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ABSTRACT ARTICLE HISTORY

In this case study, we used a mixed-methods approach to identify the Received 12 April 2021

characteristics of environmental education (EE) lessons most positively ~ Accepted 14 February 2022

associated with students’ environmental literacy outcomes at one resi-

dential EE center in the U.S. Students attending residential EE programs ~ KEYWORDS

spend multiple days participating in numerous lessons, activities, and Environmental literacy;

experiences, resulting in perhaps more opportunities to enhance stu- Envuronmgnta! educat'on;,
, . . . . . est practices; pedagogy;

dents’ knowledge, attitudes, skills, and behavioral intentions related to observation: evaluation

environmental literacy. To explore what teaching approaches were most

effective at enhancing immediate student outcomes and to provide

insights for practitioners, we observed 80 lessons, tracked 20 observable

teaching approaches, and administered questionnaires to measure stu-

dents’ self-reported changes in environmental literacy outcomes.

Correlation analyses revealed four variables related to enhanced student

outcomes: affective messaging, environmental issue-focus, relevance, and

effective time management. Two variables, fact-based teaching and data

collection, were negatively correlated with student outcomes. Linear

regression analysis with these six variables resulted in a model explaining

34% of the variance in the environmental literacy outcome. We discuss

these findings and share examples of each practice from our qualitative

observations. We also discuss broader applications of our mixed methods

approach for the field.

Introduction

Since the Tblisi Declaration in 1977, the field of environmental education (EE) has focused on
addressing the complex relationships between humans and the environment, with a goal of
developing environmentally literate citizens (Ardoin, Biedenweg, and O’Connor 2015; Farmer,
Knapp, and Benton 2007; North American Association for Environmental Education (NAAEE)
2019; 2021l; Stern, Powell, and Hill 2014). Environmentally literate people are equipped with
the knowledge, attitudes, dispositions, and competencies needed to effectively recognize, ana-
lyze, and address important environmental issues in their communities and beyond (Hollweg
etal. 2011; NAAEE 2019; UNESCO. 1977). Decades of evaluation research have shown that EE

CONTACT B. Troy Frensley @ frensleyb@uncw.edu @ Department of Environmental Sciences, University of North Carolina
imington, 601 South College Rd. Wilmington, Wilmington, NC 28403, USA.
Supplemental data for this article is available online at https://doi.org/10.1080/13504622.2022.2044454 .
© 2022 Informa UK Limited, trading as Taylor & Francis Group


http://orcid.org/0000-0002-4670-5503
http://orcid.org/0000-0002-0294-8941
http://orcid.org/0000-0003-2775-2571
mailto:frensleyb@uncw.edu
https://doi.org/10.1080/13504622.2022.2044454
https://doi.org/10.1080/13504622.2022.2044454
http://crossmark.crossref.org/dialog/?doi=10.1080/13504622.2022.2044454&domain=pdf&date_stamp=2022-5-6
http://www.tandfonline.com

ENVIRONMENTAL EDUCATION RESEARCH 827

programs, whether single-day or overnight, can achieve positive outcomes related to environ-
mental literacy (Ardoin, Biedenweg, and O’Connor 2015; Ardoin et al. 2018; Dettman-Easler and
Pease 1999; Mullenbach, Andrejewski, and Mowen 2019; Rickinson 2001; Stern, Powell, and
Ardoin 2008; 2010; Stern, Powell, and Hill 2014; Thomas et al. 2019).

Despite strong evidence that EE programs can achieve positive outcomes, research rarely
focuses on determining which characteristics of the EE experience are most strongly related to
measured outcomes (Ardoin, Biedenweg, and O’Connor 2015; Bourke, Buskist, and Herron 2014;
NSF 2008; Stern, Powell, and Hill 2014). Currently the design of many EE programs is based on
guidelines, such as the North American Association for Environmental Education (NAAEE)
Guidelines for Excellence in Environmental Education Series, which is drawn from the synthesis of
research and theory in not only environmental education but also fields such as informal science
learning, developmental psychology, educational psychology, and others. This series is a part
of the National Project for Excellence in Environmental Education and consists of six publications
that set the standards for high-quality EE and include: nonformal EE programs (NAAEE 2009);
environmental education materials (NAAEE 2021); and K-12 environmental education (NAAEE
2019). These resources can be seen by practitioners as indispensable tools for developing and
delivering their EE programming. However, a systematic literature review by Stern, Powell, and
Hill (2014) seeking to find evidence linking these practices to better programmatic outcomes
found that any links appear to be largely circumstantial. This may be due, in part, to research
design and the immense number of confounding factors (e.g. socio-cultural, geo-political, diverse
audiences, diverse educators, learning context, etc.) that can influence learning and subsequent
learning outcomes for diverse audiences. As such, it may be helpful to move from broad prin-
ciples and guidelines to exploring the efficacy of specific pedagogies and lesson characteristics
that may influence immediate learning outcomes in unique contexts. Therefore this case study
seeks to begin to fill this gap by identifying specific teaching approaches within 2-4h long EE
lessons that are positively associated with enhanced student environmental literacy outcomes
at one residential EE center in the U.S. Specifically, this study sought to answer the following
question: what teaching approaches during EE lessons provided at one residential center resulted
in enhanced self-reported environmental literacy outcomes? The EE lessons were part of a
five-day residential EE program experience for middle school students and we investigated a
range of teaching approaches through observations and linked them to students’ self-reported
changes in environmental literacy using questionnaires.

Literature review: Teaching approaches

Some prior case studies and systematic literature reviews have sought to identify specific teach-
ing approaches that may influence broad elements of student’s environmental literacy such as:
knowledge (e.g. students factual, conceptual, or socio-ecological knowledge related to the
environment, issues, solutions, etc.; Ballantyne and Packer 2009; Mason and Santi 1998; Monroe
etal. 2019; Stern, Powell, and Hill 2014); attitudes (e.g. students’ feelings about nature, the
environment, or a particular issue; [Ballantyne and Packer 2009; Emmons 1997; Monroe et al.
2019; Stern, Powell, and Hill 2014); skills (e.g. student’s learned something they can use; Stern,
Powell, and Hill 2014; behavioral intentions (e.g. things students could do to protect the envi-
ronment; Ballantyne and Packer 2009; Monroe etal. 2019; Stern, Powell, and Hill 2014); and
behaviors (e.g. student’s pro-environmental behaviors, or behaviors focused on their home or
community; Monroe et al. 2019; Stern, Powell, and Hill 2014).

These case studies cover many diverse articles focused on a wide range of contexts and
learners such as: elementary and middle school students attending a range of EE outdoor
programs (some single-day and some residential) in Australia (Ballantyne and Packer 2009), high
school students attending a five-day EE field program in Belize (Emmons 1997); and elementary
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students in a classroom setting discussing the greenhouse effect in Italy (Mason and Santi 1998).
However, despite the range of contexts, when one looks across these works, consistent trends
about effective teaching approaches in EE begin to emerge (see Table 1):

Methods

To investigate which teaching approaches used in the EE lessons during the five-day NorthBay
residential program lead to better outcomes, we developed an observational protocol in which
researchers recorded the quality and extent of use of 26 teaching approaches during 81 EE
lessons at the NorthBay Adventure (NorthBay) residential program. Students completed a short
survey following each observed lesson to self-report any immediate post-lesson changes in
outcomes related to environmental literacy.

Study site

NorthBay is located in the small town of Northeast, Maryland, which is approximately 100 miles
(160km) northeast of Washington, D.C. NorthBay offers weeklong (five-day) residential programs
for visiting middle school students from urban areas (Baltimore, Maryland, Washington D.C,, and
Philadelphia, Pennsylvania) and suburban and rural areas across the state of Maryland. The
NorthBay campus is located on the shore of the Chesapeake Bay and spans over 90 acres of
beach, wetlands, and forested habitat. NorthBay’s programming combines elements of environ-
mental education, informal STEM education, positive youth development, multimedia presen-
tations and performances, and adventure activities ([please see Stern, Powell, and Ardoin 2010
and Stern etal. 2018 for more details]). NorthBay’s EE curriculum has been developed in con-
junction with the Maryland State Department of Education and incorporates Hungerford et al.
(2003) ‘investigating and evaluating environmental issues and actions’ (IEEIA) model and the
‘better environmental education, teaching, learning, and expertise sharing’ (BEETLES) project
model (BEETLES 2014). The IEEIA model focuses on developing student skills through the inves-
tigation of complex environmental issues in their community and making data-driven decisions
about these issues to arrive at potential solutions. The BEETLES project model encourages
outdoor learning and empowering students to investigate the world around them through
engaging directly with nature, and learning through collaboration and discussion. NorthBay
combines these approaches during their lessons to link key concepts, knowledge, and skills to
students’ lives at home as they investigate complex environmental issues on the NorthBay
campus. The culminating lesson each week consists of students developing an ‘action plan’ of

Table 1. Effective teaching approaches from prior EE-related literature.

Effective teaching approach

Prior EE-related literature

Direct experiences in the natural environment

Multi-sensory engagement in the natural environment

Role models who model aspects of environmental literacy
such as pro-environmental attitudes or behaviors

Student discussions that welcome multiple perspectives
and even previous misconceptions

Investigation of real-world problems or issues that are
rooted in a real place

Promoting relevance to student’s lives at home and their
community or school

Cooperative group work that promotes collaboration

Affective-based messaging, often related to attitudes
towards the environment

Student-centered experiences including student reflection

Ballantyne and Packer 2009; Emmons 1997; Stern, Powell,
and Hill 2014

Ballantyne and Packer 2009

Emmons 1997; Stern, Powell, and Hill 2014

Mason and Santi 1998; Emmons 1997; Monroe et al. 2019

Ballantyne and Packer 2009; Monroe et al. 2019; Stern,
Powell, and Hill 2014

Ballantyne and Packer 2009; Stern, Powell, and Hill 2014

Stern, Powell, and Hill 2014
Stern, Powell, and Hill 2014

Stern, Powell, and Hill 2014
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how they will use what they have learned to address challenges in their communities or
at school.

Each week (Monday-Friday) during the school year, NorthBay provides programming for up
to 400 students from one or more schools. Students are subdivided into smaller same-gender
groups, typically with fewer than 30 students, who share a cabin and complete group activities
together. Occasionally these student groups are comprised of students from more than one
school due to logistical circumstances, rather than the expressed intention of mixing students
from different schools. These student groups are matched with one NorthBay environmental
educator who delivers all of their two hour lessons and they also stay with this group during
mealtimes, leisure activities, free exploration, and evening cabin reflections. NorthBay's team of
environmental educators represents a range of races, ages, genders, personalities, and prior
experiences that also enhance the NorthBay experience.

More broadly, the NorthBay experience consists of daytime activities, in which two two-hour
EE lessons are the focus. Outside of the formal lessons NorthBay provides a myriad of adventure
activities, such as zip lines and a high ropes course during their stay which are focused on
team-building, character development and leadership skills. After dinner each evening all stu-
dents attend a multimedia live show. These evening programs seek to couple the environmental
literacy lessons of the day with highly personalized programming focused on positive youth
development and enhancing attitudes towards school.

The two-hour EE lessons during the daytime are the focus of this study and only take place
during two hours each morning and two hours afternoon on Tuesday, Wednesday, and Thursday
(six lessons in total each week). The morning and afternoon EE lessons are separated by lunch-
time and are discrete, different lessons. These lessons occur in a variety of habitats across the
campus or on a boat in the waters of the upper Chesapeake Bay. Students may participate in
14 different EE lessons covering a range of topics. Across these lessons, students commonly
make observations, collect data, work collaboratively, and investigate environmental issues.
NorthBay’s environmental educators aim to link lessons learned and new perspectives back to
students’ home environments through group discussions, reflection, and journaling. The final
EE lesson each week is an ‘action’ lesson where students complete a service learning project
on campus (e.g. beach cleanup) and develop an action plan as a group for when they return
home to positively address issues related to their environment, their school, or their community.

While we recognize the entire NorthBay experience, not just these EE lessons, contributes
to the overall outcomes for each student, the focus of this study is on the primary environmental
education and environmental literacy lessons at NorthBay, Moreover, due to the comparative
nature of the study design, we sought to identify the characteristics of these lessons that were
associated with enhancing immediate post-lesson environmental literacy outcomes for students.

Pilot testing

Two researchers conducted all observational field work. Four weeks of pilot testing aided in the
development and refinement of the study methods and enhanced the reliability of observational
measurement by the two field researchers. Both researchers observed eight NorthBay educators
conducting 18 unique EE lessons together during the pilot period. Extensive discussions with
the broader team and regular consultation of the literature allowed for refinement of the inde-
pendent variable definitions and observation techniques. For each observational measure, we
sought to maximize the potential for variability while maintaining reliability/consistency. Once
the definitions and scoring for each variable were finalized, the two researchers continued to
observe lessons together at the study site until an acceptable interrater reliability was obtained
for observational measures. The average intraclass correlation coefficient (ICC) measure was 0.928
with a 95% confidence interval from 0.889 to 0.957 (F(40, 440) = 15.512, p < .001), which is
above the recommended threshold of 0.9 for a high degree of reliability (Field 2013).
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We also pilot tested student questionnaires during these four weeks with the goal of devel-
oping a questionnaire that could be completed by students in approximately five minutes
following each lesson. Limiting the survey to five minutes or less was important so that it didn't
take the students too long to complete and disrupt the transition from one activity or location
to the next following the end of the lesson (Powell et al. 2019). We discussed the questionnaires
with students to ensure they understood the content and instructions. We eliminated or revised
questions that were confusing to the students, as well as those that exhibited little to no vari-
ability over the four weeks of pilot testing.

Sampling

Nine weeks, from February 2015 to November 2015, were purposefully selected to mirror the
overall student demographics attending NorthBay each year. Of the 17 schools that attended
during this period, 12 were suburban, three were urban, and two were from rural districts
(National Center for Education Statistics 2017). Data related to urbanity was obtained at the
school level from the National Center for Educational Statistics (NCES). Three of the schools
were private schools (one rural and two suburban); the rest were public schools. Of these 14
public schools, 11 were classified as Title 1. Schools with a Title 1 classification in the United
States have high numbers or high percentages of children from low-income families and receive
additional federal funding to help ensure each child can successfully meet state academic
standards (United States Department of Education 2018).

In this study, two student groups were chosen each week in an effort to observe a diverse
range of students and NorthBay educators. Each of the two field researchers observed the same
student group and every EE lesson that group participated in during the week. Six of the 15
observed groups were comprised of students from more than one school. In total, 17 NorthBay
educators were observed teaching 15 student groups.? Student group sizes ranged from 11 to
29 students. Eight were female and seven were male groups, each matched with a NorthBay
educator of the same gender.

Data collection

Data collection consisted of observing all EE lessons that the 15 different student groups received
during their weeklong visit to NorthBay and conducting student surveys immediately following
each lesson (Table 2). In total, 81 lessons were observed. Seven student groups received six
lessons during their weeklong visit, seven student groups received five lessons during their
week, and one student group received four lessons during their week due to weather-related
and logistical complications.

The observation method we use was adapted from prior research in the fields of environ-
mental interpretation (Stern and Powell 2013), EE (Ballantyne, Packer, and Everett 2005; Ballantyne
and Packer 2009), and formal education (e.g. Pianta and Hamre 2009). One researcher observed
each lesson, maintaining an unobtrusive presence and recording notes regarding each teaching
approach. Each measure of a teaching approach represented the extent and quality of the

Table 2. Weekly data collection schedule at the NorthBay program.

Monday Tuesday Wednesday Thursday Friday
Two-hour Students arrive Lesson #1 Lesson #3 Lesson #5 Students depart
morning EE Observation & Observation & Observation &
lesson Survey Survey Survey
Two-hour Lesson #2 Lesson #4 Lesson #6
afternoon EE Observation & Observation & Observation &

lesson Survey Survey Survey




ENVIRONMENTAL EDUCATION RESEARCH 831

teaching approach observed during the entire two-hour lesson experience (e.g. Pianta and
Hamre 2009). Immediately following each lesson, we asked students to complete a short ques-
tionnaire containing environmental literacy items. Qualitative notes were also recorded through-
out the lesson to provide additional details and examples of the teaching approach in practice.

Measurement

Student outcomes: Survey to measure environmental literacy

We developed a questionnaire that asked students to rate how much the EE lesson influenced
their knowledge, attitudes/dispositions, skills, and behavioral intentions related to environmental
literacy. Each dimension and the corresponding items were based on established definitions of
the subcomponents of environmental literacy (Hollweg etal. 2011, McBeth etal. 2011, McBride
etal. 2013, etc.). As noted earlier during pilot testing, we sought to create an efficient survey
instrument that could measure changes in these dimensions of environmental literacy given
the logistical time constraints we faced in administering surveys on-site (Table 3). Response
categories were comprised of a five-point Likert-type scale: (1) not at all; (2) a little; (3) some-
what; (4) a lot; (5) a huge amount. We conducted confirmatory factor analysis on individual
student survey responses (N=1,298) and confirmed that six survey items comprised a statistically
valid environmental literacy index for use in this study (Satorra Bentler (S-B) x?/df= 0.17; S-B
CFl = 0.97; S-B RMSEA = 0.06; S-B TLI = 0.96; SRMR = 0.04; and Cronbach’s alpha = 0.90). A
composite mean score of all six survey items (equally weighted) for each lesson was then
computed. Two additional conversely worded items served as a validity check: ‘I disliked the
lesson” and ‘I enjoyed the lesson’ Surveys of students who agreed with both items were discarded.

Independent variables: Teaching approaches

The observation variables used in this study were based on prior literature in EE (e.g. Ballantyne
and Packer 2009, Emmons 1997; Mason and Santi 1998; North American Association for Environmental
Education (NAAEE)) 2009; Stern, Powell, and Hill 2014) and also in the fields of environmental
interpretation (e.g. Ham 1992; Skibins, Powell, and Stern 2012; Stern and Powell 2013; Powell and
Stern 2013a; 2013b) and informal science education (e.g. Bell et al. 2009; Fenichel and Schweingruber
2010). Table 4 provides a complete list of observed independent variables along with definitions
and supporting literature for each. Similar to Stronge etal. (2007) and Stern and Powell (2013), we
used a four-point Likert-type scale to measure each. A score of one indicated a complete absence
of the characteristic, while a score of four indicated that the characteristic was a central component
of the program (see Online Supplemental Materials for more detail).

Analyses

Data cleaning
Any student surveys missing more than 50% of data (Tabachnick and Fidell 2007) or containing
responses failing the inversely worded validity check (agreement on both ‘I disliked the lesson’

Table 3. Student survey items comprising environmental literacy outcome index.

Survey question Environmental literacy outcome
This lesson made me appreciate nature more than | did before. Attitude/Disposition

This lesson taught me something that will be useful to me after | leave. Knowledge/Skills

This lesson made me feel | can make a difference in my community at home. Disposition/Behavioral intention
This lesson made me want to spend more time in nature after | leave here. Disposition

This lesson made me want to learn more about environmental issues. Knowledge/Behavioral intention

This lesson made me want to do something to take care of the environment. Disposition/Behavioral intention
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and ‘I enjoyed the lesson’) were removed. This screening process resulted in the removal of 77
student surveys, reducing the sample size to 1,392 individual student surveys from 81 lessons.
Data were also screened for multivariate outliers using Mahalanobis Distance (Tabachnick and
Fidell 2007). This resulted in the removal of an additional 94 student respondents. This reduced
our sample to 1,298 student surveys from 81 lessons.

The unit of analysis was the lesson, as we investigated teaching approaches used in lessons
and there influence on student outcomes. Therefore we aggregated individual student scores
measured at the end of each lesson by taking the mean of all student scores. Before doing so,
we examined the intraclass correlation coefficients (ICC(1)) and (ICC(2)) of students’ responses
on the environmental literacy outcome index to determine validity of this aggregation. We
observed an ICC(1) score of 0.27 and ICC(2) score of 0.87, suggesting a large group effect on
student responses and justifying the aggregation of the data to the group level (Bliese 2000;
Bryk and Raudenbush 1992; Fleiss 1986; Woehr et al. 2015). The ICC(1) value is well above the
0.10 threshold for a medium effect, nearing a large effect, which suggests that a significant
amount of variance in outcomes occurred at the group level and not at the individual level
(Bliese 1998; 2000; Bryk and Raudenbush 1992). The ICC(2) value is also well above the threshold
of 0.75 suggesting a high degree of group level reliability (Fleiss 1986).

Lesson-level student mean scores were then checked for skewness and kurtosis. All lessons
except for one were below the threshold for concern (+ 0.6; Schumacker and Lomax 2004).
Data were then screened again for multivariate outliers using Mahalanobis Distance at the
lesson level. This same lesson was confirmed as an outlier and was subsequently removed from
the sample (Tabachnick and Fidell 2007). This resulted a final sample size of 80 lessons.

Six teaching approaches were removed due to a lack of variability: multiple viewpoints,
investigation-focused approaches (and the two subcategories of this variable), student-led
approaches, and quality of questions (see Table 4). This reduced the total number of the inde-
pendent variables from 26 to 20.

Linking teaching approaches to environmental literacy outcomes

To account for school culture or other unobserved variables at the group level, we used group
mean centering to remove the variance caused by group membership (Bell etal. 2018; Enders
and Tofighi 2007). Group means were computed by subtracting each group’s lesson environ-
mental literacy outcome index score from that same group’s weeklong average environmental
literacy score. In effect, the resulting measure gauges divergence of each lesson from each
group’s overall mean.

We conducted a bivariate correlation analysis between each observational variable and the
group-mean-centered environmental literacy outcome index scores. The Spearman’s rho statistic
was used due to the ordinal nature of the variables (Field 2013). We also conducted a bivariate
correlation using the Pearson statistic to explore the relationships between the 20 independent
variables. We then performed a linear regression only with those variables that were statistically
correlated (p<0.05) with the outcome to further explore the relationships. We used only these
variables in the regression equation due to power limitations of the small sample size. Qualitative
observation notes were categorized and used to provide descriptions of key teaching approaches.

Results
Descriptive statistics and spearman correlations with the environmental literacy

Table 5 displays the descriptive statistics for the teaching approaches and the correlation sta-
tistics between each item and the group-mean-centered environmental literacy outcome index.
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Table 5. Means and standard deviations of observed lesson
characteristics, Spearman’s rho correlation values with the
group-mean-centered environmental literacy index.

Variable M (SD) Spearman r
Environmental issue 2.60 (0.94) .390%*
Affective messaging 1.82 (0.90) .298%*
Data collection 2.81 (1.23) -.291%*
Fact-based 2.49 (0.77) —.270**
Relevance 2.44 (0.90) .286%
Time management 3.39 (0.71) 224*
Role modeling 1.59 (0.88) .198
Group reflection 2.61 (0.83) 189
Quality of conclusion 2.19 (0.91) 184
Individual reflection 1.99 (0.88) 149
Holistic Storytelling 1.53 (0.82) 125
Free exploration 1.84 (1.02) .108
Class management 3.11 (0.61) .080
Hands-on learning 3.15 (0.98) .065
Cooperative group learning 243 (1.17) .057
Guided inquiry 3.04 (0.72) .007
Transitions 1.74 (0.91) -.028
Play-based learning 1.81 (0.99) -.029
Quality of introduction 2.26 (0.74) —.055
Sensory-based learning 1.70 (0.94) -.189

Notes: *p < .05; **p<0.01

Four teaching approaches were positively correlated with the environmental literacy outcome
(p<0.05): environmental issue-based, affective messaging, relevance, and time management.
Two teaching approaches were negatively correlated with the environmental literacy outcome
(p<0.01): data collection and fact-based.

Pearson correlations between teaching approaches

Further exploration of the independent variables revealed that data collection was positively
correlated with fact-based teaching and negatively correlated with affective messaging (r=0.48
and —0.31, respectively, p<0.01). Further, issue-based approaches were positively correlated with
relevance (r=0.42, p<0.01). These findings suggest that issue-based approaches and relevance
were often observed together. Similarly, data collection was commonly fact-based and rarely
connected to affective messaging.

Regression analysis

Table 6 displays the results of the linear regression analysis of the six teaching approaches that
were significantly correlated with the student environmental literacy outcome. Three variables
were statistically significant in the regression model. Issue-based approaches and time

Table 6. Linear regression model for the six teaching approaches variables
correlated with the student environmental literacy outcome (F=6.81;
p<0.01; R? = 0.39; Adjusted R? = 0.34).

Standardized B t p
Constant -2.94 .005
Issue-based 448 3.91 .000
Affective messaging 179 1.65 104
Data collection =275 -2.30 .025
Fact-based .036 322 748
Relevance .002 0.02 .988

Time management 213 217 .034
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management were positively related to the outcome and data collection was negatively related.
The model explained approximately 34% of the variance in the outcome.

Descriptions of promising teaching approaches

In our analyses, four lesson characteristics were most consistently positively associated with
students’ environmental literacy outcomes during the lessons at NorthBay: environmental
issue-based approaches; affective messaging; relevance; and effective time management. We
provide descriptions of these practices from our qualitative notes taken during observations
(Table 7). We also similarly provide examples of the two teaching approaches that were nega-
tively associated with student outcomes (Table 7) in this study.

Discussion

This study sought to understand what teaching approaches were most effective at enhancing
immediate environmental literacy outcomes for the students participating in these EE lessons
at the NorthBay residential program. Four teaching approaches (issue-based; affective messag-
ing; relevance; and time management) were positively correlated with student environmental
literacy outcomes and two teaching approaches (data collection and fact-based) were negatively
correlated with the outcome. In a linear regression model issue-based approaches and time
management were positively related to the outcome and data collection was negatively related
and accounted for 34% of the observed variance in environmental literacy outcomes.

Environmental issues & relevance

The importance of real-world issue-based approaches (e.g. real place, real issues, real tasks
and work students can do in the field, etc.), has been widely supported in the literature
(Ballantyne and Packer 2009; Cheeseman and Wright 2019; Gardner and Stern 2002; Jacobson,
McDuff, and Monroe 2006; Monroe et al. 2019; Rickinson 2001; Smith-Sebasto and Walker 2005;
Stern and Powell 2013; Stern, Powell, and Hill 2014) and is also considered a best practice of
effective EE (North American Association for Environmental Education (NAAEE) 2009; North
American Association for Environmental Education (NAAEE) 2019). The IEEIA model, which
NorthBay uses as a foundation for their EE programming, is rooted in investigating real-world
environmental issues and has been shown in numerous evaluation studies to positively impact
student outcomes (Culen and Volk 2000; Hungerford and Volk 1990; Hungerford et al. 2003;
Volk and Cheak 2003). Further issue-based teaching approaches and relevance were correlated
with each other in our study, which reflects NorthBay’s approach to teaching environmental
issues. NorthBay uses key themes each day to link ecological concepts and complex issues to
students’ lives at home in the constructivist spirit. For example, one day’s theme was ‘degraded
conditions! Students investigated different degraded environmental conditions in the ecosystems
of NorthBay's campus and were prompted to consider degraded conditions in their commu-
nities at home (e.g. social, economic, environmental, etc.). This intertwining of issue-based
approaches and content relevant to students’ home lives appears to have been an effective
feature of the lessons at NorthBay.

Affective messaging

NorthBay educators who sincerely conveyed their love for the resource and expressed care and
concern for the environment and their students tended to achieve more positive outcomes. A
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Table 7. Observations of what the teaching approaches positively and negatively associated with
students’ environmental literacy outcomes looked like in practice.

Examples of Teaching Approaches Leading to Enhanced Student Outcomes

Environmental The educator engaged the students in a discussion about food waste, the lengthy journey from
issue farm to table to trash, and the implications of these steps on the environment. Students then
gathered all of the food waste and compost, weighed each, and recorded the data. While doing
this, the educator told the students to think about every meal they ate, the steps that go into
making their food, and what happens to it when thrown away. The students shared their
thoughts about positive ways they can reduce their waste and impact(s) on the environment.

Affective The educator frequently conveyed the importance of loving a place or species. During a lesson on

messaging fungus, the educator says, “Today, | am going to teach you about fungi in all of their diversity. |
know you think they are weird, but | am going to teach you to love them. The educator
focused less on facts and data in the first 20min of the lesson and more on why fungi are so
special, giving students an opportunity to find fungi, draw them, name them, and come up with
stories about how these fungi live their lives and why they are important. Afterwards, the
educator discussed facts and more details on the importance of fungi in these woods and
continued to reference these emotions throughout.

Relevance Students completed a game that required them to work together to “stay alive” on an island. The
students discussed the concept of a filter in the environment, such as a wetland, and then the
educator spoke about how the people in our lives could be filters too. The educator engaged
the students in a discussion about being a positive filter, who the filters were in their lives, if
they were a positive filter to someone else, and whether or not they were a positive filter
during the game. The educator did a masterful job of making a seemingly irrelevant game
extremely relevant for these students and broached complex issues such as protecting the
environment and building a stronger community at home.

Time The educator allowed the right amount of time to complete each activity/part of the two-hour

management lesson. The pace wasn't too slow where students appeared bored or too fast where there wasn't
enough time to fully complete each activity. The educator allowed for more time at the end of
the lesson than any other educator observed allowing for a dedicated 15min for a strong
conclusion and student reflection that was relevant and linked the content covered in the lesson
to students’ home lives. Enough time was allowed such that in this conclusion the educator
linked the ecological concepts covered in the lesson (e.g. degraded conditions and how wetlands
are filters) to the experiences they had with bullying in their own life. The students and
educator discussed ways to be positive filters for the species living in this ecosystem so a
degraded condition doesn't develop. The conversation continued to ways to be a positive filter
(a.k.a., a role model) and identify negative filters in the students’ lives at home so they are not
harmed and had strong affective messaging. The time management allowed students the
opportunity to reflect in the moment on what they learned, how it was relevant to them, and
ways they could become positive filters for the natural environments and/or their community at
home

Example of teaching approach leading to lower student outcomes

Data collection After a wonderful exploration in the woods where students climbed trees, took pictures of the trees
& fact-based and each other climbing, and walking around the woods to start the lesson, the educator spent

the remaining 90 min focusing on facts, data collection, and analysis about trees. Students were
led into an inside classroom where the educator wrote facts about trees and definitions on the
whiteboard and showed students how to use equipment to collect data on trees (e.g. DBH,
identification, etc.). Near the end of this classroom time, 90% of the students were clearly
detached (e.g. looking down, doodling in their journals, fidgeting, etc.) and the educator asked
the students to stay focused because there were more facts that needed to be covered. The
educator walked the students back into the woods, divided them into groups to collect data on
a tree, handed them the equipment and told them to get to work. The students struggled to
remember how to collect the data and were observed being disruptive (e.g. using measurement
tools as swords, tying each other up with measuring tape, etc.) and making comments like, “can
we do something else?” and “I ain’t worried about trees.” At one point, the educator told the
students, “...if you can just get through this lesson, we will be good, [this is the] longest data
collection all week.” The educator gathered the students together in an outdoor classroom where
they went through their data and consulted formulas and tables to calculate the monetary value
of their tree. A discussion about the value of trees, and forests, concluded the lesson and was
focused on the monetary value of wood which tied in the student’s data collection and analysis.

similar finding was recently observed by O’Hare et al. (2020) with a nationwide sample of middle
school EE students. Students appeared more inclined to consider and share their feelings and
emotions about key issues affecting the natural environment and their lives at home if the
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educator shared affective messaging of their own. Conveying emotions alongside the delivery
of facts or the collection and analysis of data may help these activities seem less sterile and
more relevant for students. Many argue that the affective domain is a critical entry point for
building environmental literacy and pro-environmental behavior (lozzi 1989a; 1989b; Hungerford
and Volk 1990; Reis and Roth 2009), and research provides some empirical support for this as
well (Altmeyer and Dreesmann 2021; Stern and Powell 2013; Stern, Powell, and Hill 2014). Placing
a greater emphasis on emotions (e.g. attitudes and values) has also been linked to promoting
emotional development, nature affinity, and pro-environmental attitudes and behaviors in addi-
tion to its influence on environmental literacy for the youth in this study (Ballantyne and Packer
2009; Bergman 2016; Cheng and Monroe 2012; Kals, Schumacher, and Montada 1999; Hungerford
and Volk 1990; Nisbet, Zelenski, and Murphy 2009).

Time management

Good time management enables an educator to complete all lesson components and underpins
effective teaching. While effective time management does not guarantee positive learning out-
comes, poor time management assuredly erodes learning outcomes. In our observations, poor
time management was most often the result of poor pacing or inefficient movement of the
student group from one activity to another. Some educators appeared to only notice they were
running behind near the very end of their lessons. This caused them to move too quickly
through the remaining work, which often involved data analysis, reflection, and conclusion.
Some educators omitted some of these key programmatic elements entirely because they ran
out of time. Having time for meaningful student reflection and a strong conclusion may be
essential for students to make sense of their experience and be able to apply what they have
learned either later during the lesson or program, or when they return home (Cincera, Johnson,
and Kroufek 2020; Kolb 2015; Lee, Stern, and Powell 2020; Stern, Powell, and Hill 2014). These
instances tended to lead toward less positive environmental literacy outcomes in this study and
lend support to other empirical evidence that attention to good pacing can have meaningful
impacts on program outcomes (Stern and Powell 2013).

Data collection and fact-based teaching

We found that programs at NorthBay that focused on data collection tended to yield less
positive environmental literacy outcomes. Further exploration of the data revealed that these
programs were also typically focused on fact-based teaching and did not use affective mes-
saging or the other techniques described above. Delivering facts and information are obvi-
ously important to any program, but this study adds evidence that over-emphasizing facts
at the expense of emotional connections can diminish returns. Guidance from the fields of
EE and interpretation suggest that facts must be linked to larger concepts, issues, or themes
that provide meaningful connections to the students to achieve more meaningful outcomes
(Ham 1992; Monroe etal. 2019; North American Association for Environmental Education
(NAAEE) 2009; North American Association for Environmental Education (NAAEE) 2019;
Tilden 1957).

Limitations of the study

Our mixed-methods case study approach precluded our ability to perform more complex mul-
tivariate analyses (Maas and Hox 2005) and statistically account for interactions between the
variables we observed. This study also took place at a single site on the east coast of the United
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States. The NorthBay program operates in a distinct context that is likely different from other
residential programs in the United States, and perhaps greatly different to the contexts in which
international programs operate. As such, if this study were conducted at other residential centers
with different characteristics and contexts, the results may be different. This study was also
conducted prior to the COVID-19 pandemic, and if conducted today, the study may yield dif-
ferent results. We urge similar studies in diverse contexts to explore which teaching approaches
might be most effective for different audiences in different contexts, particularly as programs
navigate changing contexts, modalities, and conditions with the global pandemic. Our findings
align with prior studies to some extent (e.g. Ballantyne and Packer 2009; Hungerford and Volk
1990; Rickinson 2001; Stern, Powell, and Hill 2014). Yet, we expect that other practices might
emerge in different settings. As such, we want to strongly caution readers against inferring that
the statistically insignificant teaching approaches found in this study are unimportant. Some
characteristics exhibited little variation, and other characteristics associated with setting, indi-
viduals' pre-dispositions, or other unmeasured approaches may have also influenced outcomes.
This study gathered student data through immediate post-experience surveys, which limits
our understanding of longer-term outcomes. As such, we cannot make any claims related to
the longer-term impacts of these lessons (see Stern, Powell, and Ardoin 2008 for a separate
study on longer-term student outcomes associated with the NorthBay program). The strength
of this approach lies in its comparative nature between lessons, which enabled the identification
of specific lesson characteristics most predictive of immediate environmental literacy outcomes.
Focusing on these EE lessons in this way allowed for the isolation of specific characteristics of
the lessons that were associated with enhanced immediate environmental literacy outcomes,
which was our chief goal. We aimed to provide insights for residential EE practitioners, who
may consider what aspects of this case study are relevant to their specific context. We focused
on these EE lessons because they were, by design, the primary EE components of the entire
NorthBay experience. However, we did not incorporate other important elements of the NorthBay
program (E.g., adventure activities, live evening shows, free exploration, etc.) into this study,
which may certainly have influenced the students learning and outcomes. As with any survey
research, there may have been some social desirability bias (Podsakoff et al. 2003) although the
repeated surveys may have minimized the effects of any social desirability bias across the
sample. Moreover, by group-mean-centering the data, our analytical techniques would have
controlled for any consistent upward or downward bias within a specific group of students.

Conclusion

This study adds to the EE-related literature by investigating the relationships between specific
EE lesson characteristics and environmental literacy for these students attending the NorthBay
residential EE program. We identified four lesson characteristics that were most consistently
associated with higher student environmental literacy scores at NorthBay: environmental
issue-based approaches, affective messaging, relevance, and effective time management. Two
characteristics were negatively associated with outcomes: data collection and fact-based
approaches. The results suggest that high quality EE incorporates not only real-world and rel-
evant issues, but also moves beyond the mere sharing of information toward giving students
the time and context to feel something about an issue, place, or even each other.

This study also makes some methodological contributions to the field of EE. We have refined
a method (e.g. Stern and Powell 2013; Powell and Stern 2013a; 2013b) for linking lesson char-
acteristics with student outcomes through observation and questionnaire responses. While we
conducted this study at only one site, these methods could apply across a much wider array
of programs, where characteristics of lessons and EE experiences could be observed and surveys
used to compare their effectiveness. These techniques have since been expanded in other recent
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efforts (e.g. Powell et al. 2019). We also provide a simple and statistically validated short ques-
tionnaire for measuring environmental literacy that might be useful to practitioners and other
researchers to build upon when facing time constraints. Future researchers could also take into
account the full suite of classes, experiences, and activities occurring at residential programs
rather than isolating specific components as we have done here. More broadly, future researchers
may also wish to examine other important factors, such as the influence of socio-cultural-po-
litical contexts on learning and ultimately student outcomes.
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Notes

1. ICC estimates and their 95% confidence intervals were calculated based on average measures using
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