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Executive Summary

The Climate Education Pathways project, funded by the National Science Foundation
(DRL2100808), developed and studied an innovative approach to teaching climate change in
high school science classrooms. The project created curriculum materials that combine
globally-relevant climate science with locally-meaningful phenomena and solutions. Twenty-five
teachers across the United States (Figure 1) participated in extensive professional learning to
customize and implement these materials. Our research showed significant positive impacts on
both student learning and teacher professional growth.

Figure 1. Geographic Distribution of Example Teacher
Participating Teachers customization
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Project Overview

The Climate Education Pathways Unit. Climate change presents a unique educational
challenge that goes beyond typical science instruction. While students need to understand the
global mechanisms driving climate change, they also need to see how it affects their local
communities and develop a sense that they can take meaningful action. The Climate Education
Pathways project addressed this challenge through an innovative approach that combines
standardized climate science instruction with locally-relevant learning experiences.

The unit structure (Figure 2) combines standardized climate science content with opportunities
for local customization at strategic points. The project developed a comprehensive "base unit"
comprising approximately 75% of the instructional materials, focused on fundamental climate
science including global temperature changes, greenhouse gases, and carbon cycling. Students
engage with real climate data through interactive digital tools, exploring temperature trends,
greenhouse gas concentrations, and potential solutions. To make learning more relevant,
teachers customize the remaining 25% of the unit to focus on local climate impacts and
solutions. This localization occurs at two strategic points: at the beginning of the unit with
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lessons around a local climate phenomenon, and at the end with culminating projects focused

on local climate solutions.

Problem foregrounded

Lesson Set 1

Salmon population
declines in the Pacific
Northwest

Wildfire and
ecosystem change in
Colorado

Pinyon and Juniper die /"/
off in Arizona

Longer and more
severe allergy season
in Michigan

Poleward range shift
of peaches in Georgia

Lesson Set 2

Solution foregrounded

Lesson Set 3

Base Unit

How can we get

A4 2.2 Make abservations af
/| what enters air fram burning

Tuels

2.3 Usa NDAA data to see
how gases that enter air
from burning fuels are
changing and how they
ralate to temperatures.

Why are k
¥ €O, out of the air?
temperatures z
rising? What can we do to
g minimize CO, rise?
[ ] [ ]
/1 2.1Use a temperature data 2.4 How 3.1 Re-anchor arcund solutions to the problem
interactive to explore does
changing temps. everything 3.2 Use interactive to test carbon emission

wie just
learned
about help
ws explain
the local
prablem,

"\,‘ Design of urban areas to reduce
greenhouse gas emissions and

\ adapt to change.

reducing solutions A

3.2 Conduct a lab and use interactive to see
hew plants can increase carbon uptake

3.4 Investigate soil as storage for carbon but

also a source

3.53.6 Read about real-world plant and soil
solutions, then test in an interactive for a
balanced carbon system.

S/ Riparian area near school

_—¥ communication project on

Community cookbook project te

Culminating Task

4 Restoration project in local

Research and community

wildfire adaptation solutions

Adaptation strategies to drought
to protect our culture and
ecnsystems.

share family recipes with cimate
change and peaches

Figure 2. Structure of the Climate Education Pathways Unit

Quasi-Experimental Study. To study the impact of the Climate Education Pathways Unit on
teacher and student outcomes, teachers participated in a cohort-controlled quasi-experiment
where they acted as their own control. Teachers first taught climate change using their typical
approach. They then participated in an intensive 60-hour professional learning program,
delivered virtually from May through November 2023. The program combined synchronous
collaborative sessions with asynchronous design work, helping teachers master both climate
science content and strategies for making it relevant to students. Experienced mentor teachers
who had previously implemented localized units provided real-world examples and practical
guidance. During the professional learning program, teachers designed their own local
pathways that connected the base unit's core climate science concepts to their specific
community contexts and student interests. After completing their designs, teachers taught their
localized version of the Climate Education Pathways unit to a new group of students.

Research Questions:

1. Does knowledge of climate change differ after high school students learn with a
localized unit versus a business-as-usual unit?

a business-as-usual climate change unit?

Does science identity differ after high school students learn with a localized unit versus

Does a sense of roles and expertise in science differ after high school students learn

with a localized unit versus a business-as-usual climate change unit?

versus a business-as-usual climate change unit?

Does foundation for change differ after high school students learn with a localized unit

Environmental Science Agency. The project was guided by the Environmental Science
Agency (ESA) framework, which emphasizes three interconnected components: understanding
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environmental science concepts and practices, identifying one's own expertise within
environmental science, and using science learning experiences as a foundation for change in
one's life or community. This framework helped teachers create learning experiences that build
not just knowledge, but also students' sense of capability and connection to climate solutions.

Examples of Local Adaptations

Teachers successfully adapted the materials across diverse geographic and community
contexts. In Georgia, one teacher integrated lessons about climate impacts on the local peach
industry, culminating in students creating an educational cookbook that combined family recipes
with scientific explanations. An Oregon teacher focused on declining salmon populations and
orca habitat, leading students to partner with a local ranch on riparian restoration. In Vermont, a
teacher leveraged their community's connection to local waterways, explaining:

Students spend a lot of time recreating at the river (swimming, fishing, etc.)... One
student in particular is not very interested in school, but has been thoroughly
engaged in the unit, so that was a plus! Students also drew on local connections
during the solutions part of the base unit. Being a rural town in Vermont meant that
students had a lot of personal connection to agriculture and forest management.

These examples demonstrate how the curriculum supported meaningful connections between
climate science and local community priorities while engaging students who might not typically
show strong interest in science. Figure 3 provides a detailed look at how one teacher structured
their local pathway, integrating Next Generation Science Standards with investigations of wildfire
impacts in their Colorado community. This example illustrates how teachers maintained rigorous
science content while making meaningful connections to local climate phenomena.
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Figure 3. Example Local Pathway: Colorado Wildfire Storyline
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Methods

Instrument development. Prior to the quasi-experiment we developed, piloted, tested and
validated three instruments, including:

1. Climate Change Knowledge Assessment (RQ1): We developed a three-dimensional
transfer task using the assessment design protocol from Harris, Krajcik, Pellegrino, and
McElhaney. This assessment consists of 20 multiple-choice questions and 4
open-response questions to evaluate students' knowledge of climate change and its
impacts.

2. Science ldentity Measure (RQ2): We created a novel instrument to assess students'
science identity, motivation, and contribution within science class. The instrument
comprises 13 Likert-scale items: 10 core items administered to all students, plus 3 items
randomly assigned from a pool of 6 additional items.

3. Sense of Roles and Expertise in Science Measure (RQ3): We developed an
instrument to evaluate students' enjoyment of engaging in various classroom role-related
activities across two hypothetical science-based scenarios. The instrument includes 29
Likert-scale items: 17 core items administered to all students, plus 12 items randomly
assigned from a pool of 24 additional items.

Existing Measure. To measure foundation for change (RQ4), we used the Transformative
Experience Questionnaire, or TEQ (Littrell et al., 2022), which was adapted for climate change.
The TEQ evaluates how students' learning extends beyond the classroom and captures their
ability to apply learned concepts in external contexts, perceptual changes on climate change
topics, and the value they perceive in new learning opportunities. The instrument consists of
nine items on the pretest and fifteen on the posttest.

Rasch analysis. We employed Rasch modeling techniques using Winsteps to estimate item
and person measures. Specifically, we used a partial credit Rasch model for the knowledge
assessment, which contains items scored as correct or incorrect. For the three other measures
consisting of polytomous items, we applied the Rasch Rating Scale Model . Item and person
measures are reported in logits, with zero representing the average item difficulty. Eight
measures were calculated for each person using the pre and post-test data from each
instrument.

Mixed-effects models.

We used Stata 15 (StataCorp, 2017) to estimate two-level random-intercept models (students
nested within classrooms) to investigate the impact of individual and class level factors on each
of our research questions' outcome. We used Rasch person measures as the dependent
variable, while controlling for other variables related to student demographics, classroom
characteristics, and teacher-specific effects. We used the model’s coefficients and standard
errors, which were estimated at the classroom level, to estimate effect sizes, calculating
Hedges’ g for student outcomes and Cohen’s d for teacher outcomes.
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Student Outcomes

Our research compared outcomes between students who experienced their teacher's typical
climate change unit versus those who experienced the localized Climate Education Pathways
unit. The study included 2,062 students across 143 classrooms from the 25 participating
teachers. The study revealed significant positive effects in two critical areas. In answer to
Research Question 1, we found that students who experienced the localized curriculum showed
substantially higher performance in climate science knowledge compared to those in traditional
instruction (Hedges’ g = 0.278). Based on the What Works Clearinghouse Improvement Index,
students who participated in the localized unit would be expected to outperform their peers by
11 percentage points on average in assessments of climate science understanding (Figure 4).

Effect of Localization on Student Knowledge

\
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WWC Improvement Index = 11

Figure 4. Effect of Localization on Student Knowledge

In answer to Research Question 4, we found similarly significant improvements were seen in
students' foundation for change - their ability to apply learning beyond the classroom and
engage in climate solutions (Hedges’ g = 0.126). Students experiencing the localized curriculum
showed distinctly higher scores in this area, with the Improvement Index indicating they would
outperform peers by 5 percentage points on average.

In answer to Research Questions 2 and 3 we found that while there were positive trends
observed in students' sense of roles and expertise in science and their science identity, these
differences were more modest (p > 0.05). However, analysis revealed an important connection
between students' science identity and their foundation for change, suggesting that students
who identify more strongly with science may be more inclined to see themselves as capable of
leveraging their climate learning for action.
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These findings suggest that localizing climate change education can effectively bridge the gap
between knowledge acquisition and readiness for action, particularly when students can
connect global climate science to issues affecting their own communities.

Teacher Outcomes

The professional learning component of the project showed substantial positive impacts on
teacher growth across multiple dimensions. Teachers increased in all measured aspects of their
confidence from Pre, before teaching their business-as-usual unit, to Post, after teaching their
localized unit, including their confidence in:

1. NGSS design and facilitation (Cohen’s d = 0.779)
2. tapping into relevance and localization (Cohen’s d = 2.067)
3. teaching climate change (Cohen’s d = 1.563; Figure 5)

For both confidence for tapping into relevance and localization and confidence for teaching
climate change, teachers showed initial gains after completing the professional learning, with
continued growth through their implementation of the localized units. This pattern suggests that
both the structured learning experiences and the supported classroom implementation
contributed to teachers' growing confidence. Interestingly, teachers' confidence in implementing
NGSS-aligned instruction followed a different pattern - showing minimal change immediately
after professional learning but demonstrating significant growth after implementing their
localized units. This delayed growth in NGSS confidence suggests that teachers may need
hands-on experience implementing phenomenon-driven, three-dimensional instruction to fully
develop their confidence with these teaching approaches.

Teacher Confidence

Person Measure (Logits)

T T T
Pre Post PL Post Localization

Figure 5. Teacher Confidence for Teaching Climate Change

Teachers also demonstrated significant growth in their climate science content knowledge
(Cohen’s d = 0.505 from Pre to Post Localization), with average scores increasing from
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pre-program to post-implementation (Figure 6). This growth in content knowledge occurred
despite many participating teachers already having strong science backgrounds, indicating the
program's ability to deepen understanding even among experienced educators.
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Figure 6. Growth in Teacher Content Knowledge

These improvements in both confidence and knowledge were maintained through the
implementation phase, suggesting that the professional learning provided teachers with lasting
tools and understanding rather than just temporary boosts. The continued growth during
implementation particularly highlights the value of combining professional learning with
supported classroom practice. One participant explained how the professional learning
experience had a transformative effect on their confidence and capabilities:

I had been concerned that | needed to understand ALL the climate science in a lot of
depth to adequately teach it in the classroom. [The PL] helped me gain clarity in both
teaching using storylines and in the content critical to making sense of the causes
and solutions for climate change.

Implications and Impact

The Climate Education Pathways project demonstrates several important insights about
effective climate change education in high school science classrooms. First, the study shows
that connecting global climate science to local phenomena and solutions can significantly
enhance both student learning and engagement. When students examined climate change
through the lens of their own communities - whether that was declining peach harvests in
Georgia or salmon habitat loss in Oregon - they demonstrated stronger content knowledge and
a greater sense that they could contribute to climate solutions.
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The project also highlights the value of supporting teachers in curriculum customization. Rather
than providing fully prescriptive materials, giving teachers structured opportunities to integrate
their knowledge of local contexts and student interests proved powerful. Teachers reported that
this approach helped them make climate science more relevant and meaningful for their
students while maintaining rigorous content instruction. The professional learning model
demonstrated that teachers can successfully undertake this kind of customization when
provided with appropriate support structures and collegial collaboration opportunities. Teachers
found this approach transformative for their practice. As one educator reflected:

While | may have THOUGHT that | had a good grasp on using local phenomenon
and storylines, and helping students with sensemaking, it was not until | utilized this
curriculum that | realized how little | knew or did these things effectively. | now feel
much more comfortable with designing and engaging students with this technique.
Students were genuinely interested and researching on their own, having relevant
conversations that were spontaneous and lively.

Another key finding relates to student agency. The project's focus on Environmental Science
Agency (ESA) - helping students develop not just knowledge but also expertise and capacity for
action - offers a promising framework for science education that connects to students’ lives
beyond the classroom. Students who experienced the localized curriculum showed significant
gains in their foundation for change, suggesting they were better prepared to apply their
learning to real-world situations.

The digital tools developed through the project proved effective across diverse classroom
settings. Interactive data visualizations and modeling tools helped make complex climate
science concepts more accessible and engaging for students, while maintaining flexibility for
different technology environments. This suggests that carefully designed digital resources can
enhance climate science instruction without requiring extensive technology infrastructure.

Perhaps most importantly, the project demonstrates that it's possible to address climate change
in ways that are both scientifically rigorous and locally meaningful. As one teacher noted:

Utilizing a local phenomenon to anchor my educational content has significantly
enriched the level of engagement | experience with my students. When students can
personally relate to the subject matter, their understanding of scientific concepts
deepens, moving beyond abstraction. Despite the challenges posed by the
contentious nature of teaching topics like climate change, integrating a narrative
around a local phenomenon empowers students to explore, form independent
opinions based on evidence, and break away from simply parroting parental views.

The positive outcomes in both student learning and teacher growth suggest this balanced
approach can effectively support climate change education in high school science classrooms.
These findings contribute to our understanding of how to support meaningful climate change

10
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education that connects global issues to local contexts while building students' capacity for
informed action. The project's success across diverse geographic and socioeconomic contexts
suggests these approaches can work in a wide range of high school science classrooms.

Next Steps

The success of the Climate Education Pathways project offers clear opportunities for
district-wide implementation of these materials and approaches. Please explore the resources
at https://bscs.org/climate/. Contact the team if you are interested in discussing opportunities to

scale and spread this learning opportunity to more teachers and students in your district or
region.

This material is based upon work supported by the National Science Foundation under Grant #2100808.
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the
author(s) and do not necessarily reflect the views of the National Science Foundation.
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