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Introduction

Socio-ecological issues confront us with a need to make decisions associated with arguments from evidence under circumstances where both the decision and the evidence are contested. This manuscript describes work investigating how students make socio-ecological decisions that reflect on their environmental science citizenship.  We developed two interview protocols concerning how students reason about environmental issues: a strawberry interview that asked students to activate their role as consumers of food, and a water interview that presented a scenario about a company interested in drilling a well that asked students to make a decision as a voter. Twenty-two interviews were conducted with a mixed cohort of elementary, middle, and high school students.  Our aim was to investigate what resources students draw on as they reason about and make socio-ecological decisions.  Such an investigation has implications for how the school science curriculum can be tailored to better support the development of environmentally literate citizens.  For example, the resources that students are found to intuitively draw on can be integrated into science instruction to help students develop more salient and connected understanding of socio-ecological issues.  In turn, we hypothesize that if the students’ understanding of environmental issues were grounded in their funds of knowledge, they would be more ready to use this comprehension as they made personal (e.g., consumer) and societal (e.g., voter) decisions.

Conceptual Framework

We used two frameworks to examine the resources that students drew on as they talked with us.  First, we used the “Loop Diagram for Environmental Science Literacy” developed by the Long Term Ecological Research (LTER) Planning Committee (2007) to examine the structure of students’ understanding of connected human and natural systems (Figure 1).  
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Figure 1: Loop Diagram for Environmental Science Literacy

(Structure of Understanding of Connected Human and Natural Environmental Systems)

We were particularly interested in where the students placed themselves within the loop diagram (e.g., talk about how their actions impact environmental systems and/or about how environmental systems provide ecosystem services to them, as consumers).  

The second framework is a cultural-historical approach to learning (Gutiérrez & Rogoff, 2003, p. 21), which focuses on “people’s history of engagement in practices of cultural communities.”  Gutiérrez argues that, “educational practices are constituted through the junction of cultural artifacts, beliefs, values, and normative routines known as activity systems” (Gutiérrez, 2002, p. 313).  Through examining these activity systems, Gutiérrez suggests we can learn how forms of participation may be connected to cognitive forms that individuals draw on to carry out cognitive and social functions (for example, we would argue, carrying out cognitive and social functions of socio-ecological decision making).  Drawing on these two frameworks, we analyzed the interviews to describe the students’ participation in the scenarios, including the roles or identities they adopt, the familial and school (environmental science) funds of knowledge they draw on, the types of agency they manifest and the decisions they make.     

Methods (Think Aloud Interviews Related to Two Scenarios)

We developed interviews that will help us ascertain how students understand and engage in citizenship issues.  The interviews focused mostly on issues that we defined in advance.  We presented students with tasks or issues and investigated how the students reasoned about their choices (see Appendix for think aloud interview protocols). 

Strawberry Citizenship Interview: Thinking and Making Decisions about Purchasing Strawberries
The strawberry citizenship interviews consisted of general background questions about students’ roles as consumers and learners, interest in science, and knowledge of environmental issues.  The students were also asked to complete two ordering tasks.  First they were asked to order various food products from what they deemed most nutritious to least nutritious.  This task positioned students as consumers and focused on environmental systems services (LTER Planning Committee, 2007).  Next, they were asked to order the same food products from what they thought was most environmentally friendly to least environmentally friendly.  While the first task focused on the environmental system services, the second task focused on the human actions with environmental impact.  In both ordering tasks, they were asked to explain why they ordered each product as more or less nutritious/environmentally friendly than other products.

Water Citizenship Interviews: Thinking and Making Decisions about a Proposed Water Bottling Venture

In the water citizenship interviews, the students were first asked some general questions about how people use water, how they personally use water, preferences for drinking bottled versus tap water, and their understanding of environmental impacts of different uses of water.  Next, the students were introduced to a true scenario about a company that would like to build a new well in Michigan to enlarge their water bottling business.  After being introduced to the scenario the students were first asked some questions to find out how they understood the science around the scenario.  Next, the students were asked some questions about how, as citizens, they would respond to the water bottling issue.  In the course of the citizenship section of the interviews, the students were presented with some additional information from different stakeholders.  The students could use the additional information to inform their positions and decisions with regard to the issue. 

Participants and Analysis
Twenty-two interviews were conducted in total. Of the twenty-two, we interviewed six students for the strawberry interview: three high school and three middle school students.  For the water interview, we interviewed nineteen students: eleven high school, four middle school, and four upper elementary school students.  All the interviews were transcribed.  Analysis of transcripts was iterative and aimed at identifying and coding student talk for evidence of adopted roles, salient identities-in-practice, funds of knowledge, agency, decisions with reasons, and connected understanding of the loop diagram. For example, we looked for how students drew on out of school identities-in-practice and resources from home or school during the Think-Aloud and how they informed the students’ decision making.  Through analyses, we looked for patterns in the types of resources that students drew on as they talked about and made decisions about strawberries or the water bottling plant.  These patterns allowed us to identify and describe groups of students who shared some characteristics with respect to their participation in the interviews. 

Findings 

We found that family and individual values and practices played an important role in how students used their understanding of the science and how students made decisions, including the sources of information they trusted and the evidence they used to support their decisions.  In our analyses, we could see qualitative differences in how the students engaged with the Think- aloud scenarios and the agency they displayed.  Based on these qualitative differences, we positioned students along a continuum anchored on one end by individuals who authored environmental actor identities-in-practice, and at the other, by those who operated primarily from social identities-in-practice. Students in between displayed what we posit as mixed identities-in-practice (Table 1).  In what follows, we present three case study students – James, Valery and Sarah.  Each of them represent points along the continuum and illustrate the qualitative differences in how these three students engaged with the processes of environmental citizenship.  For each case study student, we describe how they take up the think-aloud scenarios in making specific decisions and briefly highlight their modes of engagement with the issue at hand. 

Table 1. Representative Students Along Environmental Decision Making Continuum

	Student
	Knowledge/Loop diagram
	Identities-in-practice/

Communities
	Basis underlying decisions

	Identities-in-practice as environmental actors 

e.g. James

Strawberry scenario
	Able to locate self within the loop and able to relate personal actions to arrows connecting the socio-ecological loop domains


	Multiple identities create multiple entry points into issues (e.g., Organic farmer) 

Family practices (e.g., organic farming)
	Knowledge of and concern for environmental system, strong environmentally conscious family practices


	Mixed identities-in-practice

e.g. Valery

Water scenario
	Somewhat able to locate self within the loop, but hold incomplete understanding of arrows connecting the social domain to environmental systems


	Fewer identities create some entry points into issues (e.g., animal rights believer)


	Could postulate pros and cons of building a water bottling plant, concerned about welfare of fish that could be adversely affected but herself still an avid consumer of bottled water

	Primarily social identities-in-practice

e.g. Sarah

Strawberry scenario


	Sees self predominantly within social domain of loop diagram, unable to relate connecting arrows to environmental systems


	Vague identities and practices relevant to issues
	Draws on vague family practice, but not scientific knowledge



Case study #1: James, with identities-in-practice compatible to environmental actors

James is a 6th grade, white, male elementary school student who participated in the strawberry citizenship think-aloud interview. The strawberry scenario required the student to order the strawberry products in two ways – items which are most nutritious for human consumption, and then items which are most environmentally friendly. There is coherence in what James talks about with regards to making environmentally conscious decisions that runs through the interview and across interview questions. James seems to be someone who has a consistent belief or principle of operation with regard to the environmental issues related to food consumption.

James’s nutrition ordering was as follows, from the most nutritious to the least:

Organic strawberries, locally grown strawberries, California strawberries, yoghurt, local jam, California jam, Pop tart

He based his decision on three different heuristics: The degree of food processing, how the food is grown and how fresh the food is.   Firstly, he ordered the produce from the least processed to the most processed. He thinks a pop tart is the worst because “it has all the sugar in the filling… and the chocolate on top is probably not healthy either.”  Whole strawberries were more nutritious than the strawberry based products. Jam has a lot more sugar so was deemed less nutritious than yoghurt.   He also considered how the produce was grown. Organic produce is more nutritious than non-organic produce because “pesticides will be bad for you.”   Freshness of the produce was yet another consideration. As such, James favored the locally grown strawberries and jam over their non-local counterparts, since “they don’t have to travel as long from where they were picked.” 

James’s ordering of the product in terms of environmental friendliness was as follows:

*Organic strawberries, local jam, small yoghurt, big yogurt, California jam, pop tarts, local strawberries, industrial California strawberries *

Again, James viewed his ordering from a few different angles: How the food is grown, how the food is processed and how the food is transported.   His first criterion was the use of pesticides being harmful to the environment. Hence, both the industrial California strawberries and the local strawberries (he assumed pesticides were used on the local produce since there was no information provided to indicate otherwise) were at the end of his list. James reasoned that “the pesticides are polluting water, which are killing the fish, just polluting the land ‘cause they get sprayed on… it might make the bugs go away but it hurts a lot of other animals.” 
His second criterion was the degree of food processing since increased processing demands more resources which in turn taxes the environment. James describes how the pop tart is wasteful because “a lot of stuff goes into it and it’s not very big so it takes a lot to make something really little.” He could substantiate his claim by providing the provenance of the various ingredients that goes into a pop tart:

…the flour, it’s in California so you have to take the wheat from let’s say… oh I don’t know, let’s say Michigan. And cocoa beans from some tropical area, South America or Mexico… and it does take a lot of stuff to go into one plant in California, to make that.

…then the pop tart the flour can come from a flour mill and the chocolate from … all the ingredients of the chocolate come from different spots and then the stuff that’s on the inside come from a whole bunch of different factories… they just mix it all up into one thing…

James also considered how far the food had to be transported with regard to both the final destination of the food – a shelf on a Michigan store – and each ingredient’s journey during food processing. The California jam was therefore less harmful to the environment compared to the pop tart because “it’s in California and strawberries grow in California so you don’t need to transport a whole bunch of stuff to California, then to Michigan”. The local jam was second best because “It was closer to Michigan… like, all the CO2 that’s coming from the trucks.” James is therefore cognizant of the carbon footprint tied to the production and transportation of food products. 
To a lesser extent James considered the packaging of the products. While deciding between the yoghurt samples, James initially placed the smaller container as being more friendly to the environment since “there can be a lot more of these [small ones] in a truck than these [big ones].”  He was using numbers as a criterion. When probed further about which sample would save on packaging, James acknowledged that the bigger carton would. He then concluded that both big and small containers are “kind of even” because of “what they save.” To him, the bigger carton saves on packaging, but the smaller ones saves on numbers – you can transport more of the smaller cartons in a truck to get more cartons to a store. 
James’s reasoning with regards to this question is quite sophisticated in that he considers the problem from different perspectives and can trace the origins of the product and its ingredients along various routes.  James appears to see the connections between the personal and societal impacts with regards to this scenario- what is good for a person is usually also good for the society and environment. His criteria for both nutritional and environmental processing are very similar. 

In his decisions for both questions, James displayed a multifaceted understanding of the environmental issues surrounding food production practices. He demonstrated a robust knowledge in his explanation and elaboration on multiple perspectives relevant to the think-aloud. These issues included the nutritional benefits of organic food for human health, ecological principals (“the pesticides are polluting water, which are killing the fish, just polluting the land cause they get sprayed on… it might make the bugs go away but it hurts a lot of other animals.”), the carbon footprint concept in recognizing life-cycle costing of local produce compared to industrially transported produce. For example, he favored the locally grown strawberries and jam over their non-local counterparts, since “they don’t have to travel as long from where they were picked”, and eschewed the California strawberry jam because of “… all the Co2 that’s coming from the trucks” from its transport to Michigan.  He also considered the impact of food processing and the provenance of separate ingredients needed to make one product in his assessment of the life-cycle costing of a product. 
James sees himself and his family as integral members of the food system and that their actions have an impact on the environment. They therefore engage in practices which they feel will help the environment, they see themselves as agents, empowered to take action as they feel a sense of responsibility as consumers of food and energy. James and his family actively take steps to reduce their carbon footprint. This can be seen in their family practices in being selective of what to buy when they grocery shop – organic vegetables for “farm grown” eggs from humanely treated hens. James also engages in pesticide free gardening with his family, using composts, growing vegetables for home consumption instead of buying from the store. As James explained:

“We have our own garden which grows beans and tomatoes and stuff so we do that too. And she has a farm too... my grandma has a farm… so we get from there instead of buying actual stuff from the store, which is not very good for the environment… grandma cans strawberries and stuff… so we get that instead of the non-organic or organic ones… from California…”

James also brought up the energy conserving practices at home when considering environmental friendly practices.  His family has two stoves, a gas stove for cooking and a wood stove to heat the house, so as “not to use that much propane.” His family also takes care to cut down the dead trees, instead of the live ones” for the wood stove.  In addition, James’s father has a “short showers and lights off” policy for his family. 
James himself expressed a genuine interest and desire in seeking out relevant information and news items surrounding environmental issues.  He described with detail what he had learnt from the Discovery Channel regarding the plight of the polar bears in light of global warming, how the bears lose their land when the ice melts resulting in them getting “stuck out at sea” and so losing their food source and not being able to adapt to the rising temperatures because “they’re used to cold water.” 
In engaging with this strawberry Think aloud protocol, James drew from his identities-in-practice as an organic farmer, an informed grocery shopper, an integral family member and an avid consumer of science related media (e.g. Discovery Channel) and the resources these identities conferred.  His identities-in-practice are also all highly compatible to that of an environmental actor – someone who exercises agency and ethical judgment in everyday decisions that impact the health of the environment. 

Case Study #2: Valery – Mixed identities-in-practice

Valery is a female, African-American, 7th grade middle school student who participated in the water citizenship think-aloud interview.  In her engagement with the issue, Valery displayed mixed identities-in-practice.  While she advocated for the welfare of the trout who may be harmed by the bottling plant from the identity-in-practice of an animal rights believer, she was also strongly grounded in her identity-in-practice as a bottled water consumer, because tap water to her “has a very sour taste” maybe due to “bacteria” so she does not want to drink it. Valery conceded that she only drinks from the school fountains if she’s “really thirsty.”
Initially, Valery suggested that Nestle should build the well someplace else where it will not harm the trout, that way people still get the jobs. However, after considering the additional information presented, Valery decides against Nestle.  She is not convinced the trout will not be harmed. She feels that the Evart folks will lose their water, and consequences to the river from Nestle’s actions are not clear from the information presented.  On the other hand, she shrewdly pointed out that all the information presented from the different groups were only “opinions” and not established facts since “nothing really happen yet.” Based on this perspective, Valery also thinks there are no right or wrong answers to the issue.

She also highlighted what she considered to be information missing from what was presented, such as how the land and climate (temperature) might potentially be affected with the Nestle plant’s well; what are the possible consequences if the season was especially hot, and what happens if sales are good for the bottled water, would Nestle draw more water than currently stated. In her words, Valery opined:

Because it says right there it would remove only 150 gallons per minute, but say people started buying the water more and then they would have to increase their production so that statement is not always right.
In deliberating whether the plant should be built, Valery considered both personal and societal reasons. While she recognized the benefit of the new plant creating more jobs for the community, she also considered the water body targeted by the plant to be the property of the people of Evart “because they were there first,” and so Nestle had no right to lay claim to that resource in building their plant. Additionally, she was concerned about how the trout could be harmed by the plant.  Valery believes in animal rights and that humans have a responsibility to the welfare of animals because animals cannot speak for themselves. As she explained, “fish cannot vote … animals have rights, you could treat them nicely before you eat them.” This stance is in contradiction with her personal identity-in-practice as a bottled water consumer by choice.  She had a firm reluctance in consuming tap water even as she struggled to articulate the reasons beyond the sour taste.  Her general attitude towards tap water – “I don’t know [why] but I don’t want to drink it” – is interesting, and in conflict with her reservations towards the Nestle plant.
Case Study #3: Sarah – Social identities-in-practice

Sarah is a white, 6th grade female elementary school student who participated in the strawberry citizenship think-aloud. Sarah does not seem to have a personal interest in environmental issues nor a keen interest in science. She sees a relationship between how much is taken out from the environment in terms of raw materials in making a product as an indicator both for the nutritional value of the product as well as how much it impacts the environment in its production. 

Sarah ordered the strawberry products in terms of nutrition and environmental friendliness in exactly the same way. Her decision is as follows, from the most to the least:

Local strawberries, organic strawberries, local jam, California jam, yoghurt, industrial strawberries, pop tart. 

Sarah displayed some understanding of the issue when she chose locally grown produce as being better for health and the environment. However, she could not substantiate her choice apart from saying that locally produced food “takes less out of the environment”. Sarah also could not fully articulate why she favored local strawberries over the organic and industrial berries apart from it being a personal preference, “because I’m used to locally grown strawberries and other than that I really don’t know… because… I don’t know.”  She thinks pop tarts are the worst for both health and the environment because they “take more ingredients which takes way more from the environment.” She linked this perspective vaguely to issues of sustainability:

…if you take so many ingredients out of the environment naturally we’re gonna run out... if you have more plants, then obviously it gives the animals and humans food so the more for them the more population will have so instead of having all the plants die out and all the animals die off and have a bunch of pop tarts. 

However, she could not explain how or why the manufacturing process of pop tarts would harm the environment apart from it needing multiple ingredients and not being “naturally grown.” 

Sarah’s identities-in-practice in this issue are largely social.  While she participates in grocery shopping with her family, she does not engage in the decision making processes or the rationale behind their purchases.   She could offer bits of information on what her family purchases, but could not substantiate an explanation beyond the suggestion that that’s just what they do.  When asked if she engaged in any environmental friendly practices, Sarah offered very general principals of energy conservation that she periodically engaged in when she felt like it, such as recycling. 

Discussion & Implications

In looking across the students, we see that there is a relationship between identities-in-practice and students’ decisions in both think-aloud scenarios.  Students who had identities and family practices closely related to decisions were more knowledgeable about the different components of the loop diagram and how these components are related to each other via the connecting arrows. In addition to cognitive understanding of the diagram, students who leveraged on 


complementary identities-in-practice related to the scenario in question also displayed an ability to locate themselves and their actions within the loop, specifically on the “human actions” arrow.  In short, these students exhibited more agency in actively living as environmentally literate citizens.

As a case study student with the most diverse repertoire of related identities-in-practice, James showed an understanding of both the human, social and economics systems box as well as the environmental systems box. While he understands that human beings need to procure certain services from the environment in terms of food and energy (environmental systems services arrow), he also values the preservation of the environment. More importantly, James seems to be acutely aware of how individual choices and actions can play important roles in sustaining the connections between the human and environmental systems in a healthy equilibrium (Figure 2a). With such an appreciation of the environmental consequences of individual actions and decisions, James shows that he understands how the left and right boxes are directly related to each other and that it is human agents who can help promote quality conditions for both, as he tries to do as an organic farmer and a “green” grocery shopper.  He does not regard the two systems in isolation from each other, each being shaped by unrelated contexts and factors that have no role for individual human action. James therefore is able to trace the loop diagram through its trajectory quite completely. 
With his repertoire of “environmental actor” identities-in-practice, James’s operation from these identities is grounded in the communities of both immediate family and extended family (i.e. grandmother who is also an organic farmer).  Since these communities are congruent with environmental issues presented in the strawberry think-aloud scenario, funds of knowledge in these communities become available to James as resources that he can draw upon in talking and acting on these issues. This results in a more multifaceted and nuanced outcome where James not only displays complex scientific knowledge of the issues, but is also an active agent in his daily practices regarding these issues. He is showing and enacting responsible citizenship practices with regard to human impact on the environment connectd to food production (and energy use). 

On the other hand, Sarah, who appeared to not have any salient identity-in-practice related to the strawberry think-aloud scenario, could only offer perfunctory suggestions with limited explanations. . Sarah seemed to be largely confined within the human, social and economic systems box of the loop diagram, being unable to articulate the connections between the two systems.  She operated predominantly from a social locus with a “regular grocery shopper” identity-in-practice (see Fig 2c). 

In comparing James and Sarah, it appears that James had more resources and entry points that allowed him to engage from the position of an environmental actor. There are different aspects of his life in which he engages with the issue of green food production and general conservation. He could substantiate at length when probed about his engagement unlike Sarah who could not. James’s engagement is also grounded in his participating in core activities of other communities important to him.  There are other members who engage alongside with him who are important, his parents, especially his father, and his grandmother. Sarah on the other hand did not allude to anyone else in her interview who might be interested in this issue alongside with her. Therefore, James showed more facets of understanding of the issue than Sarah, who could barely substantiate or explain her opinions apart from it being just the ways things are.

In the case of Valery, she experienced some tension as she drew from potentially contentious identities-in-practice when engaging with the water think-aloud scenario (see Fig 2b). While she is deeply concerned for the welfare of the trout, she also recognizes the potential jobs a new water bottling plant would provide and is herself a regular consumer of bottled water.  In the end, she expressed dissatisfaction with the available information from various interest groups on the issue and concluded that she could not make a decision.  Valery’s conflict highlights the complexity that characterizes environmental citizenship.  A person may have conflicting identities-in-practice with regard to one particular environmental issue that cannot be neatly compartmentalized when one is faced with making a decision.  Valery the animal welfare believer opposed the building of a bottling plant since it might pose a threat to the trout. However, Valery the bottled water consumer relies on bottling plants to provide her with an important product, given her rejection of tap water as a primary source of potable water. Environmental literacy and citizenship therefore demands a nuanced understanding as differing roles operate simultaneously to support and suppress agency.  This has implications for how issues of environmental citizenship should be approached and discussed with students. 

There is a wide degree of variability in students’ understanding of the issues and their use of evidence from arguments.  Students held varying degrees of understanding environmental systems, social systems, and how human actions and environmental system services connect environmental and social systems.  Students with less understanding of the loop diagram were less likely to respond to or use arguments from scientific evidence. 

School science did not seem to play an important role in shaping how the students strawberry students engaged with the think-aloud scenarios.  In the water interviews, students drew on their school science learning to try to reason about the scenario, but generally returned to using non-school resources for making final decisions. While Valery briefly brought up some relevant but incomplete knowledge of water systems, neither James nor Sarah leveraged on any relevant school science knowledge or experiences.  Sarah explicitly stated her disinterest in science and James opined that science would be useful in his future career as a civil engineer. However, neither brought up school science content that they drew upon in making their decisions.  James’s agency and Sarah’s apparent apathy seemed to be directly linked to their out of school communities that are relevant to these issues, with school science not playing any or a very limited role.  

In order to support students in developing skills and knowledge necessary to make environmentally responsible decisions, school science needs to develop instruction that more explicitly connects students’ out of school resources, their in school science learning, and important socio-ecological issues that students will need to make decisions about as citizens.  Currently, when and if students have experiences with these different areas, they are often isolated from one another, and thus do not provide scaffolding to help students develop competence in drawing on both out of school and school resources to consider and make decisions about socio-ecological issues.  There are exceptions to this.  For example, some schools are developing place based education programs to connect classrooms and communities in meaningful ways to learn about the environment (Sobel, 2004).  This type of learning is still relatively rare in schools, however, and can be difficult to integrate into the crowded standards-based science curriculum.  If an important goal of science education is to prepare students to make informed decisions about socio-scientific issues in their lives, schools will need to develop a standard science curriculum that is integrally connected to out of school resources (e.g., families and communities) and important socio-scientific issues (e.g., water quality, nutrition, agriculture, etc.).       
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Appendix

Strawberry Interview Protocol

Citizenship & Biodiversity Think-Aloud

Baseline Questions:

	
	Question
	Target Role

	1.
	How often does your family go to the grocery store to buy food?
	Consumer

	2.
	Do you go to the store to buy food yourself? 
	Consumer

	3.
	What product do you usually buy? (e.g. cookies)
	Consumer

	4.
	How do you choose among all the varieties of that product? For example, how do you choose what types of peanut butter to buy? What criteria do you use?


	Consumer/

Learner

	5.
	What resources do you use to make decisions on what to buy? (for example, family experience, what you learnt in class)

(probe – is it based on taste, brand name, family tradition, nutritional information etc. )
	Learner/ Consumer

	6.
	Do you have any other ideas about this issue that you’d like to share?


	

	7.
	 Have you studied a lot of science in school?  What kinds of things have you learned about (what courses have you taken)?


	Learner

	8.
	Are you interested in a career in science?  If so, what kind of job?
	Student identity

	9.
	Do you think that everyone should know some things about science even if they aren’t going to be scientists?


	

	10.
	What kinds of things do you think people should know about science?


	

	11.
	Why do you think it’s important for everyone to know these things?    


	


Strawberry items Think Aloud

1. Present the student with a selection of foods, from fresh to preserved, simple packaging to elaborate packaging.

E.g. 

	
	Food
	Treatment

	1.
	Strawberries
	Fresh and frozen, organic and non-organic/GM giant strawberries

	2.
	Strawberry jam
	In a jar, sweetened, jellied, cooked

	3.
	Strawberry pop tart
	Sugared, cooked, preserved, cardboard packaging

	4.
	Large carton of strawberry yogurt
	Single large carton with multiple servings

	5.
	Small cartons of I serving size strawberry yogurt
	Small single size servings 


	
	Food
	Labels

	1.
	Strawberries
	-Industrially grown, pesticides applied, grown in California at a large strawberry farm

-Locally grown, from a farmers market in Lansing (e.g. Okemos or Allen street, small family farm

-Organic, no pesticides used. 



	2.
	Strawberry jam
	-Grown and packaged in California

-Locally grown and packaged

	3.
	Strawberry pop tart
	- Processed and packaged in California

	4.
	Large carton of strawberry yogurt
	- Dannon, packaged in Utah

	5.
	Small cartons of I serving size strawberry yogurt
	-Dannon, packaged in Utah


Ask the student to do the following and justify her choice:

1. arrange the items in order of nutritional benefits

· gets at how they decide what is the most beneficial to health, what resources they use to make their decisions, what is common in their family with regards to these products (e.g. always eat pop-tarts for breakfast)

· How do you know where the product comes from i.e. how did it end up on the grocery shelf? Do you think information is important? Who can you ask? How do you find out?  (probe – gets at who do you believe/trust; if they are at all concerned about transport/food production process; probe on GM foods/growth process and consequences)

2. arrange the items in terms of most friendly to the environment to least friendly

· How do they define “friendly to the environment”?

· What criteria do they use to arrange the stuff?

Additional questions – depending on time

3. Why is our natural environment important?

4. How would you describe the natural environment?  Or What do you think of when you think of the natural environment? (probes: forests, lakes, mountains, animals, gardens, yards, parks, etc.)

5. Why do you think it might be important to take care of or protect our environment?

6. What kinds of things do you do that are environmentally friendly/conscious?

7. Are you aware of the environmental impact of turning off the lights in your home?  Taking showers?

8. Have you heard anything about what’s happening to the polar bears’ habitat/home in the news, at school, or from friends/family?

Citizenship and Water Interview Questions (High School)

Name of Student ________________________

Name of Interviewer _____________________

Date __________________________________

Materials

· Interview Protocol

· Map showing Twin and Chippewa Creeks and proposed location for new well

· Water scenario info sheets (bottom of document)

· Bottle of Ice Mountain Water

Introductory questions

1. What are different ways you know of that people use water?

2. Can you think of any ways that taking a shower affects the environment?    

3. What kinds of beverages do you usually drink?

4. Do you ever drink bottled water?

If yes, 


a. Why do you drink bottled water?


b. How do you decide which brand of bottled water to buy?


c. Do you know where ___ brand of bottled water comes from?


d. Can you think of any ways that drinking bottled water affects the environment?

5. Do you ever drink tap water?


a. Do you know what the source of your tap water is? 

6. Would you rather drink bottled water or tap water, or do you not care?  Why?

7. Do you think tap water is different from bottled water?

a. If yes, how do you think they’re different?

b. If no, why do you think they’re the same?

8. What kinds of things can people do to protect water and make sure there’s enough good water in their community?

9. Do you do any of these things to protect water in your community?

Nestle Bottled Water Scenario (show map while talking about this)

I’m going to tell you about a real environmental debate going on in Michigan.  The Nestle Company owns a water bottling plant in Stanwood, Michigan.  They get groundwater from wells and bottle it as Ice Mountain water.  The Stanwood plant bottled 226 million gallons of water last year.  Because bottled water is so popular, Nestle wants to drill a new well so they can sell more water.  The new well would be located near two trout streams that flow into the Muskegon River.  Nestle also wants to build a new water bottling plant nearby in Evart. Some people think Nestle shouldn’t drill the well because it would harm the trout in the streams.  The Nestle Company says there is a lot of water available so the well would not harm the trout.  Opening the bottling plant in Evart could provide some new jobs for people.

Water Science Understanding Questions  

Here’s a map showing the streams and the proposed location of the well to pump out the groundwater for Ice Mountain water.  

1. (Pointing to a spot on the map) If water fell as rain here, where do you think it would go?  Why?

2. Can you draw the watershed boundaries for Twin Creek and Chippewa Creek?

3. Do you think that the well could affect the flow of water in the streams?  If yes, how?  If no, why not?

4. How deep do you think the well would have to be drilled to get groundwater out?

5. Do you think that the well could affect trout that live in the streams?  If yes, how?  If no, why not?

6. Do you think that drilling the well and pumping out the groundwater could have any other impacts?

Citizenship Questions

Think of yourself in the role of a citizen as you answer these questions.  If you’re not eighteen, picture ahead a few years and think of yourself as a citizen of the state of Michigan who is old enough to vote.   

1. If Nestle built the well and a bottling plant, would knowing what I just talked about affect your decision about whether to buy Ice Mountain water?  How? 

2. If Michigan voters got to vote about whether or not to let Nestle drill the well and build the new bottling plant, do you feel like right now you’d have enough information to decide how to vote?  

If student says they have enough information, ask the following questions.

1. Would you vote for or against Nestle building their new well and a new bottling plant in Evart?  Why would you vote that way?

2. Can you think of anything else that you might want to know about this issue?

3. If you wanted to find out more, how would you try to do that?

Provide the info from sources and time to look over.  “Here’s some additional information from people who are interested in this issue.  You can read as few or as many of these as you’d like.” (Note which ones student looks at.)

4. Did looking at this information influence your decision at all?  If so, explain how?

5. Which information do you trust the most?  Why?

6. Which information do you trust the least?  Why?

7. Do you think there’s a right answer and a wrong answer about whether Nestle should build the well and water bottling plant?  

8. If someone organized a march against/for (depending on student) building the plant, would you join the march?  Why or why not?

9. If the town of Evart organized a scientific study of water flow in the Muskegon River watershed and they asked people to help, would you volunteer to help?  Why or why not?  (If student says no because they live far away, ask what if you lived in Evart?)   

10. Is there anything more you’d like to know to be able to make a good decision about Nestle’s well?

If student says they need more information, ask the following questions.
1. What else would you want to know about this issue to help you make a decision?

2. What could you do to help you decide about this issue?  

Follow up probes: Who would you talk to?  Where else could you find out information?  

3. If you wanted to find out more, how would you try to do that?

Provide the info from sources and time to look over.  “Here’s some additional information from people who are interested in this issue.  You can read as few or as many of these as you’d like.” (Note)

4. Did looking at this information influence your decision at all?  If so, explain how?

5. Which information do you trust the most?  Why?

6. Which information do you trust the least?  Why?

7. If you had to decide right now about whether or not you think the water bottling plant should be built what would you say?  Why?  

8. Do you think there’s a right answer and a wrong answer about whether Nestle should build the well and water bottling plant?  

9. If someone organized a march against/for (depending on student) building the plant, would you join the march?  Why or why not?

10. If the town of Evart organized a scientific study of water flow in the Muskegon River watershed and they asked people to help, would you volunteer to help?  Why or why not?  (If student says no because they live far away, ask what if you lived in Evart?)  

11. Is there anything more you’d like to know to be able to make a good decision about Nestle’s well?

If time questions

1. Have you studied a lot of science in school?  What kinds of things have you learned about (what courses have you taken)?

2. Are you interested in a career in science?  If so, what kind of job?

3. Do you think everyone should know some things about science even if they’re not going to be a scientist?

4. What kinds of things should people know about science?

5. Why do you think it’s important for everyone to know these things?  

Excerpts from Sources for High School Students

Application for Determination of 

No Adverse Resource Impact

For the White-Cedar-Osceola Site

Prepared for Nestle Waters North America by Malcolm Pirnie, Inc., August 2006

Zorn’s 1998 paper predicts that no change in fish populations in Twin and Chippewa Creeks would occur as a result of the decrease in flow in those streams.  Much larger changes than those predicted for this groundwater withdrawal would be required to affect the characteristic fish cluster.  This conclusion is consistent with the findings of Nufer and Baker (2004) who found in a long-term study in Hunt Creek that brook trout suffered few adverse effects from summer withdrawals.

Letter from David Smith, 

President, West Michigan Trout Unlimited

Sent to Michigan Department of Environmental Quality in March 2007

We are opposed to all groundwater withdrawals that negatively impact coldwater streams.  After reviewing Nestle’s application, other public documents, and our own independent review, we have a few concerns. 

1. It is insufficient protection to our coldwater resources to issue a finding of No Adverse Impact with an allowed withdrawal amount and expect the resource to be protected under all extremes of natural variation.  Specific limits should be established regarding stream flows and water temperatures which would trigger a reduction or suspension of withdrawal during extreme events.

2. Is there any evidence of potential conflict with Evart’s wells on Twin Creek which are currently operating at less than full capacity? 

3. Information on Muskegon River impact is missing.  

Michigan Citizens for Water Conservation

March 2007 Newsletter

Water levels in Lake Superior last year were as low as they've been for 80 years. When water is low in the Great Lakes, it means water is low in lakes and streams. Every gallon of water taken by Nestle is a gallon mined from a Michigan stream, and because its spring water that usually means a trout stream. 

Nestle presently takes about 450 gallons per minute from Mecosta and the City of Evart. That's approximately one-quarter billion gallons a year. Nestle's proposed expansion into three more headwaters & trout streams will take another 300 to 400 gallons per minute, which means another quarter billion gallons a year. 

Michigan Department of Environmental Quality

Proposed Determination of No Adverse Resource Impact, December 19, 2006

The proposed withdrawal would take groundwater discharging to Twin and Chippewa Creeks.  The effect of the withdrawal is measured against the allowable withdrawal from both creeks.  Nestle’s proposed withdrawal of 150 gallons per minute is well below the allowable withdrawal of 480 gallons per minute. Therefore, we propose to find that Nestle’s project is not likely to cause a negative impact.  

Excerpts from Sources for Elementary and Middle School Students

Application for New Well Near Evart, MI

by Nestle Company 

Scientific studies predict that the well will not affect trout in the streams.  Much more water would need to be removed to harm the trout. 

Letter from West Michigan Trout Unlimited

Sent to Michigan Department of Environmental Quality

1. Using the Nestle well could be safe for the trout most of the time, but it might harm them during a very dry or hot season.

2. Building the Nestle well might draw water away from Evart’s town well, which is nearby. 

3. We do not know how the Nestle well could affect the Muskegon River.  

Michigan Citizens for Water Conservation

March 2007 Newsletter

Every gallon of spring water taken by Nestle is a gallon taken from a Michigan trout stream. 

Michigan Department of Environmental Quality

Proposed Approval for Nestle Well

Nestle’s well would remove 150 gallons per minute.  We have found that it would be safe to remove up to 480 gallons per minute without affecting the trout.

Social identities-in-practice that offer limited  entry points for engagement with think-aloud scenario





Regular grocery shopper











Mixed identities-in-practice that present potentially contradictory entry points for engagement with think-aloud scenario





Bottled water Consumer


Animal rights believer








Fig 2c. Sarah: Minimal understanding of loop diagram





Fig 2b. Valery: Incomplete understanding of loop diagram, 





Fig 2a. James: Complete understanding of loop diagram, both systems and both connecting arrows





Related “environmental actor” identities-in-practice that avail multiple entry points for engagement with think-aloud scenario





“Green” grocery shopper


Organic Gardener


Integral family member


Consumer of Science related Media








Environmental systems services





Believes in animal rights and welfare





Favors bottled water over tap water 





Human actions with 


environmental impact





Environmental


Systems





Human, Social & Economic Systems





Environmental systems services





No significant practices or perspectives related to think-aloud scenario





Human actions with 


environmental impact





Environmental


Systems





Human, Social & Economic Systems





Environmental systems services





Everyday grocery decisions





Organic gardening practices





Energy saving practices





Keeping informed on environmental issues through media





Human actions with 


environmental impact





Environmental


Systems





Human, Social & Economic Systems








� There are two water citizenship interview protocols: one for high school students and one for elementary and middle school students.  The interview questions are virtually identical.  The “Excerpts for Sources” for the elementary and middle school students are simplified in attempts to make them more age-appropriate.
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