOS program. While the majority of questions on the
survey focused on student’s general contexts and what they have done since the program, it is
possible that memories and interpretations of the program have shifted over time. Similarly, some
of the questions asked about the frequency to which students engaged in different activities in the
past year. Students tended to answer this question easily, but we cannot say for certain that they
were evaluating their entire past year, including the summer. Some of the survey questions, like
how frequently teachers talk about chosen activities or who students do chosen activities with
received some may have been difficult to comprehend, despite early positive outcomes during pretesting. These two questions were flagged by ECOS teachers and logic checks, respectively, as
potential sources of inconsistency. Regardless, all questions were framed to be as concrete as
possible and require minimal reflection.

•

Testing environment: Students completed the survey in the ECOS building, directed by ECOS
teachers. It is therefore possible that students felt pressure or were primed to report more positively
about ECOS than they authentically felt. Further, although students were instructed to complete
their surveys independently, some students may have looked to their neighbors or teachers for help
interpreting questions and selecting responses.

•

Causality: Given that the survey only took place after ECOS and there was no comparison to a
“control” group that did not participate in ECOS, it is impossible to assume that participating in
ECOS necessarily was the cause of any outcomes reported.

•

Demographics: The survey did not collect information about students’ ethnicity, race, or gender.
Yet, past studies have emphasized the importance of these attributes in explaining differences in
attitudes towards the environment and experiences during environmental education (Zelezny et al.
2000). Similarly, students of different ethnic origins may talk about past experiences with friends
or family in culturally specific ways or to different extents, which could affect the “activity
discussion” outcome (Pillemer 2009).
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Future Directions
While the present study documented the success of ECOS in promoting confidence and opportunities
for students to further discuss and repeat nature-based activities, there is much still to learn about the
long-term benefits of the program. Surveys or interviews with high school or college-aged students
could link program participation with interest in environmental science as an academic major.
Retrospective interviews with ECOS alumni that are environmental professionals, hobbyists, or
conservations would help the program understand its influence in directing longer term career
decisions.
ECOS teachers could also benefit from understanding how classroom teachers throughout ECOS make
use of the program as a reference point when teaching environmental science. Resulting collaboration
or coordination around curriculum would increase the relevance of ECOS activities to every-day
learning.
Finally, ECOS is a unique urban environmental education program because it is multi-year, districtwide, and close to 50 years in age. As such, future research with ECOS that more deeply investigates
its community legacy could help other environmental programs build similar esteem or help educators
better understand how social and conversational environments influence program outcomes.
Next Steps
Mr. Kuras will deliver the two-page version of this report to the following stakeholders:
•

ECOS teachers and staff

•

Principals at district schools

•

SPS Senior Leadership

•

Environmental education organizations in Springfield, including the Springfield Urban Wildlife
Refuge Partnership, ReGreen Springfield, Gardening the Community, and The Forest Park Zoo

•

The Friends of ECOS

•

This report will also be archived along with other ECOS historical documents at the University of
Massachusetts Special Collections and University Archives.
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Appendix
A1: Learning Standards
The ECOS Grade 4 curriculum is aligned with the following Life Science standards from the 2006
Massachusetts Science and Technology/Engineering Curriculum Framework:
Learning Standard #2: Identify the structures in plants that are responsible for food production, support, water
transport, reproduction, growth, and protection.
Learning Standard #3: Recognize that plants and animals go through predictable life cycles that include birth,
growth, development, reproduction, and death.
Learning Standard #4: Describe the major stages that characterize the life cycle of the frog and butterfly as they
go through metamorphosis.
Learning Standard #11: Describe how energy derived from the sun is used by plants to produce sugars
(photosynthesis) and is transferred within a food chain from producers (plants) to consumers to decomposers.

A2: Additional Methods Information
Ethical Considerations
Compliance with institutional regulations
The entailed study did not contain materials or methods subject to PPRA or FERPA. The study was approved by
the University of Massachusetts Institutional Review Board on 6-June-2017 (Protocol 2016-3043) and by the
SPS Assessment, Research, and Accountability Department on 25-October-2016.
Consent and Assent
Parental consent was obtained via the ECOS Registration and Permission Form. This form was distributed to
parents and guardians in order for their children to participate in ECOS. The first page of the packet contained
information about ECOS and the second page contained details about the study. The third page asked for the
following from parents or guardians:
·
permission for their children to attend ECOS
·
home address information for ECOS’ purposes
·
consent for their children to participate in the study
·
a box for parents to check in order to grant permission for their address to be used in the Neighborhood
Habitat Analysis
The research study only used address information in which permission for use had been granted. Registration
and Permission Forms were divided by school and ECOS teachers assigned an alphanumeric code to each
completed consent form from the Student Codebook (for example: WHI-K-05).
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Assent was obtained during survey implementation via the Assent Form on the first page of the stapled survey
packet. ECOS teachers introduced the in-class activity and explained that if students assented to UMass using
their answers for research purposes, they should write their name on the assent form.
Later, ECOS teachers sorted the completed surveys into those with assent and those without. Using the student’s
name from the Assent Form, ECOS teachers linked consent forms with surveys. For surveys that received both
assent and consent, ECOS teachers removed the assent form from the survey packet and wrote the appropriate
alphanumeric code onto the new first page of the survey packet. ECOS teachers also wrote address information
from the consent form into the Codebook. Mr. Kuras received completed surveys, codes, and addresses from
ECOS teachers, but not name information, thus maintaining confidentiality.
Confidentiality
Confidentiality of research participants was maintained through use of the Student Codebook. Codes deidentified participants such that individual responses could not be easily linked with participant identities by Mr.
Kuras. Because it was technically possible to link responses to names using the consent forms, anonymity was
not maintained. However, only ECOS teachers have access to assent and consent forms. Information derived
from the neighborhood habitat analysis was reported in aggregate so as to remove risk of identifying research
participants.
Data storage and deletion
All consent forms, assent forms, and surveys in which consent and/or assent were not attained, were stored in a
file cabinet in the ECOS building until the termination of the study. Survey data from the completed sample was
stored on a password protected computer until the termination of the study. Paper surveys were stored in the file
cabinet in the ECOS building. Consent forms, assent forms, and surveys were shredded in May 2018.
Burdens
Participation in the study provided minimal risk to study participants. While the questions themselves were
mundane, it was possible that some participants felt minor discomfort being asked to reflect on their past
experiences in nature and any perceived barriers to participating in outdoor activities. Further, since some
questions asked participants to reflect on their past activities, preferences, and opportunities, it is possible that
some participants compared themselves to their peers and felt jealous that they could not do as many activities
as they would have liked. Participants reserved the right to only complete as much of the survey as they desired
and any distressed participants could cease taking the survey and receive support from their normal classroom
teacher or ECOS teacher. Survey participants were not compensated.
Benefits
There were no direct benefits for study participants. However, it was reasoned that future children could benefit
from knowledge produced in this study by way of improved environmental education programs in Springfield
and beyond.
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Implementation
ECOS teachers administered the survey as an in-class activity during the two days that each participating school
attended ECOS. ECOS teachers explained the purpose of the survey and provided an opportunity for students to
give assent that their responses could be used for the research study. Students that did not assent still completed
the survey but their answers were not used in the analysis. ECOS teachers read aloud the first half of the survey
while students followed along. After reading the question about whether students participated in ECOS the year
before, the teacher distributed the “no ECOS” pages to those that did not participate. The teacher then explained
that the remainder of the survey would ask students to pick a single activity that they did at ECOS and answer
questions about that chosen activity. The teacher then decided whether to continue reading the survey out loud
or let the students complete it on their own. If many students were completing the “no ECOS” page, the teacher
generally did not read the second half out loud since the wording was slightly different between the two
versions. The teacher also decided not to read the second half out loud if he or she felt that the students could
successfully complete it on their own. This flexible decision-making structure was built into the implementation
process in recognition that A) each class required a different amount of support from the teacher in order to be
successful and B) that in the moment, the teacher would have the best perspective on which implementation
strategy would work best with each group of students.
Similarly, each teacher implemented the survey at a time during the two-day session that worked best for their
particular group dynamic and lesson plan. One teacher, for example, preferred to implement her surveys at the
start of the first day, as a way to refresh students’ memories about their experiences in nature and get them
excited about their activities for the day. Another teacher preferred to implement her surveys at the start of the
second day, once she had built more of a relationship with her students so that the survey wouldn’t feel as
formal. Regardless, each teacher recorded at what time they implemented their survey and any comments or
observations about how it went.
Mr. Kuras visited the ECOS teachers every week to prepare the survey materials and assist with the
implementation process. Mr. Kuras also observed students completing the survey and answered their questions
as a way to confirm survey validity and flag any emergent areas of concern.

Survey Processing and Validity
Paper surveys were entered into Qualtrics by the researcher and three undergraduate research assistants. The
Qualtrics input form included two “checks” for any issues to flag during input for further inspection. Within
each class, surveys that were flagged in this manner and one of out every 5 surveys were re-checked for
accuracy. If an input error was found on any selected survey, the two preceding and proceeding surveys were
checked as well. In total, 36.5% of surveys were re-checked (133/364).
On 25 surveys, participants chose more than one answer or instead of choosing an option, they wrote something
in the margins. Mr. Kuras used context clues or logic to select an answer where appropriate, or left the question
blank. Questions or parts of questions that were left uncompleted were not used in the analysis.
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“False.” This means that students understood the question overall. 12 students violated this logic check and their
responses were scored as Questionable. All other responses were scored as Consistent.
Logic Check #2
Responses to Q7, Q11 (both about the chosen activity), and Q8 (the place where they did the activity) were
compared to determine if the responses were Consistent, Questionable, or Inconsistent. If Q7 matched Q11 and
occurred in the appropriate place Q8, the survey was scored as Consistent. If [Q7 or Q11] or if Q8 was missing,
or if the two chosen activities were different but occurred in the same place, the survey was scored as
Questionable (e.g., WHI-C-05 with hiking/walking in the woods and catching frogs, both in the forest). If both
Q7 and Q11 were missing, or if they were quite different from each other, or if the place did not align with
activity at all, the survey was scored as Inconsistent (BRU-C-05 catching tadpoles in the forest, or WHI-C-04
with two chosen activities being catching fish and hiking). In essence, any survey for which it could not be
ascertained with certainty which activity the participant was thinking about when completing the survey was
marked as Inconsistent. In total, 306 surveys were Consistent, 27 were Questionable, and 31 were Inconsistent.
Logic Check #3
Students were asked in Q15 how often they have done their chosen activity. First, if students chose “Never” then
for Q16, they should answer with “I don’t usually do this activity.” 71 students said they Never do it but did not
check “I don’t usually do it.” These responses were scored as Questionable with the exception of HOM-K-09,
who didn’t check any boxes for Q16 and so was left with a score of Consistent. 65 students said they Never do
their chosen and appropriately checked the box. These students received a score of Consistent. Two students
chose Often or Very Often for Q15 and also selected “I don’t usually do this activity,” thus receiving a score of
Inconsistent. All other students received scores of Consistent. Finally, 8 students chose “I don’t usually do this
activity” and indicated that they do the activity with companions, thus receiving a score of Questionable.
Logic Check #4
Students were asked who they knew that had done their chosen activity at ECOS before (Q17). First, if students
selected “No one I know has done this activity” and then responded to Q18 with details about someone specific
(like a mother or brother) they knew who had done the activity before, they were given a Questionable. 4
students fit into this category. Second, if students selected “No one I know has done this activity” along with
other options, they were given a Questionable. 2 students fit into this category.
Logic Check Score Summaries

Number of Surveys

Consistent across all four logic checks (4 points)

221

Questionable in only one logic check (5 points)

101

Questionable across two or Inconsistent across one logic check (6 points)

38

Multiple questionable or inconsistent responses (7 points)

4

Table 9. Logic check scores, including explanations, and corresponding number of surveys.
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Neighborhood Habitat Analysis
Variable Construction
Nearby Open Space: the availability of parks, conservation areas, cemeteries, and other protected greenspaces
that students have access to close to home. Spatial information was obtained from MassGIS 2017 Protected and
Recreational OpenSpace data layer (MassGIS 2017) and features were included if their primary purpose was
recreation, conservation, recreation and conservation, historical/cultural, or Unknown (codes R, C, B, H, and X).
Historical/cultural sites in this set included exclusively cemeteries and the two “Unknown” features included
were the “forest park extension” and a schoolyard.
Surrounding greenness: the general amount of grass, trees, and vegetation around each student’s home,
regardless of whether those features are public or private. This variable was calculated by averaging the
Normalized Difference Vegetation Index (NDVI) within a 500-meter buffer of each address. NDVI essentially
measures green light associate with plants and is collected at a 250-meter resolution from NASA’s Moderate
Resolution Imaging Spectroradiometer (MODIS) instrument. NDVI were retrieved from EarthExplorer,
courtesy of the NASA EOSDIS Land Processes Distributed Active Archive Center (LP DAAC), USGS/Earth
Resources Observation and Science (EROS) Center, Sioux Falls, South Dakota, https://earthexplorer.usgs.gov.
This analysis used NDVI collected from July 26 – August 8, 2016 (Entity ID: EMUST20160726201608085) in
order to reflect the summer period in which greenness is greatest. These dates also occurred during the time
period in which students were asked to reflect about their outdoor experiences.
Model Selection
Nearby Open Space and Surrounding Greenness capture similar information to City Habitat and Wild Habitat
regarding exposure to nature. The two sets of variables were compared using model selection to assess which
would better explain activity outcomes. A candidate model list was constructed, including a null model (no
predictor variables), survey variables (City Habitat and Wild Habitat), spatial variables (Surrounding Greenness
and Nearby Open Space), and both (Table 10). The sample for this analysis included all surveys in which
students selected one of the three chosen activities (SAP, SAF, or OAF) and had available address information
(n = 157). Binomial logistic regression was used to model each activity outcome. All models were multi-level
with responses nested within school Accountability and Assistance Level (AAL; see A2: Accountability and
Assistance Levels). Table 10 reports ∆AICc and model weights. For two of the three activity outcomes, survey
variables and the null model outperform spatial variables. For activity discussion, all four models have roughly
the same explanatory power.
Model
Null

Formula
outcome ~ (1 | AAL)

Repetition
Discussion
Confidence
∆AICc = 0.61
∆AICc = 0.58
∆AICc = 0.40
W = 0.319
W = 0.220
W = 0.389
Spatial outcome ~ open_space + surr_green + ∆AICc = 3.06
∆AICc = 0
∆AICc = 4.26
(1 | AAL)
W = 0.094
W = 0.293
W = 0.056
Survey outcome ~ hab_wild + hab_city +
∆AICc = 0
∆AICc = 0.25
∆AICc = 0
(1 | AAL)
W = 0.433
W = 0.259
W = 0.475
Both
outcome ~ hab_wild + hab_city +
∆AICc = 2.06
∆AICc = 0.50
∆AICc = 3.56
open_space + surr_green + (1 | AAL)
W = 0.154
W = 0.228
W = 0.080
Table 10. Four models were used to explain activity outcomes using spatial and survey variables as predictors.
For each outcome, ∆AICc and model weight (W) are reported. Shaded cells represent models with ∆AICc < 2,
signifying roughly the same explanatory power.
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Accountability and Assistance Levels
Schools were grouped by overall performance relative to other schools that serve the same or similar grades in
the state (as measured by the “school percentile”). Participating schools with a 2016 “school percentile” of 20%
or higher were grouped together as the “high performance group” (Daniel B. Brunton School, White Street
School, Frederick Harris School, and Warner School; n = 128 students) and schools with a “school percentile”
lower than 20% were grouped as the “low performance group” (Homer Street School, German Gerena
Community School, Hiram L. Dorman School, Indian Orchard Elementary, Mary O. Pottenger School, and
Milton Bradley School; n = 232 students) Massachusetts uses the 20% threshold to determine which schools
require additional technical assistance or intervention (DOE 2017).

A3: Additional Survey Questions
Who did ECOS?
Roughly 90% of survey respondents participated in ECOS, either in Forest Park or at Camp Wilder (Q5). The
sample size of students that did not do ECOS and that selected SAP, SAF, or OAF as their chosen activity was
too small (n=19) to facilitate a comparison with students that did do ECOS.
Participated in 4th grade ECOS Program at Forest Park
Participated in 4th grade ECOS Program at Camp Wilder
Did not participate in ECOS at all

294 (80.8%)
33 (09.1%)
37 (10.1%)

Total Respondents

364 (100%)

Chosen Activity
When asking students to select their chosen activity, the survey provided six common activities as prompts.
These included catching frogs, catching fish or tadpoles, catching bugs, exploring in nature, hiking or walking in
the woods, or sitting quietly in the woods (AKA the “silent sit”). Students chose an activity and wrote it down
(Q7), then selected where they did their chosen activity: pond, forest, or field (Q8). On the following page,
students were asked again to write their chosen activity (Q11).
SAP: small animal activities in the pond (catching tadpoles)
Responses were classified as SAP if
SAF: small animal activities in the field or forest (catching toads)
students selected the pond and included
OAF: other activities in the forest (hiking, exploring)
the prompted activities of catching frogs,
catching fish or tadpoles, or catching bugs. Other sorted SAP activities included “catching crawfish” (n=1) and
“fishing” (n=4). SAF responses included the prompted activities of catching frogs and catching bugs and the
selection of field or forest. Other sorted SAF activities included catching toads (n=5), grasshoppers (n=1), and
butterflies (n=1). The prompted activities of exploring in nature, hiking or walking in the woods, and sitting
quietly in the woods, along with the selection of forest, were sorted into OAF. Additional responses in this
domain included “scavenger hunt” (n=1) and “drawing” (n=1).
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While 305 responses fit into these three activity domains, 26 responses were considered a combination of two of
the above, and 33 responses were either left blank or were not among the selected domains. Some students chose
learning-based activities such as leaf drawing (1), frog cycles (2), food web game (1), scavenger hunt (1), boat
racing (1), making paper (1), and seeing deer (1). Especially among students that did not participate in the 4th
grade ECOS program, many Chosen Activities were recreational and included basketball/football (3), biking (2),
play (3), swimming (2), walking (1), going to the park (1), camping (1), and going to Six Flags (1). When asked
where they did these activities, students referenced house/home, street, yard, pond, beach, and ocean. Some
students specifically referenced parks including Mt. Tom (1), Chicopee State Park (1), and Forest Park (3).

Discussion with Friends versus Family
Students reported that friends spoke about their chosen activity with a higher frequency than family. While the
differences between these two questions were significant (Wilcoxon test V = 11291, p = 0.04653), the average
values for both responses were indistinguishable (both “sometimes). Statistical differences were likely driven by
the slightly higher tendency for students to report that their family “never” talks about their chosen activity.
Neither responses for discussion with friend nor family differed between chosen activities (Kruskal-Wallis X2 =
0.89303, df = 2, p = 0.6399; Kruskal-Wallis X2 = 1.1714, df = 2, p = 0.5567, respectfully).

A4: Errata
Glossary
Accountability and Assistance Level: Overall performance relative to other schools that serve the same or
similar grades in the state (see A2: Accountability and Assistance Level, pg. 40).
Activity Outcomes: What students do after finishing ECOS. Includes activity confidence, activity discussion,
and activity repetition.
Activity Confidence: The student feels confident doing the chosen activity on their own.
Activity Discussion: The student has talked about the chosen activity again in the past year with friends
or family.
Activity Repetition: The student has done the chosen activity again in the past year.
Association Test: Also known as a Linear-by-Linear test or an Ordinal Chi-Square depending on the context,
Association Tests compare multiple responses across multiple categories. For example, an Association Test can
identify if students report different emotions for different Chosen Activities.
Barriers (context): Challenges and unknowns, real or perceived, that prevent students from spending time in
nature. Includes difficulty of access, safety concerns, incompatible schedules, and discomfort outdoors.
Binary Response: Responses or outcomes that include two discrete and contrasting options, such as True/False,
Yes/No, or Present/Absent.
Binomial Logistic Regression: A method to determine the odds of an outcome occurring given certain
predictors. For example, what are the odds that a student will repeat their Chosen Activity given their past
experiences in nature? Outcomes must be binary.
Biodiversity: The variety of living organisms in a particular habitat or environment.
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Chi-Square (X2) Test: A statistical test that compares differences in frequencies or counts between two or more
categories. For example, the Chi-Square Test can identify differences between the number of students who
repeated an activity if their parents had or had not attended ECOS in the past.
Chosen Activity: The single specific activity students chose to answer survey questions about. Chosen activities
were sorted into domains by activity and habitat type, specifically 1) small animal activities in the pond, 2) small
animal activities in the field or forest, and 3) other activities in the forest such as hiking, exploring, and silent sit.
Small Animal activities in the Pond (SAP): Catching frogs, fish, tadpoles, or bugs at the pond.
Small animal activities in the Field or Forest (SAF): Catching frogs, toads, or bugs in the field or
forest.
Other Activities in the Forest (OAF): Exploring in nature, hiking or walking in the woods, and sitting
quietly in the woods.
Community Legacy (output): Formal and informal chatter about the program that exists beyond the program.
Includes conversations about the program at home, in schools, and in the community.
Descriptive Statistics: Summaries of data, including mean, median, mode, or proportional responses.
Domestic Nature Experiences: Activities in nature that involve some level of human management or curation
of the environment. Examples include going to a park, zoo, or aquarium, taking care of plants, and picking or
planting vegetables, flowers, or trees.
Elementary and Secondary Education Act’s Title III Program: The ESEA had the broad goal of combatting
poverty through improved access to quality education for all students. The Title III program provided matching
grants for innovative supplementary education centers.
Emotional (context): How students feel about nature-based activities. Can include joy, disgust, excitement, etc.
Environmental Attitudes (outcome): A sense of respect and stewardship for the natural world, as well as
confidence doing nature-based activities and interests in repeating or discussing those activities. These latter
attitudes are operationalized as “Activity Outcomes.”
Experience (context): Experiences students have had in nature, including domestic, recreational, and immersive
activities.
Exposure (context): Nature that students are exposed to close to home and in their daily lives. Can include parks
and open spaces or plants and animals seen on the street.
Immersive Nature Experiences: Unstructured activities in nature that involve exploration and creativity, such
as catching small animals or collecting natural objects.
Kruskal-Wallis Test: A statistical test that compares mean ordered responses between three or more variables.
For example, the Kruskal-Wallis Test can identify differences between activity repetition responses for SAP,
SAF, and OAF.
Learning Standards (input): Curricular learning goals that motivate ECOS programming. Topics include plant
biology, life cycles, and photosynthesis and the food chain (see A1: Learning Standards, pg. 34).
Model Assumptions: In order to use binomial logistic regression, four assumptions about the nature of the data
must be met. These include independence of errors (no repeated measures), linearity in the logit (a linear
relationship between predictor variables and the log-odds of the outcome variable), no multicollinearity (none of
the variables are correlated with each other), and no strongly influential outliers.
Model Selection: A process of choosing the set(s) of predictors (which together form a “model”) that most
parsimoniously explain the outcome.
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Multi-level Modeling: A framework for modeling that recognizes the hierarchical nature of the data. For
example, students exist within classrooms, which exist within schools, which exist within neighborhoods. Due
to shared experiences or geographic proximity, students in the same class, school, or neighborhood may be more
similar to each other than to students in other classes, schools, or neighborhoods. In this study, multi-level
modeling was used to group students by school Accountability and Assistance Level.
Nature-based Activities (outcome): Participation in outdoor activities, especially those learned at ECOS.
Nearby Open Space: The availability of parks, conservation areas, cemeteries, and other protected greenspaces
that students have access to within 500-meters of the home address.
Ordinal Response: Responses with multiple options that exist in an ordered fashion. The majority of ordinal
questions in the ECOS survey included five options (“5-Point”).
Personal (context): Elements of social or cultural identity, including gender, race, or ethnicity.
Program Activities (output): The lessons, events, and actions that occur during the program. ECOS program
activities include explorations of the pond, field, and forest habitats, a discovery hike, a silent sit, and a visit to
the bubblegum tree.
Program Evaluation: A method for improving or proving how a program works. Program Evaluations use a
“theory of change” in which resources and motivations (“inputs”) deliver services to participants (“outputs”)
that are demonstrated as “outcomes” by participants.
Program History (input): Traditions and legacies of the program. Some ECOS activities have remained
consistent since the 1970s such as catching frogs and tasting the bubblegum tree.
Recreational Nature Experiences: Activities in nature that are recreational or structured, such as hiking,
camping, fishing, biking in the woods, and swimming in a natural body of water.
Science Learning (outcome): An improved understanding of environmental science concepts relevant for the
Massachusetts Learning Standards. May be demonstrated by standardized test scores.
Surrounding Greenness: The general amount of grass, trees, and vegetation within 500-meters of the home
address, regardless of whether those features are public or private.
Teacher Background (input): Professional training and environmental experiences. ECOS teachers are
environmental and science educators that identify as “outdoors people" and participate in environmental
activities and nature appreciation beyond the program.
Teacher Framing (output): Perspectives and attitudes invoked by the teachers when leading activities. ECOS
teachers frame activities in terms scientific inquiry, skill-development, confidence-building, stewardship for
nature, and nature appreciation.

43

Timeline and Contact Information
Fall 2015

Initiate collaboration with ECOS program

Spring 2016

Develop ECOS survey and submit protocol to IRB (The original plan included a pre-post
survey of Grade 4 students and interviews with high school students)
Pilot test ECOS survey

Summer 2016

Resubmit ECOS research protocol; the new plan included a single survey of Grade 5
students of their memories of Grade 4 and interviews with young adults [age 18-22])

Fall 2016

Conduct Young Adult Interviews
Pilot test new ECOS survey
Mentor three undergraduates assisting with the ECOS research project

Spring 2017

Expand Young Adult Interviews to focus on UMass student
Implement ECOS survey
Mentor four undergraduates assisting with the ECOS project

Summer 2017

Finish prospectus and analyze ECOS surveys

Fall 2017

Draft report for ECOS and SPS, receive feedback

Spring 2018

Finalize report for ECOS and SPS, submit to committee and SPS

If you have any questions about the research, please contact Evan Kuras, the lead researcher, at
erkuras@gmail.com or Ron St. Amand, Director of Science, at stamandr@springfieldpublicschools.com.
With questions for the academic committee, please contact Professor Paige Warren at
pswarren@eco.umass.edu.
This research was made possible, in part, by the support of Springfield Public Schools
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A5: The Survey
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*Students who did ECOS answered the questions below*
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*Students who did not do ECOS answered the questions below*
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A6: Take-Home Resource
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