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Abstract 
The Virginia Commonwealth University’s (VCU) three-year National Oceanic and Atmospheric 
Administration (NOAA) Bay Watershed Education and Training (B-WET) grant worked with four 
school districts along the James River in Virginia helped teachers and the students they serve 
understand the role bivalves play in sustaining local watershed ecosystems. Two colleges across 
three centers at VCU contributed to the grant, which include the School of Education Center for 
Innovation in STEM Education, and VCU Life Sciences that included the VCU Rice Rivers Center 
and the Center for Environmental Studies. External partners included the Harrison Lake National 
Fish Hatchery-US Fish and Wildlife Service, the James River Association and the Chesapeake Bay 
Foundation to help deliver a comprehensive program. Students shared their stewardship eforts at 
the Virginia State Capitol. Five free environmental science modules (a collection of thematic lessons 
coupled with digital media) developed through this NOAA grant are housed at the the Virginia 
Department of Education “Go OpenVA” education portal. The modules present lessons in the 
following areas: a) virtual feld studies for mussels and oysters, b) online role-play experiences for 
mussels and oysters, and c) an online simulation integrating the impact and sustainability of mussels 
in an agricultural environment. 

Introduction 
As we move past the isolation in our school systems driven by the necessities of COVID, the Virginia 
Commonwealth University (VCU) School of Education is excited to share the positive outcome and 
experiences from a three-year National Oceanic and Atmospheric Administration (NOAA) Bay Watershed 
Education and Training (B-WET) grant for other science educators! This grant allowed working with four 
school districts (middle schools in Colonial Heights, New Kent County, Charles City County and Newport 
News) along the James River in Virginia to help teachers and their students understand the role bivalves 
play in sustaining local watershed ecosystems. We developed a blended (onsite and virtual exploration) 
of a Meaningful Watershed Education Experience (MWEE) that includes fve free environmental science 
modules for secondary teachers and their students. 

The Virginia Department of Education Open Education Resource portal, GoOpenVA, now hosts fve 
modules in a hub titled: VCU Watersheds Education Training Program, which provide a virtual investigative 
opportunity for students as they explore the role bivalves (mussels and oysters) play in sustaining local 

https://www.noaa.gov/office-education/bwet
https://www.noaa.gov/office-education/bwet
https://www.noaa.gov/education/explainers/noaa-meaningful-watershed-educational-experience
https://goopenva.org/about
https://goopenva.org/hubs/VCUWatershed
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watershed ecosystems. The modules cover present collections of lessons and digital media for both mussels 
and oysters related to: a) virtual feld studies, b) online role-play experiences, and c) an online agricultural 
simulation with mussels. 

Leveraging Bivalves for Learning Middle School Environmental Science 
This B-WET grant focused on increasing student understanding of the importance of protecting and 
restoring their local watershed along the James River that feeds into the Chesapeake Bay. Students were 
enveloped in a meaningful watershed educational experience (MWEE) using bivalves (oysters and mussels) 
as a contextual theme to connect all middle school students’ eforts under a single “bivalve” umbrella (upriver 
fresh water ecosystems and downriver brackish/salt water bivalves ecosystems). 

Students from participating middle schools engaged in hands-on investigations drawing from, and informed 
by, cutting-edge research being explored by leading researchers and near-peer graduate students at the 
VCU Center for Environmental Studies and the VCU Rice Rivers Research Center. Application of the 
research concerning bivalve ecosystems, their impact on watersheds, their viability to the VA economy, and 
sustaining their local environment were topics shared as part of the teacher professional development. In 
turn participating teachers then translated this for their students that included topics, such as the ecological, 
economic, and cultural impacts along the James River (upriver for fresh water mussels where urban and 
rural middle schools resided) and downriver where saltwater oyster bivalve ecosystems were discussed. 

Figure 1. John (Jack) Reid-Ryan, a Graduate Student in VCU Life 
Sciences, working with students as they create their own clean 
water flters to emulate bivalve water fltration  
Photo Credit: Al Byers 

Figure 2. Dr  James Vonesh helps teachers in hands-on experience in conducting stream study 
lessons they can do with their students such as water fow, quality, and turbidity  
Photo Credit: Terry Brown 

Figure 3. Casey Johnson (left), a Graduate Student in VCU 
Life Sciences, assists participating district teachers in stream 
measurements at the VCU Rice Rivers Center  
Photo Credit: Terry Brown 

This efort was led by knowledgeable science education experts 
through VCU School of Education, adept in facilitating the latest 
pedagogical strategies expressed in the National Academy K12 
Frameworks for Science Education (National Research Council, 
2012), the Next Generation Science Standards (National Research 
Council, 2013), and lesson development tools such as, developing 
rich storylines, grade-level appropriate investigable phenomena, 
and unpacking and intertwining the disciplinary core ideas of 
science through science and engineering practices (Tyler, B., & 
DiRanna, K., 2018). 

The VCU team of expert educators, life science researchers, 
and graduate students worked side-by-side with their in-school 
teachers and district instructional colleagues from each 
participating school. Together they forged an efort that 

https://ces.vcu.edu/
https://ricerivers.vcu.edu/
https://soe.vcu.edu/
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ensured a high impact, science, technology, engineering, and mathematics (STEM) hands-on active learning 
experience for all participating students in their school. This occurred through integrated classroom 
activities supported via mini-grants, classroom visits from VCU faculty and graduate students, all tightly 
coupled to a locally relevant, authentic, and socially impactful environmental issue experienced frst-hand 
through a student-led outdoor watershed project. 

An initial summer teacher professional learning model launched the experience at the VCU Rice Rivers 
Center with hands-on lessons, onsite feld experiences, subject matter expert discussions, and facilitated 
pedagogical teacher-teacher implementation dialog for their unique audiences along the James River 
continuum: 

n	oysters versus mussels depending on their location along the James River 

n	agricultural versus urban themes given their geographic regions along the James River 

n	environmental themes for mussels: threatened & endangered and invasive species, and 

n	environmental themes for oysters: commercialism (aquaculture) versus conservation 
(sanctuaries). 

External partners, that included the Harrison Lake National Fish Hatchery with Rachael Mair, The 
Chesapeake Bay Foundation and the James River Association, also provided keen insights with hands-on 
tours, lectures, and observation of their role in replenishing mussels for the James River and beyond. The 
frst year culminated with each school bringing teams to the Virginia State Capital where they shared their 
learning and ideas for their local future stewardship action projects. This efort was a transformative 
culminating experience, where students were able to showcase their year-to-date eforts to their elected 
state representatives and the Agriculture Chesapeake and Natural Resources committee. Students were 
recognized via a proclamation from both the VA congressional house of delegates and senate foors coupled 
with an National Science Foundation (NSF)-funded efort video: STEM for All Showcase video to document 
their experience. 

Relevant Storylines Drive Meaningful Watershed Investigations 
There are powerful James River storylines that were closely intertwined in our eforts that teachers gained 
practice as part of their professional learning to implement into their classrooms. We conjoined the authentic 
and locally relevant storylines with local watershed water-quality investigations and related student 
stewardship projects. VCU faculty and graduate student interactions, synthesized the efort and catalyzed 
student curiosity and learning through active environmental engagement. 

For example, one storyline in the upper James River concerns freshwater bivalves (mussels). These bivalves 
remove vast quantities of algae and bacteria (among other contaminants) from the river, fltering millions 
of gallons of water daily. They repackage organic food for aquatic insects, which serve as food for fsh, and 
stabilize the river bottom during high water fows. Not only are native freshwater mussels essential to 
maintaining a vibrant ecosystem and biodiversity, they serve as our “canaries in the coal mines,” providing 
keen insight as the leading indicators into the health—or precipitous decline—of our global freshwater 
ecosystems. The United States is home to a signifcant majority of freshwater mussel species in the world 
(300 species from the 1,000 across the globe), and Virginia alone is host to over 20 threatened and endangered 
bivalve species. Students compared and contrasted invasive species threat on native mussels in the Upper 
James River as they tested water quality linked to their learning about the positive impact freshwater mussels 
provide for their local ecosystem. 

Unfortunately, as students will discover, freshwater mussels are the most diverse threatened and endangered 
(T&E) freshwater species, and one species (James spinymussel Pleurobema collina) is found in our upper 
James River. Through hands-on feld observation and data comparisons, students uncovered that poor water 

https://soe.vcu.edu/news/transforming-student-learning-through-watershed-experiences.html
https://www.fws.gov/fish-hatchery/harrison-lake
https://www.cbf.org/index.html
https://thejamesriver.org/
https://soe.vcu.edu/news/archived-articles/local-students-visit-state-capitol-as-part-of-stem-grant.html
https://multiplex.videohall.com/presentations/1663.html
https://freshwaterblog.net/2016/10/27/freshwater-species-populations-fall-by-81-between-1970-and-2012/
https://dwr.virginia.gov/wp-content/uploads/freshwater-mussel-heritage.pdf
https://dwr.virginia.gov/wp-content/uploads/freshwater-mussel-heritage.pdf
https://www.fws.gov/species/james-river-spinymussel-pleurobema-collina
https://www.fws.gov/species/james-river-spinymussel-pleurobema-collina
https://www.fws.gov/species/james-river-spinymussel-pleurobema-collina
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quality, changing habitat conditions (chemical contaminants, sedimentation), and invasive species, such as 
the introduced Asian clam (Corbicula), are inficting a dangerous decline of our native James River freshwater 
mussels. Simple student-derived questions may arise, such as: 

n	What is so harmful about the Asian Clam; and how did it get here? 

n	If the Asian clam shell is harder than the native species, wouldn’t that make it hardier and more 
resilient against contaminants 

n	If it is larger, wouldn’t its fltering capabilities produce more clean water? 

This leads to more student-generated questions and opportunities to compare and contrast proposed 
benefcial and detrimental impacts. Native freshwater mussels play a multidimensional role in the ecosystem. 
With the James spinymussel’s smaller and sofer shell, it might be a critical food source, readily available for 
other animals in a complex food web in which the Asian clam is not. Losing one or two species could cascade 
into losing many more. 

Online Learning: Bivalve Watershed Modules 
As COVID restricted classroom access and student feld experiences, we shifed to generating a series of 
online modules for virtual exploration and learning of the bivalve content. We hosted a series of webinars 
with our teachers to discuss how to implement the NOAA Oysters in the Chesapeake Bay lessons in a virtual 
setting that included student virtual showcases of what they learned through the lessons and stewardship 
planning this past year. In addition, we collaborated with our participating schools in planning content 
to create opportunities for virtual feld testing for oysters and mussels as well as accompanying role-play 
experiences for bivalves and collaborated with Iowa State University to augment their People in Ecosystems 
Watershed Integration (PEWI) agricultural simulation to include the ecosystem services and impacts on 
mussels in a local stream. Research-based instructional design strategies, formative pilot testing, role-play 
research, and the 5E learning model were employed to ensure sound instructional resources and adherence 
to the Next Generation Science Standards (NGSS) (Bybee, R. W., 2015; Dick, W., Carey, L., & Carey, J. O., 2008; G. 
Wiggins, J. McTighe, 2005; Linser, R., 2019; National Research Council, 2013). In the second article that goes 
into depth on each module, a close alignment and identifcation to specifc NGSS standards are described. 

The Virginia Department of Education Open Education Resource portal, GoOpenVA hosts the fve modules 
in a single hub titled: VCU Watersheds Education Training Program that provide a virtual investigative 
opportunity for students as they explore the role bivalves play in sustaining local watershed ecosystems. The 
online environmental science module titles are listed below. 

Individual Bivalve Watershed Modules: 

n	VCU Chesapeake Bay Watersheds Oyster Field Studies: Middle School Lessons 

n	VCU Chesapeake Bay Watersheds Mussel Field Studies: Middle School Lessons 

n	VCU Chesapeake Bay Watersheds Oysters Role Play: Secondary Lessons 

n	VCU Chesapeake Bay Watersheds Mussel Role Play: Secondary Lessons 

n	VCU Chesapeake Bay Watersheds People in Ecosystems Watershed Integration (PEWI) 
Mussel Simulation 

PDF presentations sharing the modules are also available as teacher resources. 

n	VCU: The Role of Bivalves in Sustaining Watershed Ecosystems.pdf 

n	VCU: Role-Play Experiences Sustaining Watershed Ecosystems.pdf 

n	VCU: PEWI (mussel simulation) and Watershed Ecosystems.pdf 

https://oceanservice.noaa.gov/education/oysters-in-the-chesapeake-bay/welcome.html
https://goopenva.org/
https://goopenva.org/hubs/VCUWatershed
https://goopenva.org/curated-collections/75?__hub_id=25
https://goopenva.org/curated-collections/74?__hub_id=25
https://goopenva.org/curated-collections/71?__hub_id=25
https://goopenva.org/curated-collections/72?__hub_id=25
https://goopenva.org/curated-collections/96?__hub_id=25
https://goopenva.org/curated-collections/96?__hub_id=25
https://goopenva.org/curated-collections/96?__hub_id=25
https://goopenva.org/curated-collections/96?__hub_id=25
https://drive.google.com/file/d/1VoRptKN9RYlprLGzBgiNSjgm16AmKC9Y/view?usp=sharing
https://drive.google.com/file/d/1WbeJ61zfkZl0oXB1z-csfyjS2mCOA1s-/view?usp=sharing
https://drive.google.com/file/d/1prIbsntpKC2tHsmLShQSyJ8guwi2x7w_/view?usp=sharing
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Figure 4. VCU faculty and graduate students pictured with teachers from the four participating districts: Colonial Heights, New Kent, Charles City County and Newport 
News celebrate their learning at the VCU Rice Rivers Center  Photo Credit: Terry Brown. 

Summary 
A Meaningful Watershed Educational Experience served as the framework for our program design and 
implementation with teachers. Students shared their plans for their stewardship action projects with 
representatives at their state capital and via an overview video. A deeper student appreciation and 
understanding of the important role bivalves play in our ecosystem was confrmed through: a) students feld 
studies and issue identifcation, our observations and engagement with students during school visits, and the 
student teams sharing their local stewardship action projects at the Virginia State Capitol. 

Online educational support curriculum modules assist teachers with virtual feld studies, online role-play 
experiences and an online agriculture simulation exploring the impact of mussels. The fve modules were 
developed in partnership with the following leadership: Principal Investigator (PI), Dr. Al Byers, Co-PI, Dr. 
Elizabeth Edmondson and Ms. Sue Kirk, Project Coordinator in the VCU School of Education, Co-PI Dr. Greg 
Garman, Director at the VCU Rice Rivers Center and Co-PI Dr. James Vonesh, Assistant Director at the VCU 
Center for Environmental Studies. The resources are assembled into a single hub at the Virginia Department 
of Education GoOpenVA Open Education Resource portal titled: VCU Watersheds Education and Training 
Program. 
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Virtual Field Studies, Role-Play Experiences, 
and Simulations: The Role Bivalves Play in 
Sustaining Local Watershed Ecosystems 
Dr. Al Byers, Dr. Elizabeth Edmondson, Suzanne Kirk, Dr. James Vonesh, Dr. Greg Garman 
Virginia Commonwealth University 

Eastern Oyster (Crassostrea virginica) Photo Credit: (c) Jessica Utrup, some rights reserved (CC BY-NC) 

Abstract 
Five free environmental science modules, developed by the Virginia Commonwealth University’s 
(VCU) School of Education, the VCU Center for Environmental Studies and the VCU Rice Rivers 
Center, explore the role bivalves (mussels and oysters) play in sustaining local watershed ecosystems. 
Developed in collaboration with teachers and their students from four school districts along the 
James River in Virginia, the modules (a collection of thematic lessons coupled with digital media) 
are housed at the Virginia Department of Education GoOpenVA Open Educational Resources 
(OER) Portal. The modules include: a) virtual feld studies for mussels and oysters, b) online role-
play experiences for mussels and oysters, and c) an online simulation integrating the impact and 
sustainability of mussels in an agricultural environment. 

Introduction 
To assist teachers in implementing environmental science for secondary school students, fve free environ-
mental science modules are available online at the Virginia Department of Education’s Open Educational 
Resources Portal. From this portal, teachers can download, edit, augment and share environmental 
science lessons with others. The modules elaborate and engage students in learning about the ecosystem 
services bivalves (mussels and oysters) provide upriver (mussels) and downriver (oysters) feeding into the 
Chesapeake Bay. 

Bivalve Watershed Module Overview and Access 
Modules 1 and 2: VCU Chesapeake Bay Watersheds Oyster and Mussel Field Studies: 
Middle School Lessons 
We wanted to provide schools with a sequence of lessons that would allow students to conduct a Meaningful 
Watershed Education Experience (MWEE) with a focus on bivalves either virtually, hybrid, or face-to-face. 
We identifed the 5E learning cycle as a lesson design framework, incorporated strategies from problem-
based learning, and identifed technologies that would be useful in virtual and face-to-face environments (See 
Table 1). The technology employed for modules 1 and 2 included the use of ArcGIS StoryMaps, Google Earth 
Project, and Thinglink. The oyster and mussel feld studies modules may be accessed at the end of this article. 

https://storymaps.arcgis.com/
https://earth.google.com/
https://earth.google.com/
https://www.thinglink.com/en-us/
https://www.inaturalist.org/photos/96140344
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Table 1. Lesson Design Features Used in the Modules 

MWEE Components issue defnition, 
The Meaningful Watershed Educational Experience outdoor feld experiences, 
(MWEE) is a learner-centered framework that focuses on synthesis and conclusions, and 
investigations into local environmental issues and leads to environmental action projects 
informed action  

5E Learning Cycle BSCS Model (Bybee, R W , 2015): Engage, Explore, Explain, 
Elaborate, Evaluate 

Problem-based learning Sterling Model (Sterling D R , 2007): Engage in a real-world 
problem, fnd out what students know and want to know, 
develop a question map to drive instruction and lesson 
development, conclude solution(s) to the problem  

Technologies Identifed Use of ArcGIS StoryMaps, Google Earth Project, and 
Thinglink 

For the initial lesson, Lesson A, we decided an important frst step was to provide an overview of bivalves to 
students before engaging them in the problem. The next lesson, Lesson B, presents the problem students will 
work to develop solutions for and has them develop a chart (Lessons C-K) with what they know and want to 
know (KWL) about the problem. Table 2 provides a description of each of the lessons that follows these two. 

Module 3 and 4: VCU Chesapeake Bay Watersheds Oysters and Mussels Role Play: 
Secondary Lessons 
A Role-Play Experience or simulation is “a dynamic artifcial environment representing a simplifcation 
of a real or fctional social system in which participants interact with one another as roles with given 
characteristics, objectives and relations (social rules) to one another are provided within a specifed scenario 
(set of conditions/state of afairs).” (Linser, R, 2019). Linser’s research suggests that when students are allowed 
to choose an authentic role with open-ended outcomes and working 
collectively as a team in their role, their level of engagement and 
cognitive efort positively increases. 

In our Role Play Experience, students explore the science underlying 
ecosystem management by playing the roles of the various stakeholders 
(individuals and organizations) involved in oyster and mussel 
management. Students examine the authentic issues, problems and 
possible solutions to oyster and mussel management through their 
investigative eforts as they review articles, videos, data sets, and 
generate synthesized content to share with other students. Moreover, by 
participating, they create a collaborative experience by which they learn 
from each other about the subject under investigation. Each authentic 
role (where multiple students can imbue a single role) generates a 
breadth of issues to investigate and discuss, enabling all participants to 
engage in deeper understanding of the complexity and application of the 
subject matter. 

Students work in small teams and develop a role they select. This 
experience strongly aligns to the Next Generation Science Standards 
(NGSS) and the K12 Frameworks for Science Education (National 
Research Council, 2012; National Research Council, 2013). Deeper 
learning of the disciplinary core ideas of science are facilitated as 
students’ curiosity is sparked through asking their own driving 

continued on page 16 

Ties to NGSS 
Students will have the opportunity to engage 
in the following Science and Engineering 
Practices via the role-play experiences: 

• Analyzing and interpreting data, 

• Constructing explanations (for science) 
and designing solutions (for engineering) 

• Engaging in argument from evidence 
(claim-evidence-reasoning) 

• Obtaining, evaluating, and 
communicating information 

The following Performance Expectations are 
investigated and unpacked through the role-
play experiences in the following areas: 

• MS-LS2-1 Ecosystems: Interactions, 
Energy, and Dynamics 

• MS-LS2-2 Ecosystems: Interactions, 
Energy, and Dynamics 

• MS-LS2-3: Ecosystems: Interactions, 
Energy, and Dynamics 

• MS-LS2-4: Ecosystems: Interactions, 
Energy, and Dynamics 

• MS-LS2-5: Ecosystems: Interactions, 
Energy, and Dynamics 

https://www.nextgenscience.org/pe/ms-ls2-1-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-1-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-2-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-2-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-3-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-3-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-4-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-4-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-5-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-5-ecosystems-interactions-energy-and-dynamics
https://www.noaa.gov/education/explainers/noaa-meaningful-watershed-educational-experience
https://bscs.org/reports/the-bscs-5e-instructional-model-origins-and-effectiveness/
https://bscs.org/reports/the-bscs-5e-instructional-model-origins-and-effectiveness/
https://bscs.org/reports/the-bscs-5e-instructional-model-origins-and-effectiveness/
https://bscs.org/reports/the-bscs-5e-instructional-model-origins-and-effectiveness/
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Table 2. Sequence of Lessons for Mussels and Oysters 
The teacher can decide which bivalve they desire to investigate after doing lesson A and B, 

based on their own preference of bivalve (freshwater or saltwater) 

Mussels Oysters 

Lesson A: Bivalves- What are they? 
This lesson is designed as an engage lesson to introduce students to the two organisms studied in the Bivalves as 
Ecosystems Sustaining Treasures (BEST) in Bay Watershed Project  Students will engage with images of mollusks to learn 
which are bivalves  

Lesson B: An Introduction to the Problem 
Problem: For many years, scientists have been observing a decline in the freshwater mussel and saltwater oyster 
populations This decline is signifcant as it impacts the ecosystems they live in  From this point in the fow, teachers select 
which bivalve they desire to investigate with lessons generated for each bivalve (mussels or oysters)  (MWEE Step 1) 

Lesson C: Background on Mussels 
Students learn more about mussels, including: 

• Various Freshwater Mussels 

• Mussel Classifcation and Structure 

• Locations of Mussels 

• Comparison to Saltwater Mussels 

• Graphs- Data tables with numbers over time and 
analysis of data patterns 

• Use of Mussels through time 

Lesson C: Background on Oysters 
Students will learn more about oysters, including: 

• Various Types of Oysters 

• Classifcation and Structure 

• Locations of Oysters 

• Comparison to other bivalves 

• Graphs- Data tables with Numbers over time and 
analysis of data patterns 

• Use of Oysters through time 

Lesson D: The Role of Mussels in the Ecosystem 
Lesson is designed to allow students to collect information 
about the role that mussels play in their ecosystem and the 
watershed that they live in  

• Review abiotic and biotic factors 

• Determine the abiotic and biotic factors in the 
mussel ecosystem  

• Examine the role of mussels in their ecosystem: 
what is their function/job? 

• Learn their place in a food chain and food web  
Learn the role of plankton in the chain/web  

• Identify their watershed and the watershed of the 
mussels 

Lesson D: The Role of Oysters in the Ecosystem 
Lesson is designed to allow students to collect information 
about the role that oysters play in their ecosystem and the 
watershed that they live in  

• Review abiotic and biotic factors 

• Determine the abiotic and biotic factors in the 
oyster ecosystem  

• Examine the role of oysters in their ecosystem: what is 
their function/job? 

• Learn their place in a food chain and food web  Learn the 
role of plankton in the chain/web  

• Identify their watershed and the watershed of the oysters 

Lesson E: Mussel Life Cycle Lesson E: Oyster Life Cycle 
Students collect information about the life history of mussels  Students collect information about the life history of oysters  
Explore the life history of mussels and the components that Explore the life history of oysters and the components that 
can be impacted by variations in their ecosystem can be impacted by variations in their ecosystem  

Lesson F&G: Water Quality in their Ecosystem 
Students use standard water-testing equipment to test and record precise measurements of water quality for samples from 
local natural sites Through analysis of the data, they will relate water-quality parameters’ relevance to aquatic ecosystem 
health  (MWEE Step 2) 

Lesson H: Human Impact 
Students are introduced to the impacts of human activity 
on the health of watersheds  Both point source and 
non-point source pollution are investigated and used to 
evaluate the health of the Chesapeake Bay and the James 
River  Finally, students will be asked to consider ways the 
human impact can be modifed to improve water quality 
and bivalve habitat  

PEWI Simulation (separate module) 
Students test out various scenarios impacting water quality 
and mussel population size  

Lesson H: Human Impact 
Students are introduced to the impacts of human activity on 
the health of watersheds  Both point source and non-point 
source pollution will be investigated and used to evaluate the 
health of the Chesapeake Bay and the James River  Finally, 
students will be asked to consider ways the human impact 
can be modifed to improve water quality and bivalve habitat  

PEWI Simulation (separate module) 
While focused on mussels, this sim could be used to consider 
various impacts on water quality and biodiversity for those 
interested in oysters  
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Mussels Oysters 

Lesson I: Restoration Efforts 
This lesson is designed to allow students to learn about 
restoration efforts at the Harrison Lake National Fish 
Hatchery including: 

• The role of hatcheries in restoring fsh and mussel 
populations 

• How mussels are raised in a laboratory setting and 
how that is similar and different from their life history 
in their natural habitat 

Lesson I: Restoration Efforts 
This lesson is designed to allow students to learn about 
restoration efforts through the Virginia Oyster Shell Recycling 
Program (VOSRP)  Students will: 

• Brainstorm reasons why oyster populations in Virginia 
need to be restored 

• Learn about the role of VOSRP in restoring oyster 
populations in the Bay 

• Learn about how restaurants, nurseries, haulers, and 
volunteers make VOSRP possible 

• Learn how a shell is recycled  

• Learn which months are for preparation and which 
months are for oyster larvae attachment 

Lesson J: Synthesizing our Learning 
Students will identify, synthesize, and apply evidence from 
their investigations to draw conclusions and make claims 
about the issue, problem, or phenomenon They convey data 
and information about their investigations, conclusions, and 
claims to audiences ranging from classrooms to the larger 
public community  The focus is on putting together what 
they have learned about the overarching question rather 
than inspiring action  (MWEE Step 3) 

Lesson J: Synthesizing our Learning 
Students will identify, synthesize, and apply evidence from 
their investigations to draw conclusions and make claims 
about the issue, problem, or phenomenon They convey data 
and information about their investigations, conclusions, and 
claims to audiences ranging from classrooms to the larger 
public community  The focus is on putting together what they 
have learned about the overarching question rather than 
inspiring action  (MWEE Step 3) 

Lesson K: Taking Action 
Once students have generated a conclusion, they should work in small groups or as a class to brainstorm and evaluate 
solutions, and then take action! Throughout this process, teachers play an important facilitation role by forming groups, 
moderating, and answering questions, while students drive the decision-making, planning, and implementation in an 
age-appropriate way Action projects may include stewardship, civic action, or a combination of both  Students refect on 
the action and determine the extent to which the action successfully addressed the problem, challenge, or opportunity 
refected in the conclusion  Students may also share proposals for sustaining or extending the action  (MWEE Step 4) 

questions to locally authentic challenges in the 
world in which they live. 

Pilot testing is critical to improve the 
efectiveness of newly developed lessons 
(Tessmer, M. 1993). The input from practitioners 
implementing the lesson based on desired 
learning outcomes with students was invaluable 
and part of any rigorous instructional design 
model (Dick, W., Carey, L., and Carey, J.O., 2008; 
Wiggins, G. and McTighe, J., 2005). This efort 
involved in-depth teacher and student feedback 
on the module lessons. In addition, we asked 
whether it altered their view, and if so, how? We 
collected anonymous student work products, 
gathered tips for implementation, and asked 
how to augment the lesson for diferent student 
audiences. Teacher feedback was incorporated 
into revisions.  

Teacher Feedback Questions 
Guided Revision 
Please describe the adequacy of the information 
presentation and activities, practice, review and/ 
or assessments for these experiences. 

l	Was there sufcient instructor scafolding in 
the material to help you implement it with your 
students, such as background information for 
teachers, and detail for activity implementation? 

l	If you were recommending one or more of the 
lessons to colleagues, what “critical” tip would 
you suggest to help them improve the lesson’s 
efectiveness? 

l	Given your student-make-up, how might the 
lessons be augmented for those with particular 
special needs, gifed, or ELL students? 
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The objective for the role-play experiences for students is to 
critically investigate and understand the complexities of oyster 
and mussel management in the Chesapeake Bay area and its 
rivers. Students explore how oysters and mussels sustain our 
watershed ecosystems. 

The big picture components for the role play includes the 
following: 

n	Students assume interactive roles such as watermen, 
consumers, environmentalists, 
scientists, and government administrators. 

n	Students working in teams (2-4) explore how their roles 
intersect in complementary and competing ways and 
debate their unique role agendas & issues. 

n	Problem-solve authentic challenges addressing 
conservation versus commercialism (oysters) and 
threatened & endangered species (mussels). 

n	Students use data as evidence to support their claims / reasoning and to advance their agenda issues 
via student-student discourse. Teachers facilitate. 

The role-play experiences aim to familiarize students with the scientifc concepts underlying: 

n	how organisms within an ecosystem are dependent on one another and on non-livingcomponents of 
the environment. 

n	the interactions within and among populations in a biological community such as competition, 
cooperation, social hierarchy, territorial imperatives and infuence they have on each other. 

n	the adaptations of organisms to biotic and abiotic factors, and their dynamic changes over time. 

One of the most fundamental aspects of any role-play simulation is the persistence of students’ ‘suspension of 
disbelief ’ and identifcation with their role. They must come to believe that they embody the roles they play, 
and in their relationships and interaction with other roles within the authentic context and scenario. Thus, 
teachers must emphasize to students that they are acting on behalf of their organizations and constituencies, 
not as themselves. 

Each role play begins with an authentic scenario where students are then led to ask their own driving 
questions, investigate articles, resources that support their unique role and organization. 

Figure 1. Volunteers at the VCU Rice Rivers Center shovel recycled 
oyster shells from 60+ restaurants that are seeded with baby 
oysters (spat), returning millions of oysters to sanctuaries in the 
Chesapeake Bay  Photo Credit: Todd Janeski 

Mussels Die-Off Scenario: What do we know and what can we do about it? 

This authentic scenario addresses land-use practices and their related issues such as: a) sedimentation rates, water 
quality, and stream-channel mobility  Freshwater mussels flter out algae, silt and pollutants, making waterways 
habitable for other aquatic life  Recently, many different species of mussels are experiencing mass die-offs  
Researchers are struggling to understand why  

The Challenge: Review and identify the causes and possible solutions to mussel die-offs, and to evaluate the 
scientifc evidence for managing and reversing the stresses on the mussel population in the Chesapeake Bay, and to 
use this data as evidence to support their position through student-student discourse, voting on issues and actions 
to share with others via a conference  
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There are fve discrete stages to the role play: 

Stage 1: Students review actual roles that they can select (scientists, engineers, regulators, 
environmentalists, etc.) 

Stage 2: Students review the role profle with the team, generate a role profle and create a position 
statement to share (identify a single agenda for the profle and organization) 

Stage 3: Interview other roles, review other role profles, create position statement 

Stage 4: Host moderated conference where diferent roles share out their issues, vote on the top 5 issues 
across all organizations, generate resolutions for action regarding the challenge 

Stage 5: Students debrief about the experience, refecting on their position, how difcult or easy it was to 
collaborate with others, and did their position change in light of the student-student discourse. 

Mussels Die-Off: Guiding Questions 
1. What programs have been initiated or 

planned by your organization to overcome 
the issue? 

2. What scientifc evidence supports these 
programs? And what further research 
would your organization recommend? 

3. What does your organization need to be 
able to implement such programs? In what 
ways can other organizations help your 
organization to achieve its aims? 

4. What are the difculties that you encounter 
in your eforts to achieve the aims of your 
organization? 

Students take on the roles of specifc individuals 

Figure 2. A male and female life science ecologist prepare to scuba dive in the 
James River to restore the mussels in sacks grown at the Harrison Lake National 
Fish Hatchery, a partner of the VCU Best in Bay Watersheds grant  Photo Credit: Al Byers 

whose career function is highlighted in Table 1. 
Roles include actively employed environmentalists, 
researchers or elected state regulatory agency individuals. 
Digital media (articles, video and audio are provided as 
links in the modules) to assist students in researching their 
various roles. 

Figure 3. Sample article from many identifed as 
resources for students’ investigations based on 
their selected team for the role-play experience 
and student-student argumentative discourse  
Photo Credit: Sarah Vogelsong 
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 Oyster Management Scenario: 
What can we do to revive the population of Chesapeake Oysters? 

Eastern oysters make up one of the Chesapeake Bay’s most valuable commercial fsheries  Oysters are also flter-
feeders that help to clean the waters and provide food and habitat for animals  Over-harvesting, disease, and habitat 
loss have led to a severe drop in oyster populations  Scientists, environmentalists, and resource managers are 
working to manage harvests, establish sanctuaries, overcome the effects of disease, and restore reefs  

To this end, the Secretary of Natural Resources in the Offce of the Governor of the Commonwealth of Virginia, 
Matthew J  Strickle, together with the Chesapeake Bay Commission, have called for a conference of stakeholders to 
present their programs and efforts and to discuss their needs  

The aim of the conference is to review the various oyster-recovery programs in the Chesapeake Bay and evaluate 
the scientifc evidence that supports them  Further, the Commonwealth of Virginia also seeks suggestions from 
stakeholders on further integrating the scientifc evidence to improve its Environmental Literacy program  

The Challenge: Achieving a balance between the needs of the stakeholders is crucial to the success of the oyster-
recovery program  

Students select their role to work as a team of 2-4 in a group assuming the career duties of real people across 
diferent agencies, universities and non-proft environmental organizations. 

Below are questions to address as you prepare to attend the conference, support your position given the 
role you will play and the organization’s mission you are supporting (watermen/fshermen, farmers, 
consumers, environmentalists, scientists/researchers, government administrators, and individuals 
representing the media). 

The conference (scheduled approximately 2 weeks into the role play experience) seeks to produce draf 
resolutions to guide further eforts. Digital media (articles, video and audio are provided as links in the 
role-play modules) to assist students in researching their various roles. One example includes the actual 
audio from a Virginia Marine Resources Commission meeting (3:46 min) that debates opening up an oyster 
sanctuary along the James River. 

Oyster Management: Guiding Questions 
1. What programs have been initiated or planned by your organization to overcome the issues above? 

2. What scientifc evidence supports these programs? And what further research would your 
organization recommend? 

3. What does your organization need to be able to implement such programs? In what ways can other 
organizations help your organization to achieve its aims? And what are the difculties that you 
encounter in your eforts to achieve the aims of your organization? 

4. Finally, in what ways does your organization support the Environmental Literacy program? And 
what suggestions do you have to further this project with the aid of government agencies and other 
organizations? 

In closing the discussion on the oyster and mussel role play modules, the process is one that allows students 
to learn the science and engage in the practices of argumentative student-student discourse through a claims-
evidence-reasoning approach espoused in the NGSS. 

https://drive.google.com/file/d/1EdDMjjbPvFGOodTC5Aev6F9vXiW2J7Gk/view?usp=sharing
https://drive.google.com/file/d/1EdDMjjbPvFGOodTC5Aev6F9vXiW2J7Gk/view?usp=sharing
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The roleplay modules employ a strategy to help students facilitate evidence-based discussions using 
“accountable” talk sentence stems (Tyler, 2018). These help students frame their question to an opposing 
group in the RPE that may be presenting an alternative view on an issue (mussels or oysters). Students should 
ground their arguments, explanations and claims with scientifc data to support their positions. Using 
sentence starters like these below move the dialog to one that is based on scientifc evidence drawn from 
research versus a passionately expressed opinion. 

These sentence starters will help students frame how they might engage with those in another group of the 
Role-Play Experience, e.g., watermen talking with governmental agencies on the length of a harvest season, 
or the type of harvesting permitted (scrapping or hand tonging), or which oyster beds might be opened for 
aquaculture (based on impact and sustainable growth data). Similarly for the mussels scenario, agricultural 
farmers may have diferent positions to those of environmentalists in their discussions with government 
ofcials on regulations and incentives regarding farming along local tributaries. 

Examples to model and encourage students to use as they frame their exchanges might be: 

n	Ask questions: Why do you think ____? I was wondering about. . 

n	Clarify what others are sharing: Say more about that idea. Tell me how you got that information. 
Explain your evidence that supports your idea. 

n	Agree with what is being shared: My data also supports _____because____. 

n	Disagree with what is being shared: That’s interesting, but my data show______. or I hear you 
saying_____, but I think _______, because______. 

The technology employed for modules 3 and 4 included the use of Camtasia, FLIP video and Padlet. The oyster 
and mussel role play modules may be accessed from the list of resources at the end of this article. 

Module 5: VCU Chesapeake Bay Watersheds – People in Ecosystems Watershed 
Integration (PEWI) Mussel Simulation 
This series of lessons is designed to support student learning on the impacts of human activity on the health 
of watersheds and more specifcally the freshwater mussel population in Virginia. 

Learning Objectives 
n	Given a description of human activity, the students will be able to identify possible efects of the 

activity on the quality of both local and remote freshwater. 

n	Given a description of a type and 
source of pollution, students will be 
able to categorize it as either point 
source or non-point source. 

n	Students will interpret data to 
determine the health of specifc 
characteristics of the James River. 

n	Students will predict how diferent 
watershed land-use arrangements 
might impact the watershed and 
freshwater mussel populations. 

The BEST team collaborated with the Natural 
Resource Ecology and Management program 
at Iowa State University to modify their Figure 4. People in Ecosystems Watershed Integration (PEWI) simulation 
People in Ecosystems Watershed Integration Screen Captures credit: Sue Kirk 

https://www.techsmith.com/video-editor.html
https://info.flip.com/en-us.html
https://padlet.com/
https://www.nrem.iastate.edu/pewi/
https://www.nrem.iastate.edu/pewi/
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(PEWI) simulation to include the impacts of diferent land uses on freshwater mussel populations (part of 
their modifcations to PEWI version 4). 

The lessons begin with an overarching scenario, in the box below, that provides authenticity for the PEWI 

Overarching Scenario 

We have been studying different types of pollution as well as freshwater mussels  The VDEQ would like for us to use 
simulation software to test several scenarios and then report back our fndings  

experience, emulating how scientists use simulations to test ideas and future actions, such as by the Virginia 
Department of Environmental Quality (VDEQ ). Students complete an introductory activity (Activity 1) and 
then using the PEWI Simulation analyze data across four diferent scenarios for the VA DEQ. 

Activity 1: Preparing for the PEWI (several days) 
Students investigate point source and non-point source pollution to evaluate the health of the James River 
(Lesson H: Human Impacts in the VCU Chesapeake Bay Watersheds Mussels Field Studies: Middle School 
Lessons Collection). The PEWI simulation then helps students investigate ways to modify human impact 
to improve water quality and bivalve 
habitats. 

Activity 2: Introducing the PEWI 
(40-50 minutes) 
Introduces students to the PEWI 
simulation and how to use various 
tools, such as the 15 diferent land uses, 
precipitation, and land-management 
practices. 

In activities three through six, students 
test diferent scenarios that help them 
understand how sensitive freshwater 
ecosystems are to changes. Activity seven 
provides a synthesis of fndings. Students 
will realize that small changes in land use 
can eliminate the entire mussel population. Students consider what a pristine environment looks like and 
conclude by looking at how changes in land coverage impacts nutrient load and stream sedimentation. 

Activity 3. Scenario 1: Pristine Landscape to Single Crop Use (40-50 min) 
Students begin with a pristine landscape that supports mussels and add diferent crops to examine the impact 
of this change on the mussel population. 

Activity 4. Scenario 2: Mixed Land Use with multiple crops (40-50 min) 
Students select multiple land uses in an efort to maintain the mussel population. 

Activity 5. Scenario 3: Restoring Mussel Populations and maintaining proftability by altering Land Use 
(approximately 90 min) 
The scenario provides several options to try that would allow mussel populations to be maintained and allow 
students to examine the proftability of changes made to land use. 

Figure 5. People in Ecosystems Watershed Integration (PEWI) simulation Screen Captures credit: Sue Kirk 

https://www.nrem.iastate.edu/pewi/
https://www.deq.virginia.gov/
https://www.deq.virginia.gov/
https://goopenva.org/curated-collections/74?__hub_id=25
https://goopenva.org/curated-collections/74?__hub_id=25
https://www.nrem.iastate.edu/pewi/
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Activity 6. Scenario 4: Land Use Impact on Nutrients and Sediments (50 min) 
This fnal activity has students consider not only the impact on mussels, but also the impact of changes on 
nutrient levels and sediment load. This activity helps pull together the variables impacting mussel survival. 

Activity 7. Synthesis of PEWI experience 
Students synthesize their fndings into a report addressing the scenario using the Claim, Evidence, and 
Reasoning Framework (Scientifc Explanation). 

Conclusion 
Five modules were developed in partnership with the VCU School of Education, the VCU Rice Rivers Center 
and the VCU Center for Environmental Studies to support teachers in their environmental education for 
secondary students. 

We are excited to make these freely available to anyone. The modules are now housed at the Virginia 
Department of Education “GoOpenVA” OER portal for public review, sharing, augmentation and use in their 
classrooms. The modules were developed in partnership with the following leadership: Principal Investigator 
(PI), Dr. Al Byers, Co-PI, Dr. Elizabeth Edmondson and Ms. Sue Kirk, Project Coordinator in the VCU School 
of Education, Co-PI Dr. Greg Garman, Director at the VCU Rice Rivers Center and Co-PI Dr. James Vonesh, 
Assistant Director at the VCU Center for Environmental Studies. 

The hub for the fve modules below are free and available at GoOpenVA: VCU Watersheds Education and 
Training Program 

Go Open VA OER Portal: Individual Watershed Modules 

n	Chesapeake Bay Watersheds Oyster Field Studies: Middle School Lessons 

n	Chesapeake Bay Watersheds Mussel Field Studies: Middle School Lessons 

n	Chesapeake Bay Watersheds Oysters Role Play: Secondary Lessons 

n	Chesapeake Bay Watersheds Mussel Role Play: Secondary Lessons 

n	Chesapeake Bay Watersheds People in Ecosystems Watershed Integration (PEWI) Mussel 
Simulation 

PDF PowerPoint Overviews for modules (teacher background information) 

n	VCU: The Role of Bivalves in Sustaining Watershed Ecosystems.pdf 

n	VCU: Role Play Experiences Sustaining Watershed Ecosystems.pdf 

n	VCU: PEWI (mussel simulation) and Watershed Ecosystems.pdf 
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MANUSCRIPT GUIDELINES 
NESTA encourages articles that provide exemplary state-of-the-art tested classroom activities and background science content 
relevant to K-12 classroom Earth and Space Science teachers. 
• Original material only; references must be properly cited according to APA style manual 
• Clean and concise writing style, spell checked and grammar checked 
• Demonstrates clear classroom relevance 

Format Specifcations 
• Manuscripts should be submitted electronically – Microsof Word (PC or Mac) 
• Length of manuscript should not exceed 2000 words. 
• All submissions must include an Abstract (summary), a Conclusion, and an About the Authors section, containing brief 

descriptions of the authors, their afliations, expertise and email address. Please see previous TES issues for examples. 
• Photos and graphs: may not be embedded, but must be submitted as separate fles, of excellent quality and in PDF, EPS, TIFF or 

JPEG format. 300 dpi minimum resolution. Color or black and white are both accepted. 
– References to photo/chart placement may be made in the body of the article identifed with some marker: <Figure 1 here> or 

[Figure 1 in this area]. 
• Website screen shots: If you wish to include “screen shots” within your article, please also supply the direct link to the site, so 

TES can go online and grab the same screen shots at as high a resolution as possible. 
• Figures should be numbered and include captions (Figure 1. XYZ.). 
• Captions, labeled with a clear reference to their respective photo/chart/image, must be submitted in a separate fle, or they may 

be placed at the end of the manuscript where they can easily be removed and manipulated by the editor. 
• If using pictures with people, a signed model release will be required for EACH individual whose face is recognizable. In lieu of 

the signed model release, the recognizable faces may be “blurred”. 
• Each article must include: author(s) names, the school/organizations, mailing address, home and work phone numbers (which 

will not be published), and e-mail addresses. 

Review 
Manuscripts are to be submitted to the Editor, via the email address at the bottom of the page. Manuscripts are reviewed by the 
Editor for content and language. The Editor is responsible for fnal decisions on the publication of each manuscript. Articles 
will then be submitted to our Article Reviewers. Manuscripts may be accepted as is, returned for minor or major revisions, or 
declined, based on the decision of the Editor. The Editor reserves the right to edit the manuscript for typographical or language 
usage errors. 

Page Charges 
If an issue is not sponsored by an outside organization, a fee of $100 per page is charged to authors who have institutional, industrial, 
or grant funds available to pay publication costs. Page charges include Open Access, so that the article will be made available to 
anyone on the NESTA website. The author may also post the formatted and published article, in PDF form, on their own website, 
on other third-party website article repositories, and circulate their article via electronic means such as email. Authors are urged 
to assist in defraying costs of publication to the extent their resources permit, but payment of page charges is not required from 
authors. Payment of page charges has no bearing on the decision to accept or reject a manuscript. 

Copyright Transfer Waiver 
The lead author of the article shall submit a signed NESTA Copyright Transfer Waiver. When completed AND signed 
it should be sent to the Editor as a PDF attachment via e-mail. We cannot begin the production process until this signed 
waiver has been received. Please help us to expedite the publication of your paper with your immediate compliance. If you 
have any questions, please e-mail the NESTA contact listed below. 

Submitting Articles 
The Earth Scientist (TES) is a peer-reviewed journal. We accept article 
submissions on a rolling basis. It takes about six months for an article For further information contact 
to go through the peer review process and with ofen additional time Peg Steffen, Editor – 
for page layout and fnal publication. How quickly authors respond to nestaearthscientist@gmail.com
feedback may delay or speed up the process. 
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