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Teacher Professional Development for Energy Literacy: A Comparison

Abstract

In this program and practices feature, we describe two different models of teacher professional
development designed to help teachers build their own energy literacy while gaining tools to
bring energy literacy to their classrooms. Through a review diténature we identify

principles by which to compare and evaluate the two approaches. Both were successful in

helping teachers to build energy literacy; each had a mix of advantages and disadvantages when
compared tahe literature

Keywords: Energy literacy, teacher professional development, webinars, workshops
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Introduction

The world, and the US in particular, is challenged to meet the energy demands of a
growing populatiorin a way that is sustainable and just for Bihdinga solution to this
complex problenmequiresa multipronged approach that includes but is not limitechianges in
human behavior, the development of more efficient machines and the development of new
sources of energ¥nergy systems, transpation, buildings and industry have all been identified
in the 8" report of the Intergovernmental Panel on Climate Change (IPCC) as areas that might
reasonably be transformed to reduce climate change impacts (IPCC, @t #&ansportation
sector in partular is challenged by public demand, policy and resource security to find adequate
replacements for nerenewable fossil fuels. This paper descsitveo professional development
experiences for teachers conducted as part of a large repegjatdi that$ investigating the
creation of biojet fuel made from wood waste, and$&ed with increasing efficiency for each
supply chain step from forestry operations to conversion processes; creating {asdao
products; providing economic, environmental aodia sustainability analyses; engaging
stakeholder groups; and improving bioenergy literacy for students, educators, professionals and
the general public
We explore two different formatsesigned to support educators in developing their own
energy liteacy while building skills to teach energy literacy in the classroom. Specifically, this
papercompareghe relative advantages and challenges of the two formats in terms of working
with teachers to address complex problems in the classroom.
The goals of our teacher professional development, and of our science outreach programs
under this project in generate
1) toincrease the energy literacy of students and teachers in the Pacific Northwest by
providing direct education and resources focléag and learning about energy
placebased contexts
2) to connect teachers and students to ongoing scientific research in the broad area of
bioenergy and the specific area of woody biomass based biofuel
3) to create an ongoing dialog between the educétiatneach teams and the science
team for mutual benefits
4)  to use théNorthwest Advanced Renewables AllianbBARA) project as a case study
of one way that researchers are looking at addressing the complex questions associated
with providing energy in a sushable way.

Review of the literature
Energy Literacy Education

Scholars have pointed to low levels of energy literacy as a challenge needing to be addressed
in theUS as we face increased populatiorcreased demand for energyd climate impacts
from our current energy practicesd.DeWaters and Powers, 2011; Webed Stern, 2011)
By DeWaters and Powers definition, an energy literate individual
is one who has a sound conceptual knowledge base as well as a thorough understanding
of how energy is used in everyday life, understands the impact that energy production
and consumption have on all spheres of our environment and society, is sympathetic to
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the need for energy conservation and the need to develop alternative to fossil fuel-based
energy resources, is cognizant of the impact that personal energy-related decisions and
actions have on the global community, and — most importantly—strives to make choices
and exhibit behaviors that reflect these attitudes with respect to energy resource
development and energy consumption (p.1700).

After assessing energy literacy in students in New York State, DeWaters and Powers (2011)
found that of the severalrdensions of energy literacy (cognitive, affective, behavior and self
efficacy), cognitive knowledge is the least likely to be associated with the other components. In
other words, it is not sufficient to focus solely on knowledge with respect to energgyit but
rather educational interventions needattdress more holistically the attitudes and values that
students hold with respect to energy. They suggest, among several things, an interdisciplinary
holistic approach that integrates social and natcences and improved flow of information
between researchers and educators; the inclusion of global perspectives and the relationship
between global decisions and local impacts, specifically the environmental, social, economic and
political concerns ass@ted with these choices; curriculum that is hands on, indpaisgd,
experiential and grounded in problesolving; the use of relevant projects and case studies; and
these educational opportunities should use the local community as a learning lab (BeW\hte
Powers, 2011).

Critical pedagogy of place and place-based education for addressing complex problems

The concepts described by DeWaters and Powers have been supported by proponents of
placebased educatio®lacebased education is a philosophy of education that encourages
exploration of local issues to connect learners to broader environmental(®qhes, 1996,

2008, Smith, 2002, Greunewald, 2Q00Blacebased learning has been found to connect learners
to place and create partnerships between schools and communities to solve problems (PEEC,
2010). While some have suggested tha placebased pedagogy limiting when it comes to
exploring global phenomena, evidence exists thaapipeoachs an effedve way to make

complex global problems like climate change relewatt accessiblior studentsPruneau et al
2001;Pruneau et al, 2003.eDuc & Crate, 20135Somerville, 201D Buxton (2019 has

described a model of social problewolving through scierc(SPSS)hat was grounded in the

idea that a science curriculum should give students the tools to ask critical questions about the
world around them and to take action based on those reflections. The authors found that the
SPSS approach allowed middle sohstudents and teachers to 1) recoghme@ Oways of

thinkingO associated withe dominantWesternculture has led to some thfe worldOs
environmental challenges, 2) understaog/to make decisions that better support living in
harmony with ecological systems, and 3) connect these understandings to concepts mandated by
the science standards that teachers need to address.

Public Science Outreach

A large part of our approach to building our energy literacy programs has involved
researcherthat engage witbur programs through an OoutreachO lens, presenting their current
work to the publicMore than ever, scientists are being asked to cotineictscience to Obroader
audience® including K12 students and teachers. The benefits of public outreach are thought to

Journal of Sustainability Education
http://www.susted.org/



Eitel et al.

include increased public support for science, more sophisticated dewiagiong on the part of
the public, and bringing new perspees to scientific research by engaging with audiences
beyond those who are intimately familiar with the work (Varner, 2014). However, public
outreach has often been approached as -avagalissemination of information from OexpertO to
Oaudienc® This Odeft-modelO obutreach education has been criticized for a number of
reasons, including the assumption that bridging a knowledge gap is sufficient to make real
change in public opinion and behavior regagdiomplex environmental issues (Varner, 2014).
Varner suggests the adoption of a new model of outreach, in part based on Fischofiv{&D13)
wrote
Effective science communications inform people about the benefits, risks, and other costs of
their decisions, thereby allowing them to make sound choices... The goal of science
communication is not agreement, but fewer, better disagreements. If that communication
affords [scientists and the public] a shared understanding of the facts, then they can focus on
value issues. (Fischoff, 2013, p. 14033 as cited in Varner, 2014, p. 334)

VarnerOs suggested model of science outreach includes three phases: development,
implementation and evaluation. The model suggests that effective outreach starts with explicit
goals that include understanding about the audience, con$ithe values, attitudes and beliefs
that the audience may hold and an effort to connect learning to personal meaning for participants,
activities that support the overall learning goals, and efforts to gather assessment and evaluation
information to undrstand if goals were met.

Place-based, problem-based teacher professional development on site and over a distance

To address our overarching goals of increasing energy litesaogecting teachers to
emerging bioenergy science and form a diddetyveen education and emerging science, we
designed two different models of teacher professional development. One of the additional
challenges that we sought to address through these workshops is the challenge of delivering a
placebased curriculugnwhile also bringing the educational experience to a geographically
diverse group of teachers. Because of limitations of staff time and financial resources, we have
chosen to baseur models on a hybrid of fag¢e-face and online interactions that uses a place
based framework but maximizes the geographic scope of our (Badzin, 2010)

Workshop Formats

Based on the goals, challenges and recommendations described above, we designed two
different workshop formats that sought to address public science outreach and teacher
professional development through both online and-fadace formatsirawing fromplace-
based and problefnased pedagogical framewoiksd science outreach communication

Workshop Format One: online webinar series delivered monthly for seven months

In the first workshop format, we used a series of webinars to support teachers who are
encaged as coaches for a probteolving competition called Imagine Tomorrow, sponsored by
Washington State University.

Participants and Support to Participants
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Our participants were teachers committed to servingashes for student teardsveloping
projects for the Imagine Tomorrow problesalving competitionParticipants were recruited
through various avenues, including an open email to Imagine Tomor@w&snce fair
competition in the Pacific Northwesigt of 5,000 emaiaddressethat incluled past teacher
coaches as well as industry sponsors and judges. Participants from previous workshops were
invited to participate, and new participants were recruited threagbus channels, including
school administratord’he research area encompaskedourstate region of Oregon, ldaho,
Montana and Washington and our goal was to have representation from all four states. In the
end, we were able to recruit five teachers from Idaho, five teachers from Montasiteed
teachers from Washington. tAbugh several Oregon teachers showed initial interest, they did
not ultimately participate. Each participant was provided a stipend of $1000 for their work in
supporting Imagine Tomorrow teams and their participation in our program. They were free to
usethe money as best suited their needs.

Workshop Goals

Thepurpose of our workshop series was to geachers content, facilitatiand financial
support with the goal of increasing the overall quality of support given to student groups as they
work onproblemsolving projectgor the competitionln connecting to this ongoing work we
were able to build omanyplacebasedrojects alreadjaking place within teachersO
communities.

Additionally, we wanted to provide an easy opportunity for scientistagage with these
teachers. We provided the overall curriculum structure and asked scientistke@resentations
that wouldsupport the overall content goalhis work is situated within the larger context of
problembased learning anolilding energy literacy amongst citizens of the Pacific Northwest,
the region where thisioenergy researdk taking place.

The guiding questions for the webinar series included:

* What resources exist for teaching bioenergy literacy?

* What is the NARAproject doing to advance bioenergy in the Pacific Northwest?

« How can these ideas contribute to my studentsO projects for the Imagine Tomorrow

Competition?

Technology support

All webinars were delivered using t@BoToMeetingplatform.Communication in
advance of the workshops was done largely through eRwaiticipants were asked to record
video responses to pmeorkshop questions through the online platform FlipgRdeworkshop
interviews with presenters were recorded using a Skype audio rectedingeand sent to
teachers as a OpodcastO as a preview of the webinaQthgic technologies have been
explored in past workshopsowever, théechnologiesised wereelected fotheir stability in
the educational environment that we operate from.

Workshop Content

Every month a different professiorgdvea presentation during a webinar broadcast to
teachers from across three of the four states in the rdggohwebinarstarted with &
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introduction to the presentand a review of the projecbgls.This was followed by 20 minute
lecture during which participants could type questions into a chat window within the webinar
Oenvironmer®Questions were answered by workshop facilitators as much as possible, or were
saved to ask the presenters following the lecture. After the lecture, participants had an additional
20 D30 minutes in which they could ask questions of the presenter. Fajloheérformal
presentation and questions we had an informal Ocheck inO with teachers about how their project
work was coming. © O Sexrmgronos :
The first webinar in 5 X
the series introduced the N ARA Unuversntyof Idaho
overall research project ST Natural Resources
and explained the goals .
of the larger team that is
assessing the economic
social and
environmental
feasibility of creating a
bioenergy supply chain
in the Pacific Northwst
based on creating Bi0  wvis i
based jet fuel and Figure 2 Webinar media archive
valuable ceproducts
from wood waste.The research team is proposing to develop a supply chain coalition and
processes for using forestry residuals (slash piles) and other wood waste (e.g. construction and
demoltion materials), isolating the sugars from the wood for conversion into an isobutanol
based jet fuel, and taking the leftover materials
Energy Literacy ARSI (a mix of lignins and sugars) to create other
R : - valuable ceproducts.
The first presenters were from a national
~ curricdum development neprofit
organization called Facing the Future (FHRF
creategylobal sustainability education
curriculum materials and provides professional
" = development for teachers. They presented a
. curriculum that they had developed in
partnership with the NARA project called
Fueling our Future (Hendrickson et al, 2014).
The second webinar featured an
Einstein Fellow from the Department of Energy
who presente@Energy Literacy Principles
EssentiaPrinciplesandFundamentaConcepts
for Energy Educatio®The Energy Literacf¥ramework is Oan interdisciplinary approach to
teaching and learning about energpOIE, 2013, which include seven essential principles and
associated foundational concepts that have been identified as the key concepts that people need
to understand in order toake informed energy decisions. The document was developed with
the input from over 20 educational partners and 13 federal agei@esso presented a
curriculum resourcehe Energy Literacy Matrighttp://energyliteracyprinciples.ongteveloped

Figure 1 Energy Literacy Webinar (credit: J. Sneideman)
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by members of the NARA team to facilitate the teaching and learning of energy literacy, with a
specific focus on bioenergy. It contains videos, research articles, presentations and lesson plans,
all alignedto the Energy Literacy Principles.

The third webinadrew on the expertise of a graduate student who was studying
successful methods for coaching Imagine Tomorrow teams. He presented his preliminary
findings, which were veryvell received by the particgting teachers.

The next three webinars were given by NARA researchers, who were asked to prepare a

 Fossit et Fuet [ _ o 20-minute presentation on their research
m— P W and its place within the overadtoject as
ety well as ideas for how aspects of their

g / e [ work might be feasible projects for
L& v | T & teams for the Imagine Tomorrow

competition.
T ) | The fourth Weblnarandthe first
of several researgbresentationsvas
given by a bioregional planner and

e wzon

ecaton  Crmbanes focused on supplghain logistics The
N e researchedescribed the wood to

— biofuels supply chainimportant regional
assets (e.g., rail lines, idle saw and paper
mills) for initiating a biofuels industry,

and different supply chain models based
on feedstock availability. Theupply

chain analysis provides a good platform
for addressing the social, economic and environmental aspects of doagexai biofuels industry

in the Pacific Northwest.

The fifth webinar delved into the process of Life Cycle Assessment with a pregentatio
by the research team responsible for investigahe overall environmental impacts of the
proposedvood-basediojet fuel (Figure 3) The researchers described the process of doing an
assessment, and their preliminary findings.

The sixth webinar featuragsearchers who are looking at ways to use some bfthe
andother OleftoverO material from the process of makingtbased bifet fuel to make co
products that cahelp to offset the cost of the fuel much in the same Walyglastics offset the
cost of petroleunbased fuels. Beyond this, these researchers hope to develop products that
increase the overall positive environmental impact ofathele enterprise (e.g. lignin products
can be used in activated carbon produas ¢an act as OscrubbersO to clean ufimhpower
plant emissions, or as biochar that is a agiendment).

The seventhandlastwebinar was a final checkn before thdmagine Tomorrow
competition. We asked teachers to have their student grplgedwideos of their presentations
using a privaté&’ouTubechannel (password protected and not shared in any way publicly to
avoid issues with minors and privacy). Workshop facilitators and other coaches were given the
opportunity to comment on each teamsentation. Comments largely came from workshop
facilitators.

BlwdPvep. = Opesmom g

M k2

e Prep & Travw et re  o-due Fnd Bia-set Fuel

Emasions 10 Av. Water aad Lang

Figure 3 Life Cycle Assessment (Credit: I. Ganguly)
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Format Two: Intensive four-day workshop delivered onsite with an online cohort
“following along”

In the second workshop format, we invited a cohort of teachers to come to ouafrglds
in McCall, Idaho,for a handson problembased workshopxploring many of the same concepts
addressed in the webinar series. As with the webinar series, the intensive workshop was
grounded in problerbased learning, pladeased pedagogies and useel NARA project as a
case study.

Within this context, we explored two overarching essential questions:
1) Is this a good idea? How do we define "good" when we ask if this is a good idea? By what
criteria should we evaluate if this is a OgoodO idea?
2) How do we know? By what measures do we know if something is "good"? What data do we
have to use in our evaluation? How are these data generated?
And these additional guiding questions:
1) How much wood waste is out there? (and how do we know?) (measurement)
2) How does wood become jet fuel? (conversion)
3) What do we do with the other stuff that doesn't turn into fueFpfoducts)
4) What are the potential social, economic, and environmental considerations in these
processes? (LCA and techroonomic analysis)
5) What aresome of the unintended consequences of this choice?

Participants

A total of 37 teachers participated in this intensive workshop; 17 teachers participated on site
and 20 teachers participatedine. The onlineversion was created throughout threweek
Workshopby workshopfacilitatorsand the onsite teachers throu

a "blog" format.Teachers were divided into four teams, each i
responsible for two blog posts over the course of the week. Th
total posts were prepared per day, two by workshop participan ‘
and one by workshop facilitators. A totalld blog updates were &
postedthroughthe course of the week.

Content

Throughout the course of the weegle had inperson
presentations frontwo members of the NARA research teamnd
pre-recorded lectures and webinars fréouar other researchers
We used several content resources thaspeeific to the NARA
case study: newsletters prepared by the communications tea
Oknowledge baseO that has original research articles related t

.....

woody biomassased bioenergy, and the Energy Literacy Matri., o < * 100t Peermadeby

Vol. 8, January 2015
ISSN: 21517452



Teacher Professional Development for Energy Literacy: A Comparison

Day one startedith an overview of the project and an introduction to our Obig queglions
We made root beer from scratch and asked the question, Ohow is making root beer like making
biofuel?O In other words,\ibu were investigating the possibility of starting a root beer business
in your community, what things would you consid&H?s prompted great considerations about
the available raw materials (feedstock), how to get it to where youOd be making therroot be
(transportation), if your community has the necessary skills (workforce), if there is a demand for
the product, and it would make sense from an economic standpoint. Some ventured into
questions about the environmental impact of making the produstagtivity was a great
mtroductlon to many of the considerations and concerns being addressed by the NARA team in

. : assessing the feasibility of woody biomass

based biofuels and associatedproducts. We
identified three main areas of interest in this
processbeconomi¢ social and environmental
advantages and concerns. These became the
basisfor three teamghatworkedtogether all
week to gather additional information to make
! arguments for and against creating a woody
biomass biofuel industry in the Pacific
Northwest based on economic, social and
environmental considerations.

Figure 5 Measuring the carbon sequestered in a tree
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Onday twq we exploredssues on the felstock end of the supply chain. The feedstock in
the NARA case study is largely forest residues from logging operations. These are-thgstree
limbs, needles and stumps that are currently not valuable for producing wood prodw@sts and
typically burnel on site. Howevedue to thehigh costof collecing, procesig, and transpoirig
thislow valuematerial its use as a V|able energy or fuel sowa:ebellmlted(Long and Boston,
2014). Furthermore, ' N
Omanagers hoping to use thigts
material as fuel wilheedto @
efficiently manage the loggingy
residue supply chain if they
want to generate competitive
energy rates. Thus, the first
step that is needed for
efficient management of the
supply chain is to accurately
measure the supply to plan th.
most efficientoperations for
the collection, processing, ang
transportation of this merO
(p. 200). In other words,
managers need to knahow
muchlogging residués out
there?@ graduate student
presented on his work using a terrestrial laser scanner to quagtifglthme of slash piles. The
teachers were given the taskmeasuring a slash pile by hand, using any methods they thought
appropriate. They compared the volumes they quantified with the volume determined by the
terrestrial laser scanner. This activity was based on research published by Long and Boston in the
Februay 2014 issue oforest Science. After comparing methods, we discussed the tradedbffs
each approactaccuracy, time needed to set up the laser equipment, cost).

We also completed an activity that
estimates the carbon that candiored
in a tree versus the amount of fuel that
could be created from the residuals of
that tree, and the number of air miles
that could be flown in a Boeing 747
with that fuel(Schon et al, 2014)

This led to a great discussiontbe
benefits of carbon sequestration, the
potential for avoided impacts of CO2
emissions by using the slash for jet
fuel instead of burning it onsite, and a
great math lesson where walculated
and comparethe Oseat miles per
Figure 7 Using_ sugar cubes_and peanut butter to teach a concept ga||ono of a Boeing 747 ta average
about converting biomass into fuel passenger auttVe alsodiscussdthe
need to understand impacts on soill

AT

-

TR

Figure 6 Using LiDAR to measure the volume of a slash pile
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productivity and nutrient cycling and the activities researchers are undertaking to understand
these impacts.

Finally, the teachers participated in an OAdventure Race@ategigsimulatall the parts of
the supply chain from trucking it out of the forest toénery to the end user. We used this
very physical and fun OraceO as a platfortistwiss the logistical considerations and the
economic, social and environmentapacts that have to be considewthin the supply chain
This was followed by our first researcher presentation. A bioregional planner discussed with us
how the project team is evaluating potential site locatmasmeans of transporting slash to
corversion sites.

Day three focused on the processafiverting woody biomass into jet fuéle led the
teachers iran activity that simulates the challenge of separating ligom frellulose and
hemicellulose by havinthemremove peanut butter from sugar cubes using various processes.
The sugar cubeserethen put into hot water. The clearer the water, the better job the teachers
did of separating out the OlignThe teacheveerethen challenged to find uses for the deftr
peanut butterThis activity led into a preecorded presentatidrom two researcheraho
explairedthe conversion and garoducts processel particular, heydiscussedctivated
carbonas a ceproductand its potential uses.

After the presentationeacherexploreduses for activated carbowe provided them with
various tools (activated carbon, various OcontaminantsO, tools for measuring soil moisture, nitrate
levels, etg.and we gave them the task of creating their own-ngisearch projects to determine
some uses for the productEhis was a largely open inquiry with some guidance from workshop
facilitators when groups were Ostidzk

Onday four, weconsideedthe big picturewith a focus orife Cycle AssessmenLCA).
According to the Environmental Protection Agency (EPAGAis a technique to assess the
environmental aspects and potential impacts associated with a product, process, or service, by:

« Compiling an inventory of relevant energy and material inputs and
environmental releases

« Evaluating the potential environmental impacts associated with identified
inputs and releases

« Interpreting the results to help you make a more informed de€ision

The morning lesson had teachers examine the life cycle impacts of their morning cup of
coffee. This provided a good scaffold for the
teachers to think about the kinds of impacts tt
might be measured withvaood-basediofuel.
We followed this lesson witkeveral lessons
from Fueling Our Future. Specifically, the
teachers explored benefits and tradeoffs of
various fuel types and their overall
environmental impacts (positive and negative
This prepared the teachers to listen to a
presentation froflNARA researchers who are
looking at the Life Cycle Analysis of biojet.
The goal with this biofuel is to reduce
greenhouse gas emissions by 60% compared " ¢ ® Stakeh"ldermee““g
a fossitfuel scenario. The team looking at Life
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Cycle Assessment is responsible for evaluating the poteftiais fuel to meet that target. The
teachers also participated in a mock stakeholder meeting that had them looking at the issue from
various perspectives that are realistically present within the broad biofuel discussion.
On the last dapf the workshp, the three groups presented their fipgsentationghat
« ca _ explored theenvironmental, economic and
SRS b - social implications of thevood-based
biofuels case studyrhey wereasled to
make a judgment about the project, telling
us their conclusions to our Obig questionsO
of: Isthis a good idea? How do we know?
What do you think? What evidence have
you found?Through discussion, they came
up with three principles for consideration.
Principle 1: just because we can doesnOt
mean we should. In other words, having the
technological sophistication or economic
incentives to bring this process to scale are

y # m “ not sufficient considerations. The whole

L Wl Sy pictureneeds to be analyzeuditically,

Poaesed wilh Conion” s e e especially with respect to unknown
environmental impacts. Principle 2: there is
strength in diversity, antthe related

Principle 3: donOt expect one right answer. In other words, foéddébtahe nationGenergy
challenges is not one single solutibat rather a complex mix of technological advances,
behavioral changes, multiple sources of energy and willingness at the individual and societal
scale to reduce our consumption. Theugrdecided that on this process overall they would
recommend Oproceeding, with cautidithere were unanswered questions about environmental
impacts, particularly with respect to soil amatrient cycling; these are on the Owatch listO as
they would recommend that the group move forward with the process.

Figure 9 Screen shot of the last blog post

Evaluation Questions
We asked several questions in our evaluation of these two programs, including:
i) What are the comparative strengthsl imitations of each approach relative
to best practices identified in the literature?
i) How do teachers benefit Iparticipating in thesexperiencs?
iii) How do scientists benefit kparticipating in these experiences?
iv) How does this interaction contribute to teachersO abilities to facilitate the
investigation of complex problems?
v) How compatible are online and hybrid online / onsite formats for supporting
placebased sustainability and probldrased education?
In this paper, we focus on the first evaluation questidihat are the comparative strengths
and limitations of each approach relative to best practices identified in the lite@thez?
papers, in development, will report on our findings for questidds.2
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Analysis
Using criteria identified by DeWaters and Powers (2011), Fischoff (2013), and Buxton

(2010) related to plaekased pedagogy, public science outreach and social problem solving
through science respectively, we reflected on each workshop faraé. 1 summarizesur
reflections on each approach with respect tahiity to address various criterion areas. In the
following discussion, we will elaborate on these reflections.
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Webinar Format Intensive Workshop Format
Criterion Strengths Limitations Strengths Limitations

"#$%"&'($)*(+,-"&'(./0112

Interdisciplinary holistic approach. Presenters came from a | Science, social science and An interdisciplinary and
variety of backgrounds. | engineering were better holistic approach was used

represented than humanities | to teach the concepts.
perspectives.

Improved flow of information between Provided direct contact | Technology made it difficult | Provided direct contact Desired more in-person

researchers and educators. between researchers and | to make contact two-way. between researchers and presentations.
teachers, with follow-up teachers, with follow-up
opportunities. opportunities.

Inclusion of global perspectives and the Curriculum focused on a Curriculum focused on a

relationship between global decisions and global issue with local global issue with local

local impacts. impacts especially the impacts highlighted across
LCA presentation. the curriculum.

Curriculum that is hands on, inquiry-based, | Workshop was a Online format did not easily | Grounded in a strong

experiential and grounded in problem- problem-based allow for this, though it is essential question, very

solving. framework grounded in | conceivable that it could. experiential and inquiry-
inquiry and experiential based and situated in a
methods. problem-solving

pedagogy.

Use of relevant projects and case studies. The NARA project As with the webinar series,
served as a case study The NARA project served
focused on the as a case study focused on
feasibility and wisdom the feasibility and wisdom
of using woody biomass of using woody biomass to
to create biojet fuel. create biojet fuel.

Use the local community as a learning lab. Imagine Tomorrow This could be addressed
projects often take place more effectively in helping
in the community. teachers to find local

resources for their study
once they return to their
communities.
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Webinar Format

Limitations

Intensive Workshop Format

Limitations

34'56,77(./0182(

Strengths

Strengths

Explicit goals that include understanding
about the audience.

The webinar series
overall had explicit
goals, and each session
had its own goals.

More effort could have gone
into understanding the
audience’s goals. For
example, teachers would
have liked more information
about the IT competition so
they could better prepare
their students for the
experience.

The intensive workshop
had explicit goals; each
presenter understood how
their presentation fit into
the bigger picture. Given
the intimate nature of the
workshop, it was easier to
understand the audience’s
needs and goals.

Consider the values, attitudes and beliefs that
the audience may hold and an effort to
connect learning to personal meaning for
participants.

Not always easy to get
participants’ feedback to
presenters so they knew if
they connected with the
participants; not always
possible to provide the
researchers with details about
the participants in advance of
their presentation.

Participants answered the
question “is this a good

idea” based on their own
evaluation of the process,
and through the lenses of
various values they hold.

Activities that support the overall learning
goals.

Activities were well
connected to learning
goals.

Activities were well
connected to learning
goals.

Efforts to gather assessment and evaluation
information to understand if goals were met.

Multiple forms of
evaluation and
assessment were used
including a pre- and
post- program survey,
focus group, and
interviews with the
presenters.

Multiple forms of
evaluation and assessment
were used including a pre-
and post- program survey,
focus group, and
interviews with the
presenters.
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Webinar Format Intensive Workshop Format
Criterion Strengths Limitations Strengths Limitations
9:;%,)(./0102 (
Recognize how “ways of thinking” This question was not The “triple bottom line” of
associated with our dominant culture have explicitly addressed, though | economic, social and
led to some of the nation’s environmental it is embedded in some of the | environmental
challenges. curriculum presented in the | sustainability was clear
workshop (e.g. Fueling Our | throughout the workshop.
Future)
Understand ways to make decisions that The Life Cycle The case itself has this as an | This was an emphasis
better support living in harmony with Assessment presentation | embedded question, but it throughout the workshop,
ecological systems. addressed this question | was not always at the though the economic and
explicitly. forefront of discussion. social perspectives
balanced it.
Connect these understandings to concepts These concepts easily These concepts easily
mandated by the science standards that connected with Common connected with Common
teachers need to address. Core and Next Core and Next Generation
Generation Science Science Standards.
Standards.
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Discussion

In interviews with teachers amdsearchers involved in these professional development
experiencestis clear that both educators and researchers benefitted in some capacity from both
workshop formats. For educators, they gained content knowledge, more sophisticated ways of
thinking alout energy, and pedagogical examples for the classroom. For researchers, they gained
the satisfaction that more people understand the importance of their work with respect to large
scale problensolving aml a better understanding of some of the perspectind values that Othe
publicO will bring to understanding the science they are engaged in. They also clearly benefit
from learning to communicate about their science to a broader audience benatisalithelps
them to get the message out, but alsphiiem to refine their thinking and define new
questions that may be gfeateimportance on a broad public scal&éese findings will be
discussed in detail in a manuscript currently in prapon

Both formats afforded opportunities to leafinewebinar serieattractedhe broader
geographic participation and connected more specifically with prebsesad learning within
their communities (though not all projects would have explicitly addressed concerns related to
place).The intensive workshodlawed for more indepth exploration of the content and an
explicit example of problerbased learning that teachers could bring back to their classroom
with or without the specific bioenergy content.

Interdisciplinary holistic approach

Both formats tok an interdisciplinary approac¢hat explored questions from social sc¢iie,
economic, scientific and political lens@is was done through presentations, readhmy,
handson exploration of concepts, and discusskresenters were selected fromioas fields
includingsocial science, engineering, chemistry and an ecaspithie latter, for a notable
example, is an economisho studies theenvironmental impacts of supply chaiMany of these
collaborators were meaind recruited iNARA workshops or meetingand selected for
capacities in communicating sciend@ecausehe NARA project itself uses an interdisciplinary
approach of looking at the Otriple bottom @oé&economic, social and environmental impacts, it
was naturato see this crosglisciplinary crosgollination in theeducational experiences using
this project as a case study.

Improved flow of information between researchers and educators

An important part of this process was theect connection between researclaard
educators, though each fornpddced limitations on this connectiohhe webinar format made
direct interaction between the researcher and the teacher difficult because of technology issues
arising from the formaitself. For example, participants eft needed to type their questions into
a chat box rathdreing able to ask thguestion directlyThis challenge wadue tobothtechnical
challenges with the software atiée challenge of managing audio inpwith a large grouge.g.
if the audiencé&udio input was not mutedudio feedback became an isslre}he intensive
workshop, facdo-face interaction proved to be mutually beneficial and engaging. However, it
was not always possible to get people there face to face and in some cases we relied
previously recorded material. Stiihy both casethe participants had access to scientific
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understandings that are just emerging. This flow of information, though imperfect, is an
improvement over waiting for research to become part of a textbook.

Inclusion of global perspectives and the relationship between global decisions and local
impacts; use of relevant projects and case studies

Both formatswere used to creatase studiebcused on makingiojet fuel from wood
waste. The premise efchis that a new fuel source can help to alleviate some global impacts
from carbon emissions, increase national energy security, and benefit local economies. The Life
Cycle Assessment portion of the content is particularly-sugted for discussions global
perspectives andf the relationship between global decisions and local impacts

Because both approaches were grounded infwmetled emerging research as casdisty
we had access to a lot of primary research texts and researcher presentatioddtet ha
recorded and posted online. From these texts and presentations, participants had access to a lot of
data.lt is important to note here that our teachers have the advantage of a direct connection to a
large-scale research project that is generatingyraticles, videos, presentations and
publications. These are available online but not all teachers immediately know where to access
this wealth of information. Part of our strategy is to compile these resources into more accessible
formats and to take ¢hprimary research and turn it into lesson plans that can be shared more
broadly.

Curriculum that is hands on, inquityased, experiential and grounded in probisatving

The webinar format makes hanois and experiential curricamore challenging, thayh
the whole workshop was situated within a probleased framework grounded in inquiry and
experiential methods for the Imagine Tomorrow student teams. We introduced the Facing the
Future curriculum calleBueling Our Futuresarly in the projecgtand ths provided teachers an
opportunity to engage their studentsicurriculum that is built on these principles.

The intensive workshop format was better suitegrovide handsn, experiential and
inquiry-baseccurriculum because of the fateface format and the extended time together. We
were able to conduct field experiments connected to work being done by the research team, and
we used handsn demonstrations to explain some of the chemistry.

Both formatsweregrounded in problermsolvingpedagogies. The intensive workshop
allowed teachers to conduct a problbased inquiry in small teams; the webinar series
supported teachers in working with their own students to engage in prebleimy. One of the
mostfrequently discussed outcomes of both workshops was being able to transfer learning and
pedagogy to their own classrooms.

Use the local community as a learning lab

The webinar series may have been more successful in helping participants think of ways
to use the local community as a learninghbalbause the focus of their learning were student
problemsolving teams often working on plabased problem$iowever not all teams had this
focus.This was a topic explored through early webinars. Particieskisd within the online
forum: what makes a good IT project? Veteran participants responded that local projects using
local knowledge were more successful.
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In the intensive workshop, effort was made to connect learning to place but more could
be done to sgxifically explore local impacts of this regiavide process that is connected to
global issues. For example, participants researched potentiatt@taleconomic and
environmental impacts of the supply chain but ttigynot investigatinghese impacts
specifically in their own communities.

Explicit goals that include understanding about the audience; activities that support the
overall learning goals

Both formats did have explicit goals that to different degrees incorparatistanthg
about the audiencéctivities were designed to support the overall learning goals in both formats,
and we gathered assessment and evaluation information to understand if goals wé&reerset.
could have been more effort in understanding the godlseadudience in the webinar format.
For example, teachers were really interested in having more information about the competition
itself so that they could better prepare their students for what the experience might entail. In
future years, we will spendare time in this area while still providing a good amount of content
material. Because of the intimate nature of the workshop, it was easier to develop an
understanding of the particular needs and goals of the audience. This may be a strength of
intensiveworkshos generallyin comparison to webinar

Consider the values, attitudes and beliefs that the audience may hold and an effort to connect
learning to personal meaning for participants

Within the webinar framework, it was not always easy to get feedback from participants
that would help presenters to understand if they were able to connect with the participants, and it
was not always possible to provide the researchers with a lot ahiaion about the
participants in advance of their presentation. This limited our consideration of the values,
attitudes and beliefs that the audience held. Each presenter was asked to think of ways that their
work might connect with student audiences. &ample, we asked each presenter to provide
examples of projects that students could do to address questions similar to those the researchers
were investigating. This led to some good interactions between the participants and researchers.
Additionally, through the OchatO feature of the webinar, we were able to hear participantsO
concerns and questions so that the presenters could address these in the question and answer
section if not directly in the presentation.

In contrast, lte intensive workshop forrharoved to be aatural placdor this to happen,
so it was in this format that we saw the most etimtonnect learning to personal meaning for
participants

Efforts to gather assessment and evaluation information to understand if goals were met

Multiple forms of evaluation and assessment were used including angr@ost
program survey, focus group, and interviews with the preseifiteegesults of these
assessments and evaluation will be reported in various other oNti&sthat his review of the
program design and curriculum in relation to principles identified in the literature is also a part of
our evaluation strategy.
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RecognizénowOways of thinkingO associated viitadominantWesterrculture have
led to some of our envinnental challengeand understand ways to make decisions that better
support living in harmony with ecological systems

The webinar format was less well suited for this speciiterion but the Life Cycle
Assessment presentation did allow participam&sxplore ways to consider an environmental
bottom line in addition to the more traditionally considered economic goals of a project. This
framework provides a way of thinking about living more in harmony with ecological systems.
The intensive format allved for more irdepth consideration of the Oways of thinkingO of our
dominantWesternculture and more holistic decisionaking. The idea of the Otriple bottom lineQ
of economic, social and environmental sustainability is a different way of thinking compared to
common business strategies and this case study lent itself particularly well to promoting the
consideration of these othienses.

Connect these understandings to concepts mandated by the science standards that
teachers need to address.

Finally, we understand that if teachers are going to incorporate this learning and these
concepts into their classrooms, we know that it needs to be connected to the Common Core and
Next Generation Science Standards. Both workshop formats were desigmdtbesat standards
in mind.

Conclusion

We found both formats to be successful in helping to build energy literacy and to
effectively address complex environmental challenges. Each approach had some benefits and
tradeoffs in comparison to the othand n comparison to the principles derived from the
literature. We would recommend that with either approach efforts are made to connect the
contentmore explicitlyto what is happening in participantsO own communities, and that more
space is provided to congir the individual goals and values of participants. In spite of these
limitations, we found both approaehito be valuable for learning and for advancing energy
literacy in teachers and in their ability to bring energy literacy to their students.
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