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ABSTRACT 

Environmental research is increasingly using citizen scientists in many aspects of projects, such 

as data collection and question design. To date, only a limited number of co-created citizen 

science projects where community members are involved in most or all steps of the scientific 

process have been completed, and few comparing community engagement methods and efficacy 

and learning outcomes across demo- and geographic data. This study compares two citizen 

science programs, evaluating what motivates citizen scientists to participate in environmental 

health research and whether participation affects scientific knowledge and environmental 

behavior and efficacy. Participants in the Gardenroots: A Citizen Science Garden Project 

completed sample collection training and submitted soil, water, vegetable, and dust samples for 

analysis and received their environmental monitoring results. In the Facilitating Community 

Action to Address Climate Change and Build Resiliency in Southern Metropolitan Tucson 

project, Spanish speaking community members of South Tucson underwent training in climate 

change and environmental quality and sample collection, and worked with families in the South 

Tucson community, collecting soil and water samples and providing environmental health 

education. For both projects, participants completed a pre- and post-survey with a variety of 

qualitative and quantitative questions. These survey instruments were used to evaluate 

differences in environmental self-efficacy and motivations. In addition, select Gardenroots 

participants were involved in focus groups and semi-structured interviews to understand and 

gauge changes in knowledge and to further explore changes in motivation and self-efficacy. The 

participants were primarily internally motivated and saw increases in both efficacy and 

knowledge as a result of participation in the program. This information is critical to moving 

citizen science efforts forward and determining whether such projects: 1) co-produce 
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environmental monitoring, exposure assessment, and risk data in a form that will be directly 

relevant to the participant's lives, 2) increase the community’s involvement in environmental 

decision-making, and 3) improve environmental health education and literacy in underserved 

communities. 
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INTRODUCTION 

Explanation of Thesis Format 
 

 This thesis contains two appendices. It begins with the introduction to the thesis that 

introduces the research and provides a literature review. Next are the research objectives to the 

studies presented in this thesis as well as directions in which the study can be taken in the future. 

Appendices A and B follow. Appendix A contains a manuscript that will be submitted for 

publication in the Journal of Research in Science Teaching, while Appendix B will be submitted 

to a journal at a later date. 

 For both appendices, the design of the research as well as the execution and data analysis 

are my own, although my advisor Dr. Ramírez-Andreotta provided a tremendous amount of 

guidance. In Appendix A, Ann-Marie Wolf, Aminata Kilungo, Palmira Henriquez, and Flor 

Morales provided advice and guidance as well, and assisted with the methodology.  

Problem Statement 
 

 In most citizen science projects, the public is involved in only one step; usually the data 

collection step. They are rarely involved in other steps of the research, and are often excluded 

from the results sharing step. Quite often, the citizen science participants involved are simply 

used to collect data and then never get to see the results of what they helped create. Since more 

and more research projects are employing citizen scientists, it is important to treat them as 

valuable members of the research process and provides them the opportunity to understand their 

contribution by involving them in more steps of the research process. In order to enhance the 

contributions of and benefits received by citizen scientists for future projects, their motivations 
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for participation need to be explored as well as any benefits they gain as part of their 

participation, including changes in self-efficacy and knowledge. Further, there has been minimal 

comparison of community engagement methods between citizen science programs, especially for 

those involving underserved populations, as the literature review shows.  

 The Facilitating Community Action to Address Climate Change and Build Resiliency in 

Southern Metropolitan Tucson project (henceforth Promotora project) involves these 

underserved populations. The Promotora project involves training Spanish speaking community 

health workers in environmental health and sustainability and having them go out and educate 

their peers. The Gardenroots: A Citizen Science Project (henceforth, Gardenroots project) 

program targets rural populations across three counties, with participants collecting soil, water, 

vegetable, and dust samples from their gardens and sending them in for metal analysis. A goal of 

both projects is to increase the resilience of underserved communities to major environmental 

stressors. The effects of climate change are the focus of the Promotora project, whereas the 

effects of active and legacy resource extraction is the focus of Gardenroots. In both cases, the 

environmental effects impact these underserved populations disproportionately compared to their 

sufficiently served counterparts.  

 Using these two projects, we demonstrate that involving the public in multiple steps of 

the scientific process as citizen scientists leads to a more scientifically-literate public as well as a 

socially active one. This heightened role of the citizen scientists and outreach to typically 

overlooked populations creates enthusiasm for science, especially for those whose project 

expectations are met.  By working with the community and developing relevant solutions to 

environmental issues together, the participants can be better prepared to take on their role as 

stewards of the environment.  
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A Literature Review of the History of Citizen Science, its Benefits to both Scientists and the 

Public, and its Evaluation 
 

Citizen science is on the rise, being used in more and more research projects. However, 

this method of engaging the public in scientific research is not a new phenomenon, dating back 

to 1900. And although citizens acting as scientist is as old as science itself, citizen science is on 

an upswing, becoming so popular that even the White House has been conducting its own citizen 

science projects.  Citizen science projects have become increasingly popular because of the ease 

and economy of collecting data, and are appropriate for studies which seek broad data rather than 

specific hypothesis testing. The purpose of this literature review is to examine environmental 

education and public participation in citizen science, as well as evaluating the results and the 

motives behind participation and changes in efficacy.  

 Most historical scientists had other professions by trade. Leonardo Da Vinci was a 

painter, Gregor Mendel was a monk, Benjamin Franklin a printer. While most scientists now are 

scientists by trade, citizens acting as scientists never really went away. Jeffrey Cohn gives an 

early example, of the Audubon Society’s annual Christmas Bird Count, where citizens count 

census-style the birds in their area as a group and send in their data. This bird count has been 

happening since 1900 and is one of the oldest examples of citizen science. The USA National 

Phenology Network has the “Nature’s Notebook” where citizen scientists observe the activities 

of certain species in certain areas near them and submit their data to track seasonal changes. The 

United States Fish and Wildlife Service and National Ecological Observatory Network fund 

Project BudBurst, where citizen scientists select a plant to submit periodic observations of to 

examine the plant in different climates.  Citizen science is becoming more and more crucial to 

science research, for many reasons, both for the scientists and the citizen scientists. 
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Benefit to Scientists 

 Scientists (that is, trained researchers) gain a lot from citizen science. The first is that 

most citizen scientists are volunteer rather than paid, which saves grant funds. Cohn (2008) 

discusses this in his article, Citizen Scientists: Can Volunteers do Real Research?. Researchers 

can announce projects relatively inexpensively, though social media, websites, apps, flyers, and 

other means, and volunteers respond. Volunteers then use their own time and money to collect 

data that the researches would have had to collect themselves. With the Audubon Society’s 

Christmas Bird Count as an example, volunteers are given directions to walk in a circle with a 

15-mile diameter and record all birds they see or hear. With almost 2,500 counts in the first 10 

months of 2015 alone, with all counts fully funded by volunteers, the counts are much cheaper 

than having professional scientists and researchers collecting all the data themselves. Here, the 

results are submitted to the Audubon Society and compiled, saving the society both time and 

money. In addition, in many ways it is easier to have citizen scientists collect that data rather 

than researchers. There can be more data collected, with studies having large numbers or citizen 

science researchers, and over longer periods of time. Rather than having a few researchers collect 

samples or observations, the citizen scientists can, increasing the scale and scope of the project 

while also expediting the process, as the researchers can now spend the time interpreting the data 

instead of searching for it. 

Benefits to Citizens  

 Dickenson et al (2012) discusses benefits of Citizen Science that are exclusive to the 

citizens. Doing research projects as citizen scientists can be fun and increase friendships with 

those the citizens work alongside, but also provide opportunities for those who have hobbies in 

the fields being researched. For example, a bird watcher benefits from participating in the 
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Audubon Society’s Christmas Bird Count because they get to contribute to a society with their 

interests in mind but also get to watch birds, and perhaps see more birds than usual, as more eyes 

can see more birds. Dickinson also discusses the sense of community that is formed, a general 

benefit to citizens. Ramirez-Andreotta et al in Environmental Research Translation: Enhancing 

Interactions with Communities at Contaminated Sites (2014) discusses citizen science in the 

framework of hazardous waste sites, where citizens living near Superfund sites engaged with 

researchers, asking questions about the waste, contamination, and clean-up. With this citizen 

science project, the citizens could to ask questions about and address fears of living near 

hazardous waste sites and receive answers by professionals whose main interest was them. Here, 

the citizens benefited from citizen science by getting to have their needs addressed and 

interacting with scientists for their own benefit, peace of mind and education. Jordan et al (2002) 

discusses this as well. Citizen science projects intrigue those who enjoy science and inspire 

science in those with less experience. Teachers often use citizen science to engage their students 

in real-life science, as the students get to see their observations being recorded and used in real 

studies. These such projects are beneficial to educators as it gives their students hands-on 

experience, inspires scientific literacy as previously discussed, and is relatively easy to do and 

appropriate for all age groups, from children to senior citizens. All age and learning levels 

benefit and can see their contribution and feel a sense of pride from their involvement in a 

project. Erin Peters-Burton demonstrates this in her article Outcomes of a Self-Regulated 

Learning Curriculum Model (2015), where a science curriculum for middle school students is 

developed based on self-regulated learning, and the students set goals for themselves with 

designated activities, such as pre-and post-learning discussions and self-selected research 

projects. 
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General Benefits 

 Benefits from citizen science projects are apparent, then, as has been seen in Jordan’s 

article. Previously discussed were the individual motivations and rewards for pursuing citizen 

science, but the author also divides other outcomes into two more classes, programmatic and 

community. The community outcomes fall more towards benefitting the scientists by 

encouraging public science literacy, but the programmatic outcomes focus more on how the 

community sees the research and how well the citizen science program is working. In some 

cases, citizen science is the research, not the means to the research. Jordan discusses this in her 

“programmatic outcomes” class, stating goals such as “understanding of program strengths and 

weaknesses”, “accessibility and usability of data” and “understanding of community issues”. 

With citizen science as the ends rather than the means, research focuses more on evaluating how 

communities learn and testing curricula. Jordan suggests a balance between data collection and 

learning goals.  

There are benefits to scientists of using citizen science, and benefits from using citizen 

science. Citizen science also helps researchers by increasing public understanding and 

knowledge of the scientific process. Dickinson et al (2012) discusses how citizen science can 

broaden the impacts of scientific research. Citizen science projects often have educational 

materials that exceed their life for the research, and can be used at later dates for further 

education, such as background information and theories of research as well as the methods. In 

addition, there are educational benefits, such as understanding data collection and accurately 

submitting it, as well as critical thinking skills and enhanced knowledge of the scientific process. 

Citizen scientists often use these skills later in everyday life, and use them to make informed 

decisions about the earth and as stewards of the earth. Citizen scientists also become curious 



15 

 

during the research they participate in, most often in the data collection, as they see patterns or 

wonder about their observations. These questions are critical to the scientific thinking process, 

and are helpful both to the researchers and to the citizen scientists, as they become curious about 

the world around them and more inspired to learn about it. If communities participate in citizen 

science projects, as a whole, they benefit from the process, as they are more informed decision 

makers and often increase inclusiveness of their decision making, with more community 

members taking part in the decision making of the community and more ability to understand 

science among their groups and make decisions based on their communal knowledge. Peer 

networks are created and citizens often become more aware and try to address conservation 

efforts in their communities. This increases scientific literacy and understanding, something from 

which all scientists and researchers benefit. 

A recent paper by Kristine Stepenuck and Linda Green (2015) reinforces the idea of 

different outcome levels. This paper looks and individual and community level outcomes of a 

participatory monitoring programs through a synthesis of past articles, though not programmatic 

outcomes. The paper begins by listing four benefits to come from these types of programs as 

found by a previous study, which are “improved communication between government and local 

stakeholders,” “increased knowledge and changed attitudes among participants,” “better 

adherence to natural resource regulations by community members,” and “empowerment of local 

stakeholders”. Three more previous studies are examined, and all list benefits of increased 

stewardship by participants, increased knowledge, and better scientist-participant relationships. 

Out of 436 articles and 4 reviews pooled, only 35 discussed individual outcomes, suggesting a 

dearth of knowledge in the field. Social learning, however, was given as an outcome in five of 
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the articles assessed, and was defined as scientists understanding local knowledge better and the 

local participants understanding data collecting better, a sort of mutualism between the two.  

Science literacy, then, as seen in different terms across different articles, is an outcome 

that affects both the citizen scientists and the scientists themselves. In his paper Changes in 

Participant’s Scientific Attitudes and Epistemological Beliefs during an Astronomical Citizen 

Science Project, Aaron Price (2013) argues that citizen science projects provide a different kind 

of scientific knowledge than textbook learning, as participants get to learn through immersion 

and develop their own ideas rather than straight textbook knowledge, and that the participants are 

doing it voluntarily, of free will, rather than in a classroom setting where they may not feel 

engaged by the subject. Price does discuss, however, that different citizen science approaches 

can yield different outcomes.  

Celia Evans et al in The Neighborhood Nestwatch Program: Participant Outcomes of a 

Citizen-Science Ecological Research Project (2005) suggest that there may be more benefits to 

citizen science than just increased scientific literacy, and argue that a sense of place, or knowing 

about the places in which an individual lives, is important to their relationship to the environment 

and their influence on it. Evans et al. break the phrase “sense of place” up into four components, 

including knowledge, skills, awareness, and disposition to care. While knowledge and skills tie 

into scientific literacy, awareness and disposition to care are separate. They looked at a program 

called Neighborhood Nestwatch, where participants observed and reported data on eight bird 

species on their property, as well as tagged birds, and periodically researchers would come visit 

and capture tagged birds to collect physiological data. The participants were then asked to 

complete a survey on demographic data and later an open-ended interview on their experience. 

Specifically, the citizens were encouraged to bring up the four sense of place components. 90% 
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of participants reported increased knowledge, 87% in increased knowledge of bird biology and 

behavior, while there was also a strong increase in sense of place, with 83% reporting increased 

awareness. 56% of participants changed yard behavior because of this increased awareness, with 

a desire to improve the habitat quality of their yards.  This citizen science program was 

successful in fostering connections between the citizens and the ecology of the land, a benefit not 

previously discussed.  

Motivations of Citizen Scientists 

The benefits that volunteers receive from participating in Citizen Science projects are 

several and are clear, but what are the motivations for the citizens to participate initially? Do 

citizens just feel a need to pitch in, or do they want questions answered and concerns addressed? 

Jordan et al (2013) evaluated participants in the Galaxy Zoo project, an online citizen science 

project where visitors classify galaxies by shape, and then further define that galaxy’s features. 

Online surveys were given to volunteers to determine motivations, where the participants were 

asked to pick which of twelve motivations most applied to them, allowing the participants to 

choose multiple motivations and rank their levels of importance. A desire to contribute and an 

interest in the subject matter were the top ranked responses, with a desire to discover knew 

galaxies close behind. The lowest ranked motivation was the desire to meet people with similar 

interests. This is in opposition to Dickinson (2012), who listed a sense of community and 

individuals meeting others with similar interests as a large benefit to citizens. However, since the 

Galaxy Zoo project is entirely online, contact with others is limited, which the participants would 

know going into the project.  

Participant motivation may be different when there is risk involved. In Galaxy Zoo, 

participants face little worry about the threat of galaxies. When there may be potential health 
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issues, motivation may lean more towards concern. In the Ramirez et al. (2015) paper Analyzing 

Patterns of Community Interest at a Legacy Mining Waste Site to Assess and Inform 

Environmental Health Literacy Efforts (2015), the inquiries of a community near a Superfund 

site were evaluated because the community members were concerned about the contaminants 

from the site. Health and management appeared to be top concerns of the citizens. While this 

article addressed changes in concern over time, it did show that the community was concerned 

about the contamination and that this may play a role in citizen science projects.  

Wright (2015) provides perhaps the largest synthesis of volunteer motivations in his 

article Understanding the Motivations and Satisfactions of Volunteers to Improve the 

Effectiveness of Citizen Science Programs. He first reviews why understanding citizen scientist’s 

motivations to participate are so important to researchers, stating that because they are not paid, 

they are more responsive to other factors in the research, and less likely just to stay on for a 

paycheck, and keeping them happy means keeping them as participants. To study the different 

motivations for citizen science participants, examines the Second Southern African Bird Atlas 

project, designed in part to track changes in bird distribution and population and to increase 

public awareness of the topic. Wright’s team conducted an online survey of participants, with 

emphasis on motivations and satisfaction levels. The motivation for participating in the research 

that was ranked by the citizen scientists as the most important was that the project was recreation 

and nature based, while the least important motivation was project organization. Falling in the 

middle were personal values, personal growth, and social interactions. He states that volunteers 

who have their motives fulfilled tend to be more satisfied with their participation, and that ideally 

motivations should be assessed before the beginning of the project to cater to those motivations. 
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Similar to the Galaxy Zoo project, this was a study that had little direct effect on the volunteers’ 

lives and health, and motivations may change based on risk. 

No article reviewed stated the motivations of participants in citizen science projects to be 

to receive the general benefits discussed earlier in this literature review, such as becoming 

informed decision makers or increasing community capacity. However, some motivations did tie 

in to the individual benefits, such as a desire to contribute (Jordan et al. 2002, Jordan et al. 2013). 

Uses of Citizen Science 

While citizen science can be an invaluable resource to the researcher, it is not a method 

that can be used for all research. Monitoring programs like the Audubon Christmas Bird Count 

are often extremely appropriate for using citizen scientists, as citizen scientists can create robust 

data by the number of samples they can provide, and are more likely to have sightings of rare 

organisms, since there are more “eyes” searching. Tord Snäll (2011) discusses this in Evaluating 

Citizen-Based Presence Data for Bird Monitoring, where the Species Gateway and the Swedish 

Bird Survey are used to measure strengths and weaknesses of citizen monitoring of population 

changes. Using citizen scientists to collect data means that the collections are often non-random, 

and that skills across participants may not be equal. Strengths are the number collected and ease 

of collection for the researchers. To utilize citizen science, researchers must weigh potential 

benefits and drawbacks. In addition to discussing the benefits to the citizens mentioned 

previously, Dickinson (2012) states how citizen science is very suitable for monitoring and 

observing populations. Since using citizen science in these types of project means more “eyes”, 

finding rare organisms is easier, as well as tracking their numbers and movement. This is why 

many citizen science projects center around birds, like the Audubon Christmas Bird Count and 

the North American Bird Phenology Program.  
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Silvertown, in his paper A New Dawn for Citizen Science (2009), describes uses for 

citizen science. Rather than just monitoring, he states that citizen science can also be used for 

hypothesis driven research, and in fact that all citizen science projects should have a hypothesis. 

It is also ideal for projects in which volunteers can see how they contributed, as that serves as a 

reward for them. Finally, he states that for those citizen science projects that do have a 

hypothesis, the most successful do not have a very specific hypothesis and are generally simple.  

Within citizen science, there are different types of studies. Wiggins and Crowston (2011) 

divide participant involvement levels into three categories: contributory, collaborative, and co-

created. In a contributory citizen science study, citizens assist with data collection, and in some 

cases may be involved in the data analyzation process and be distributed the results. The 

Audubon Christmas Bird Count would be an example of this, as volunteers collect data on birds, 

and after each count, the Audubon Society distributes information on the data collected on its 

website. Contributory projects have the least amount of citizen engagement of the three. In a 

collaborative study, volunteers participate in data collection, sample analysis, and data analysis, 

and in some cases, help design the project, help to interpret the data, work with scientists to draw 

conclusions from the data, and receive results. In a co-created citizen science project, volunteers 

are involved in all of the aforementioned steps, in addition to helping to define the initial 

questions, gathering information before the study, developing hypotheses, and after the results 

are disseminated, the results are discussed and they have an opportunity to ask further questions, 

potentially researching further themselves. With co-created projects, citizens work alongside the 

researcher, helping develop the project themselves.  

Wiggins and Crowston also identify five mutually exclusive types of citizen science 

projects, independent from participation levels: action, conservation, investigation, virtual, and 
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education. In a citizen science program that focuses on action, often the subject is brought up by 

a local concern or in support of an agenda, such as environmental concerns or health hazards. 

Conservation projects also involve environmental concerns, but instead are aimed towards the 

goal of stewardship and environmental protection, with monitoring projects as a good example. 

These studies focus on increased awareness and protection of studied areas. The third type of 

citizen science project is an investigative project. These are the studies that have specific 

hypotheses that volunteers collect data to test, and require the most education materials in order 

to produce valid scientific results. Virtual citizen science projects are online, with no physical 

element. They are perhaps the easiest for volunteers to participate in, with a prime example being 

the Galaxy Zoo project. Finally, there are also education based projects, where the goals are 

education and outreach. These tend to study the citizen scientists rather than the science itself, as 

the projects focus more on having the participants learn the scientific process themselves and 

increasing their scientific literacy. In this case, the scientific validity of the results is second to 

the learning process of the citizen scientists.  

Follett and Streznov use Wiggins and Crowston’s categorization in their paper An 

Analysis of Citizen Science Based Research: Usage and Publication Patterns (2015). They 

catalog journal articles of citizen science papers from the Web of Science and Scopus databases, 

and culled from that the articles that were about specific citizen science projects, and then from 

those, classify them based on the typology discussed by Wiggins and Crowston, and from there, 

into their topics, such as astronomy, biology, or medical. They found that articles on citizen 

science projects were greater in number, and stretched farther back, than studies that focus on 

motivations behind citizen science and benefits received by the citizens, which were more recent. 

For the typology, most of the projects were investigative, and the smallest category was action 



22 

 

based, though education projects were few in number as well. For topics, biology comprised 

most of the projects, and birds were the most common research topics. Follett and Streznov also 

found that over time, the use of citizen science has been appearing more and more often in 

journals, and that the trend is likely to continue. 

Another format of Citizen Science research involves Promotoras. A Promotora is a 

community health worker, typically in primarily Hispanic/Latinx areas, with informal training in 

health education, covering topics such as healthy eating and disease prevention. Promotoras were 

originally used to provide health education to rural and marginalized communities as familiar 

faces rather than unfamiliar, potentially intimidating strangers, as they have already developed 

relationships with their communities. Corkery et al (2003) discusses benefits of using community 

health workers like Promotoras in a diabetes education program. Subjects in an education 

program were divided into groups, where one group had contact with Promotoras, and one did 

not. Those who did have contact with Promotoras were more likely to complete the program, and 

those who were able to complete the program had increased knowledge about their conditions.  

Hunter et al, saw similar results with a project involving annual chronic disease prevention in 

women. Half the women involved received postcards before their annual exams reminding them 

of the date, and half received a postcard and visits from a bilingual Promotora. Those who were 

visited by Promotoras had increased compliance with their appointments and follow-ups than 

those who did not.  

In addition to health workers, Promotoras can be involved in multiple steps of a project. 

Johnson et al (2013) discusses the use of Promotoras as research partners, involved in multiple 

steps of the project, from conceptualization to interpreting results. The Promotoras proved to be 

useful partners, as they could reach out to their communities better than their university 
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counterparts and understand behaviors and emotions of the communities better. Those who were 

visited by Promotoras had increased compliance with their appointments and follow-ups than 

those who did not. 

Projects that are not appropriate for citizen science research methods are ones that 

involve complex methodology or extensive work (Thelen and Thiet, 2008). While training is 

recommended for citizen science programs, anything longer than a few days is likely too 

complex and may allow for the collection of biased data.  

Citizen Scientists 

Now that motivations and appropriate cases for citizen science has been discussed, who 

are the individuals volunteering for citizen science projects? Do they tend to come from a 

specific demographic, like race or age, or of a particular occupation? It has already been 

suggested in Jordan’s paper that an interest in the subject matter is a key motivation for 

participating in citizen science projects, and Wright discovered that volunteers were motivated 

by recreation and that many citizen science projects are nature based, so perhaps these volunteers 

have a background in science themselves since they take an interest in the subject matter and 

seem to enjoy it. Jeffrey Cohn in his article Citizen Science: Can Volunteers Do Real Research? 

(2008) states that common demographics in Citizen Science projects are teachers and their 

students, or members of conservation groups who are already exposed and inclined towards the 

subject with at least some scientific knowledge. He cites cases where organizations like the 

National Parks Service actually recruit citizens with experience in the relevant field or research, 

like birders for bird monitoring programs. 

Pandya (2012), states that demographics of citizen science participants are not 

representative of US demographics, and typically underrepresented scientific groups remain 
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underrepresented. African Americans, Native Americans, and Latinos as well as poorer 

individuals are less likely to participate in citizen science projects. Diversity is limited, and 

Pandya argues that even though a key goal of citizen science is to engage the communities in 

science and encourage interest, whole communities are being left out. Potential reasons for this 

are that poorer households simply lack the time to participate and often the ability, with little 

transportation and less background in the subject. These demographics are likelier to have more 

jobs and work longer hours, and cannot commit the time to citizen science projects. In addition, 

for these demographics, there is less access to natural settings where citizen science projects can 

take place, and because these demographics have less scientific background, the idea of 

participating in a study may seem daunting. Pandya later discusses possible remedies, such as 

reaching out to underrepresented communities and asking how to best serve them and address 

their concerns. Engagement should cover training, so that less educated individuals do not feel 

like participation is inaccessible to their current education levels, and perhaps work with entire 

families instead of individuals. Finally, especially in regards to Native Americans, traditional 

ecological knowledge should be incorporated into the projects, taking care to note that the 

participating communities might hold this knowledge sacred. 

Designing Citizen Science Projects 

Care needs to be taken in how a Citizen Science project is designed. Bonney, a co-

founder of the Cornell Lab of Ornithology’s Citizen Science Program, discusses project design in 

Citizen Science: A Developing Tool for Expanding Science Knowledge and Scientific Literacy 

(2009). He creates a model for the development of a citizen science project, though perhaps 

pertaining more to a contributory or collaborative project rather than a co-created one, that 

begins with choosing a scientific question. The level of complexity in the question can change 
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the attraction level of the project to potential participants, and can change the amount of training 

needed for those participants to collect their data, so questions must be designed with care. The 

next step in Bonney’s model is forming a research team. A researcher, a statistician, and an 

evaluator are needed to ensure the validity of the data and evaluate outcomes, and an educator or 

outreach specialist is needed to explain the project to participants, communicate results, and 

ensure adequate communication. Materials and protocol then needs to be developed and tested. 

The protocols show participants how to collect data, so they must be clear and easy to follow. 

Education materials must be clear as well, as they are meant to support the participants and 

facilitate new questions or track progress. At this point participants can be recruited. The 

difficulty of this depends on the project. All recruitment materials should be geared towards the 

intended audience. In cases where the project was co-created, participants may already have been 

recruited.  After the participants are recruited, they must be trained. There should be clear 

instructions and background reading available, with training workshops if applicable. However 

the project is set up, the training of participants is critical.  

 The next part of the model that Bonney defined is accepting, displaying, and editing data. 

This is where evaluators and statisticians come in, checking values that may be out of the typical 

range for the data or investigating rare sightings. This is also where the citizen scientists can see 

the data that they have collected and can see how that data is being used. After this is the analysis 

and interpretation of data. Again, the evaluators, researchers, and statisticians work here with the 

data. They look for patterns and errors, and know when to censor data. In addition, they can 

identify cases in which the data needs to be studied further. The results are then disseminated. 

The results should not just be presented in academic journals, but in forms available to the 

public, like on a website for the project, or in newspapers. The final step is to measure impacts. 
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Evaluations on both the citizen and researcher side should be done to measure strong points of 

the model as well as areas for improvement.  

 In the case of Promotoras, the participants need to be trained to be able to complete an 

intervention. Koskan et al. (2012) evaluates many different training programs and materials used 

in various Promotora studies. Seven Promotora curricula were submitted by Promotora planners, 

including group discussions and activities that followed lessons, and manuals. Many involved 

PowerPoint Presentations, videos, and simulations. Training was often supervised, and while the 

materials were intended to have a lower reading level, this was not always the case. In many 

cases, having set goals for training helped learning. Swider et al. (2010) discusses components 

found in a Promotora community health program about Diabetes. In the program, the Promotoras 

underwent 90 hours of initial training, consisting of learning what the role of the Promotora was, 

understanding the subject, and proper home-visit behavior. Later, ongoing training was held to 

go over any questions the Promotoras had and discuss any further issues. All training was done 

in Spanish and by either the Midwest Latino Health Research, Training, And Policy Center at the 

University of Illinois at Chicago or by medical professionals. The training was evaluated using 

simulated home visits to gauge how well the Promotoras understood the content, and it was 

found that the training method was effective, especially the ongoing training.  

Evaluating Citizen Science Projects 

 As a leader in Citizen Science programs, the Cornell Lab of Ornithology’s Evaluating 

Learning Outcomes from Citizen Science (2015) provides a thorough guide for developing an 

evaluation plan and implementing it, focusing on individual learning outcomes from the projects. 

Evaluating citizen science projects is important because it involves everyone who has an interest 

in the project. As defined by the Cornell Lab, evaluation “is a comprehensive process that 
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involves a strategy to plan, implement, and report results”. According to the lab, evaluation 

should happen throughout the entire life of the project, which supports the element of Bonney’s 

model that emphasizes the development and testing of materials and protocols before they are 

implemented. To ethically allow participants to evaluate the program, the Cornell Lab gives five 

standards: Voluntary participation, informed consent, explaining risks of harm, confidentiality, 

and anonymity. Three types of evaluations are listed. The first is a front-end evaluation, or needs 

assessment. The second type is a formative evaluation, and occurs during project development. 

The last kind is summative evaluation, used to describe outcomes of the project, and is the focal 

area of the guide. 

 The first phase of evaluation is planning. First, goals and targeted of the project are 

defined, and these will be what is evaluated. A logic model for the program is then drafted. It is 

meant to show how each project component is related to each project outcome. It relates inputs, 

activities, outputs, outcomes, and impacts among both participants and the program. Next, 

questions to be answered by the evaluation are designed, perhaps to understand changes in 

knowledge, or identifying strengths and weaknesses in the program, and what would indicate 

that the questions or outcomes were fulfilled. There are different study designs to evaluate 

outcomes. Quantitative methods such as surveys or a statistical analysis of the data provide for 

good control of variables, but can be difficult to administer. Qualitative methods such as 

interviews and focus groups produce detailed data and can allow the participants to give their 

own answers instead of pre-set ones, but is difficult to analyze and requires more from the 

researcher. A mixed-method evaluation combines methods from both the qualitative and 

quantitative designs, combining their strengths but making interpretation more difficult.  
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 The next phase of the evaluation is implementation of the evaluation itself. It involves the 

recruitment of participants, which involves the five standards of ethical evaluation, and careful 

tracking of the data. The data should be in a form that is easy to analyze, and the intended 

audience should be properly represented. The next phase of evaluation is share the data, and that 

begins with data analysis. Quantitative data should be coded and summarized with statistics such 

as a frequency analysis or determining the mode and median, while qualitative data should be 

reduced into categories, such as by themes, before interpretation. For a mixed methods analysis, 

the qualitative and quantitative methods can be compared, synthesized, or analyzed separately. A 

report necessary to disseminate data, and should include an executive summary as well as an 

overview of the program and how the evaluation was implemented. Both stakeholders and 

participants should be given the results of the evaluation.  

 J.C. Tweddle et al. (2012) also provides a handbook for citizen science projects, titled 

Guide to Citizen Science. In this handbook, evaluation is “an ongoing process”, and like in the 

Cornell Lab’s guide, is a process that should be done throughout the entirety of the project, not 

just the end. Evaluation is not just for data, but for improving all aspects of the project, including 

the experiences of the participants.  

 Guide to Citizen Science lists three types of evaluation: baseline, formative, and 

summative. Baseline evaluation takes place before the project, and assesses knowledge, 

understanding, and other variables that may change over the course of the experiment. It can 

include a pre-survey or a needs assessment of the participants or community that the citizen 

science project will involve. Formative evaluations are done during the project to be consistently 

improving the project. Throughout the project, media should be evaluated for effectiveness, and 

instructions for clarity. There is also summative evaluation performed at the end of the project. It 



29 

 

is meant to evaluate the results, and if goals were attained. Strengths and weaknesses of the 

project are evaluated, and areas to improve are determined.  

 Brossard et. al. (2012), in Scientific Knowledge and Attitude Change: The Impact of a 

Citizen Science Project looks at the outcome of a citizen science program done at the Cornell 

Laboratory of Ornithology. There were two goals of the evaluation were to understand the 

effects of the project on participant knowledge, and compare this newfound knowledge to 

“national norms”. This was done at the end of the project, fitting the UK Environmental 

Observation Framework definition for a summative evaluation.  Brossard lists issues that may 

occur during evaluation of citizen science. Firstly, there is no standardized scale to compare to, 

meaning that there is no threshold for a successful project, and deeming a project such relies on 

the evaluator’s discretion. There are also few conceptual frameworks to work under. Another 

issue for evaluation is that since citizen science projects often involve volunteers, evaluations 

should not require too much time or effort.  

 For evaluations, premade scales for different questions can be used. In Brossard’s 

evaluation, her team used a scale developed by the National Science Foundation to determine 

changes in attitude, though with modifications. For the assessment of knowledge, scores were 

developed by the research team, ranging from no knowledge to high knowledge. Brossard states 

that even though a random sample should be selected for evaluation, there may be factors that 

inhibit that, like the participant’s work schedules, anonymity concerns, or budgets.   

Results of Citizen Science Participation 

 A result that may arise from citizen science projects is a change in self-efficacy. It has 

been shown across fields that an increase in literacy of a subject can lead to increases in self-

efficacy. While self-efficacy research in environmental science is limited, there has been 
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significant research in self-efficacy in regards to public health. Firstly, self-efficacy will be 

defined as the ability or drive of an individual to achieve a goal, whether for the environment or 

for themselves.  

 Paasche and Orlow (2007) describe changes in self-efficacy in regards to health literacy. 

They argue that health literacy, defined by them as the “degree to which individuals have the 

capacity to obtain, process, and understand basic health information and services needed to make 

appropriate health decisions, can be correlated with several health outcomes, including self-

efficacy. Health literacy affects access and utilization of health care, provider-patient interaction, 

and self-care, which in turn affects health outcomes. Two of those components, Access and 

Utilization of Health Care and Self Care, are dictated by factors that include self-efficacy. Patient 

factors are a major part of the two components, and self-efficacy is a patient factor. Changes in 

health literacy are manifested in changes in self-efficacy. In this article, the authors describe the 

effects of low health literacy, and thus state that low health literacy leads to low self-efficacy. 

 Sørenson et al. (2012), in the paper Health Literacy and Public Health: A Systematic 

Review and Integration of Definitions and Models (2012), also examine public health literacy 

and its various effects. In this article, which is a literature review of health literacy, the subject is 

conceptualized and divided into components. The authors examined publications on health 

literacy, and studied the consequences and benefits of health literacy. One study found that 

increased health print and oral literacy, that is, the ability to understand both written and verbal 

information about health, resulted in greater self-efficacy with regards to health. It also cites the 

Paasche and Orlow article, arguing that the authors show that health literacy is directly tied into 

self-efficacy. 

Conclusion 
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 Citizen science is quickly becoming an important method to researchers. It allows 

researchers to save time and money, but also increases self-efficacy of the participants and 

understanding of the study material. This helps the citizen scientists to understand the world 

around them, and the scientists to help disseminate knowledge. Reasons for participants to 

engage in citizen science research projects are numerous, and often dependent on the type of 

project. In projects where health is at risk, motivations tend to lean towards health concerns. In 

projects where it is not, such as the Galaxy Zoo projects, motivation is largely based on personal 

interest and a desire to contribute. Designing a citizen science project needs careful attention, as 

proper training is paramount to the project, especially in the case of a Promotora project where 

the participants will be acting as educators themselves. The background of the participants’ 

needs to be taken into account, and the materials used need to be clear and user-friendly, 

preferably going through usability tests along the way. Evaluation of citizen science projects is 

very project-specific, but needs to occur at all steps of the project, not just at the end. Scales are 

used in the evaluation process frequently, as well as mixed methods approaches. Understanding 

how to complete a citizen science project is important, as for most the end goal is to engage the 

public in the scientific process, especially the underserved population who still may find 

themselves excluded from these projects.  
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PRESENT STUDY 

Introduction  
 

 This study examines two citizen science programs and the changes in knowledge and 

self-efficacy that result, as well as motivations for participation. A mixed-methods approach 

involving quantitative and qualitative data is employed in both. These methods include 

quantitative surveys, focus groups, interviews, and drawings. In this project, knowledge will be 

defined as awareness of a situation, such as environmental quality and climate change 

sustainability. Motivation assessments attempt to understand why participants chose to be 

involved in the programs. Self-efficacy, is defined by Janz et al. (2002) as the sense of having 

control over one’s life, or the ability to create desired outcomes.  

 These programs utilize two theoretical frameworks. The first is Public Participation in 

Scientific Research (PPSR). PPSR projects involve the public in the research process to create 

authentic data (Shirk et al., 2012). There are five PPSR models, each with varying degrees of 

participation. The first is contractual, where communities hire researchers to investigate a topic. 

Then there are contributory projects, designed by researchers, where data collection is done by 

the public. Collaborative projects involve the public contributing both to data collection but also 

other aspects of the project, such as analysis. Co-create projects are designed in part by both 

scientists and the public working together, and collegial projects are done entirely by the public 

(Shirk et al.).  

 The second theoretical framework is Peer Education. In this framework, when 

researchers are working in a community, there is someone with similar backgrounds to the 

community working as a liaison (Shiner, 1999). They are familiar with the community, and are 

not seen as an outside researcher. They are culturally sensitive, and understand the social norms 
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of the community, allowing them to be seen as less biased than an outsider who may have an 

agenda. They are recruited and trained by researchers, and can provide insight as to the viability 

of research being done or solutions to problems that the researchers come up with.  

 One program being examined is the Facilitating Community Action to Address Climate 

Change and Build Resiliency in Southern Metropolitan Tucson program. This project takes place 

in the South Tucson Community, a primarily Spanish-speaking area with a population of 

approximately 5,715. Community health workers called promotoras were trained in 

environmental health, climate change, and sample collection. They then went out into their 

community, took soil and water samples, and conducted home visits where they provided 

information to the residents on the greenhouse effect, climate change, and ways to mitigate the 

effects of those as well as how to conserve energy and water. Before and after the training of the 

promotoras, a pre- and post-survey was done to assess changes in knowledge, efficacy, and the 

motivations of the participants. Those who were visited in their homes also completed a pre- and 

post-survey at the beginning of the first visit and end of the second visit. The surveys contained 

quantitative, Likert scale questions as well as drawings to evaluate qualitatively.  

 The other program being examined is the Gardenroots: A Citizen Science Program, 

henceforth Gardenroots. Prior to Gardenroots, a needs assessment was done in rural communities 

near active and legacy resource extraction sites and found that residents were concerned about 

possible contamination in their soil, water, and home-grown produce. The Gardenroots program 

was conceived, and gardeners were trained in soil, water, and vegetable collection methods. 

They collected these samples, and sent them in for analysis. Results were reported back in a 

series of meetings in December 2016, and sent through the mail to those who did not attend the 

meetings. Prior to training and after the results were reported back, pre- and post-surveys were 
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completed by the participants. At the end of the report back meetings, focus groups were 

conducted using the attendees. Three months later, after the participants had time to look over 

and digest their results, semi-structured one-on-one interviews were conducted.  

 

Research Objectives 
 

 My thesis attempts to understand why the public participates in citizen science projects 

and the outcomes of this participation. To do so, I examined two existing citizen science projects 

using mixed-methods approaches. These approaches included qualitative and quantitative pre- 

and post-surveys, focus groups, and interviews. Both projects involved participant training and 

the report-back of data to increase environmental knowledge and capacity of typically 

underserved communities. The goals of this study were to understand motivations and changes in 

efficacy and knowledge based on:  

Objective 1. Pre/Post-Surveys Promotora: The first objective of this project is to determine 

changes in the promotora’s motivations for participation as well as efficacy for 

environmental action and doing science using pre- and post-surveys. In addition, changes in 

knowledge of methods to reduce the impact of climate change will be determined using 

drawings in the pre- and post-surveys. 

Hypotheses 

a. The participants’ self-efficacy for environmental action and scientific learning 

will increase because of the program. 

b. The participants’ motivations will be primarily internal in both the pre- and post-

surveys, but will have a higher internal/external proportion in the post-survey 
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c. The participants will have a greater knowledge of activities around the house to 

reduce climate change because of the program. 

 

Objective 2. Pre/Post Surveys Promotora Home Visits: The second objective of this program 

is to determine changes in the home visit participant’s efficacy for environmental action and 

doing science using pre- and post-surveys. In addition, changes in knowledge of methods to 

reduce the impact of climate change will be determined using drawings in the pre- and post-

surveys. 

d. The participants’ self-efficacy for environmental action and scientific learning 

will increase as a result of the program. 

e. The participants will have a greater knowledge of activities around the house to 

reduce climate change as a result of the program.  

 

Objective 3. Pre/Post-Surveys Gardenroots: The third objective of this project is to determine 

changes in Gardenroots participants’ motivations for participation as well as efficacy for 

environmental action and doing science using pre- and post-surveys. 

Hypotheses 

f. The participants’ efficacy for environmental action will increase as a result of the 

Gardenroots program. 

g. The participants’ efficacy for doing science will increase as a result of the 

Gardenroots program 

h. The participants’ motivation will be primarily internal in both the pre- and post-

surveys, but will have a higher internal/external proportion in the post-survey.  
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Objective 4. Focus Groups/Interviews Gardenroots: The fourth objective of this project is to 

determine participant motivation for engaging in the Gardenroots program and efficacy for 

environmental action through focus groups and interviews. In addition, the participants’ 

confidence in their knowledge will be evaluated in interviews.  

Hypotheses 

i. Motivations will stem primarily from health and safety concerns. 

j. An interest in scientific engagement may be a partial motivator for participation. 

k. A desire for community involvement will rank low as a motivator. 

l. The participants in the Gardenroots project will feel more capable of creating 

change in their communities.  

m. The participants will have increased knowledge as a result of the Gardenroots 

program. 

 

 

Conclusion and Research Implications 
 

 In this project, it was found that the promtora model is applicable to environmental health 

projects, as those who were visited by these community health workers showed increases in 

knowledge and efficacy. The promotora model can also be used in citizen science projects as 

well, as the hands-on sample collection increased knowledge and self-efficacy of the promtoras. 

It was also found in the Gardenroots project that reporting back data is extremely important in 

citizen science projects, as it increases satisfaction with the study and improves knowledge 

outcomes. In both projects, motivations were primarily internal with a strong concern for health 
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risk.  This project has improved understanding of the motivations of citizen scientists to 

participate in hands-on environmental quality and health projects, as well as elucidate changes in 

knowledge as a result of participation and changes in efficacy for scientific learning, doing 

science, and science action.  

 Based on these results, it is recommended that the promotora community health worker 

model be used to educate Spanish speaking communities on environmental issues. It is also 

recommended that researchers involve community members in as many steps of the research 

process as possible, as well as be in constant, two-way communication with them in order to 

increase knowledge and community capacity to environmental quality and health. Those who 

participated can make informed decisions on methods to mitigate the many effects of climate 

change and to reduce their exposure to contaminants through their gardens.  

 The future of citizen science projects is bright. How individuals benefit from and interact 

with citizen science is being evaluated, and projects are becoming less contributory and more 

collaborative and co-created. Participants are no longer just being used to collect data, but as 

partners in the entire research process. Future citizen science projects should continue along 

these lines, especially in the project design stage. This will allow projects to be relevant to 

community members interests and encourage participation. It also allows for incorporation of 

community knowledge. Since those who live in an area are more attuned to fine changes, their 

local knowledge can be used to inform projects done by outside researchers. This partnership 

will allow for greater trust between the two, and provide opportunities for future participation. 
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Introduction 
 

Climate change is one of the most pressing issues society faces today (Pachauri et al., 2014). 

It is anticipated that temperatures will increase anywhere from 0.03° to 4.8° Celsius by 2100, 

depending on mitigation strategies implemented (Pachauri). In the Southwestern United States, 

climate change is of particular concern due to the already dry climate becoming drier (Seager et 

al., 2007).  Climate justice is a relatively recent movement that began in the 1990s and gained 

momentum in 2002 with the Bali Principles of Climate Justice (Cox and Pezzullo, 2016). 

Climate justice stresses how those living in poverty are the most affected by pollution and will be 

the most affected by climate change (Petit, 2004). This links economic and social movements 

with the environment, as those in poverty contribute the least to climate change, but suffer the 

most consequences (Cox and Pezzulo, 2016). This is further exacerbated by the certain voices 

being left out of the climate change solution discussion (Cox and Pezzulo, 2016). Climate justice 

seeks to remedy this by providing a platform for disadvantaged voices to be heard and focusing 

on reducing the impacts of climate change to these communities (Cox and Pezzulo, 2016).  

In order to stimulate and sustain change, particularly with environmental issues, the targeted 

individuals and groups must be part of the problem-solving dialogue. To do this, Popular- or 

empowerment-education has been proposed, which introduces democratic values and emphasizes 

that the groups that will be impacted by an action must be part of the problem solving (Freire, 

1970). This approach has inspired the methods of Action Research (AR) and Participatory 

Action Research (PAR), and can be defined as the empowerment of citizens through direct 

dialogue, knowledge acquirement, and engages participation to resolve a problem, resembling a 

co-created citizen science program (Ramirez-Andreotta et al., 2014). This strategy has been 

employed in communities worldwide, and in Hispanic communities, a peer education and 
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community health worker known as a promotora is used. A promotora is a female, Hispanic 

community member who has the leadership qualities that allow her to effectively promote a 

particular issue in her own community. She is viewed as a community leader because she has 

been trained to address public health issues, she partners with organizations to assist them in 

achieving common goals, and she is indigenous to the community where she works (Moreno 

Ramirez et al., 2015). The Promotora model has been implemented for decades to educate and 

address public health disparities in Hispanic communities (Hunter et al. 2004), and can be 

leveraged to address pollution prevention efforts (Moreno Ramirez et al., 2015). 

In parallel, Citizen Science is a method of research that is being increasingly used in project 

design and is a type of public participation in scientific research. It includes intentional 

collaborations in which members of the public engage in the process of research to generate new 

science-based knowledge (Shirk et al., 2012). Citizen science projects fall under one of five 

categories: contractual, contributory, collaborative, co-created, or collegial. Contractual projects 

involve a community hiring out researchers to conduct a study, contributory projects involve the 

citizen scientists only in data collection, collaborative projects involve citizen scientists in 

collection and analysis, co-created projects involve citizen science in the design of the project 

itself. Finally, there is collegial contributions involve the public conducting the research 

themselves, which may or may not be recognized as valid (Shirk et al, 2012). There are benefits 

to both the public participant and the researcher in the use of citizen science projects. For the 

citizen scientists, especially in the case of co-created projects, increased capacity for 

understanding scientific results can be observed as well as increased knowledge and increased 

curiosity on the topic (Ramirez-Andreotta et al., 2015). Citizen scientists are effective and time 

saving (Cohn, 2008), and can help to broaden the impacts of scientific research (Dickinson et al. 
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2012). Citizen science is a form of informal science education and studies have shown that 

participation in such projects result in an increase in the participant’s self-efficacy, defined as the 

confidence and ability to have control over one’s own life (Janz et al., 2007), and knowledge of 

the subject, which are linked. When literacy on a subject is increased, so in turn is efficacy 

(Paasche and Orlow, 2007). Stepenuck and Green’s (2015) synthesis on citizen science projects 

show increases in knowledge as a result of participation in citizen science projects and at the 

same time, changes in attitudes towards the subject, where the participants take initiative to make 

the changes in their communities that they want to see. 

This project described here combines the role of the promotora with a citizen science 

program to increase environmental literacy within historically underrepresented populations that 

will be disproportionately impacted by climate change. Within the above frameworks, we 

evaluate: 1) whether a peer education model using promotoras, a traditionally used public health 

model, could be applied in the field of environmental science, 2) the knowledge and efficacy 

outcomes of a 40-hour, bilingual sustainability and climate change curriculum, and 3) whether 

promotoras would be successful in environmental monitoring, specifically soil and water 

sampling. We hypothesized that coupling peer education with a citizen science approach would 

be an effective environmental education and efficacy building model to apply in climate justice 

communities.   

 

Methods 
 

Site Description: 

 The South Tucson metropolitan area is an urban community of 5,715 people (US Census 

Bureau, 2015) within the city of Tucson, Arizona, and is considered an environmental justice 
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community. When compared to the U.S., over 90% of the target area is low income, minority, 

linguistically isolated, and disproportionately neighboring hazardous waste sites, chemical 

treatment, storage facilities, and high traffic areas. This area also lacks tree canopy, has high 

surface temperatures, and high heat vulnerability (Pima Association of Governments (PAG) 

2013). Further, the Arizona Department of Health Services (ADHS) has designated the area as a 

medically underserved and nearly 60% of the residents are members of sensitive population, 

including both children and the elderly (U.S. Census Bureau, 2015). Lastly, over 40% of adults 

lack a high school education, compared to just 15.8% for the entire Tucson area (ACS 2015).   

Training and Education: 

 The Sonora Environmental Research Institute, Inc. (SERI, Tucson, AZ, USA), a 

nonprofit, community participatory research institute began has been engaged in water and 

energy conservation work, and did the recruitment for the training program. In March 2016, the 

Facilitating Community Action to Address Climate Change and Build Resiliency in Southern 

Metropolitan Tucson project was held. It encompassed all aspects of sustainability and climate 

change and was informed by the targeted population’s ecological and social context. Promotoras 

signed up for this program and received a comprehensive training in environmental quality, 

climate change, and sample collection. The training was 40 hours long, spanning two weeks, 

with five-hour sessions each day. An overview of the subjects discussed can be seen in Table A-

1. In addition to the topics covered, major highlights of the training include: 1) a five-hour 

session on how to build a passive rainwater harvesting system and 2) two five-hour sessions on 

environmental quality and field sampling and laboratory methodologies. During the training, 

promotoras collected harvested rainwater and soil samples (areas irrigated with harvested 

rainwater and not irrigated) from residents living in southern metropolitan Tucson. Once the 
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samples were collected, the promotoras promptly arrived at the University of Arizona’s 

Integrated Environmental Science and Health Risk Laboratory to prepare the samples for 

analysis. In the lab, the promotoras entered their sample identifications (chain of custody) and 

field notes into a spreadsheet, placed the water samples in the refrigerator, and sieved, weighed 

out, and dried soil samples. All samples were analyzed by laboratory staff.  

Table A-1: Promotora Training Subject and Lessons 

Subject Climate change Water 

conservation 

Energy Public Health Soil and 

Water 

Sampling 

Lessons -Introduction to 

climate change 

-Vulnerability to 

climate change 

-Predictions for 

Southern 

Arizona 

-Climate effects, 

adaptation 

measures 

-National and 

international 

response to 

climate change 

-Conservation 

methods  

-Drought 

adaptation 

measures 

-Rainwater 

harvesting 

workshop 

-Consumption 

-Conservation 

-Efficiency 

-Vector-borne 

diseases 

-Food 

production 

and security 

-Air quality 

effect on 

health 

-Quality and 

sources of 

contamination 

-Methods of 

sample 

collection 

-Home visit 

preparation 

 

 Each promotora (N=20) then conducted five home visits. They selected homes to visit 

based on their existing network of acquaintances. For those who had never been a promotora 

before, it was advised that they pick and visit the home of someone they knew for their first visit. 

During each home visit, the promotora would consent the participant and then provide the pre-

survey. One the pre-survey was completed, the promotora asked the resident a series of questions 

regarding the construction and year of the home. During each home visit, the promotoras 

described the greenhouse effect and climate change and provided residents with information on 

how climate change may affect our health, and ways to conserve water and energy in and around 
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their homes.  The information packets given to residents covered a variety of topics (Table A-2). 

Three months after the initial visit, the homes were revisited and the post-survey was 

administered by a SERI employed promotora.  

Table A-2: Home Visit Packet Content 

Topic Health  Energy and Water 

Conservation 

Climate Change and Heat 

Island Effect 

Information 

Included 
 Help control the 

mosquito that 

transmit dengue 

 Beat the heat: 8 

tips for senior 

citizens 

 The malaria in the 

world: actual 

distribution and in 

the future with 

climate change 

 Quick facts: 

protect yourself 

from mosquitos 

and ticks 

 When the sun hits: 

Take necessary 

measures in case 

of excessive heat 

 How much CO2 

does a house like 

ours emit from 

energy 

consumption? 

 How much 

electricity do 

household 

appliances use? 

 Lighting options 

to save money 

 Rainwater 

Harvesting 

Program 

 Rainwater 

Harvesting 

Workshop 

 10 ways to cope and adapt 

to climate change in 

Southern Arizona 

 Future changes in 

precipitation  

 Changes in CO2 

concentrations and 

temperatures  

 6 actions against climate 

change 

 What can you do to take 

climate action at home? 

 Facts about climate 

change: FAQs 

 Smart growth and urban 

heat islands 

 

Surveys: 

 To evaluate the outcomes of the program, a pre- and post-survey was designed for both 

the promotoras (those who completed the training described above) and the home visit 

participants (those who were visited by the promotoras after the training). The promotoras took 

the pre-survey before they began the training, and the post-survey afterwards. The home visit 

participants took the pre-survey at the beginning of the home visit and the post-survey at the 

follow up visits three months later.  
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All surveys were administered in Spanish and then translated to English for analysis. The 

promotora pre- and post-surveys consisted of demographic data, open and closed ended 

questions, drawings, and mental mapping. Demographic questions included: date of birth, zip 

code, gender, race, highest education level completed, family size, and approximate income. 

Next, survey statements were provided and divided into six categories: Motivation for Science 

Learning, Motivation for Science Engagement, Motivation for Environmental Action, Self-

Efficacy for Learning Science, Self-Efficacy for Doing Science, and Self-Efficacy for 

Environmental Action (Cornell Lab of Ornithology, Developing, Validating, and Implementing 

Situated Evaluation Instruments Scales, 2015). Participants were asked to decide whether they 

agreed or disagreed with the statements, and answers were on a Likert Scale, where an answer of 

1 meant strongly disagree, an answer of 2 meant disagree, an answer of 3 meant neutral, an 

answer of 4 meant agree, and an answer of 5 meant strongly agree. There were 48 total questions 

of this type. In the post-survey, the questions were identical. Table A-3 details the questions 

listed in the promotora pre- and post-surveys. 

Table A-3: List of Quantitative Questions in Promotora Pre- and Post-Surveys 

Theme Question Statement Number Full Statement 

Motivation for 

Science 

Learning 

In general, 

why do you 

choose to learn 

and understand 

the 

environment 

and climate?  

PM1 Because I like learning about 

environmental science and climate 

topics 

PM2 For the recognition or respect I’ll 

get from others 

PM3 Because I am required to 

understand environmental science 

and climate topics 

PM4 Because learning about 

environmental science and the 

climate will help me achieve things 

that are important 

PM5 Because I believe understanding 

environmental science and climate 

topics will help me in some way 
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Motivation for 

Science 

Engagement 

In general, 

why do you 

engage in 

environmental 

science and 

climate 

activities? 

PM6 Because I am required to do 

environmental science and climate 

activities 

PM7 Because people I look up to think 

that it is good to engage in 

environmental science and climate 

activities 

PM8 Because doing environmental 

science and climate activities  will 

help me achieve things that are 

important 

PM9 Because I enjoy doing 

environmental science and climate 

activities 

PM10 Because I believe that doing 

environmental science and climate 

activities will help me in some way 

Motivation for 

Environmental 

Action 

Think about 

some of the 

things you do 

to protect the 

environment 

or help solve 

environmental 

problems. 

Why do you 

do these 

things? 

PM11 Because I think it’s a good idea to 

do something for the environment 

and to address climate change 

PM12 Because other people will be 

disappointed in me if I don’t 

PM13 Because I’m concerned about what 

could happen to people I care about 

PM14 Because I would feel guilty if I did 

nothing for the environment and to 

address climate change 

PM15 Because I enjoy doing it 

PM16 Because I’m concerned about what 

could happen to me if I don’t do it 

PM17 Because people I look up to think 

it’s a really good thing to do 

PM18 Because I think it’s a good idea to 

protect the environment and to 

address climate change 

PM19 Because it’s fun to do it 

PM20 Because I’m concerned about what 

could happen to the environment if 

I do nothing 

Self-Efficacy 

for Learning 

Science 

These 

statements are 

about how you 

feel about 

learning and 

PS1 I think I’m pretty good at 

understanding the issues of 

environmental science and climate 

change 

PS2 Compared to other people my age, I 

think I can quickly understand new 
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understanding 

science topics 

topics about environmental science 

and climate change 

PS3 It takes me a long time to 

understand new topics about 

environmental science and climate 

change 

PS4 I feel confident in my ability to 

explain environmental science and 

climate change topics to others 

Self-Efficacy 

for Doing 

Science 

These 

statements are 

about how you 

feel about 

doing 

scientific 

activities 

PS5 I think I’m pretty good at following 

instructions on how to take samples 

of water and soil 

PS6 I think I’m pretty good at following 

instructions on how to conserve 

water 

PS7 I think I’m pretty good at following 

instructions on how to save energy 

PS8 I think I’m pretty good at following 

instructions on how to reduce the 

heat island effect 

PS9 It takes me a long time to 

understand how to take samples of 

water and soil 

PS10 It takes me a long time to 

understand how to conserve water 

PS11 It takes me a long time to 

understand how to conserve energy 

PS12 It takes me a long time to 

understand how to reduce the heat 

island effect 

PS13 I feel confident about my ability to 

explain how to take samples of 

water and soil to others 

PS14 I feel confident about my ability to 

explain how to conserve water to 

others 

PS15 I feel confident about my ability to 

explain how to conserve energy to 

others 

PS16 I feel confident about my ability to 

explain how to reduce the heat 

island effect to others 

Self-Efficacy 

for 

Influence/ 

Efficacy 

PS17 Compared to other people, I think I 

can make a positive impact on the 

quality of water and soil 
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Environmental 

Action 

PS18 Compared to other people, I think I 

can make a positive impact on the 

reduction of the heat island effect 

PS19 Compared to other people, I think I 

can make a positive impact on the 

conservation of energy 

PS20 Compared to other people, I think I 

can make a positive impact on the 

conservation of water 

PS21 I believe that I can work with others 

and help to solve the problems of 

water and soil quality 

PS22 I believe that I can work with others 

and help to solve the effect of the 

urban heat island 

PS23 I believe that I can work with others 

and help to solve the challenges of 

water conservation 

PS24 I believe that I can work with others 

and help to solve the challenges of 

energy conservation 

PS25 It is difficult for me to imagine 

myself helping to protect water and 

soil quality 

PS26 It is difficult for me to imagine 

myself helping to reduce the effect 

of the urban heat island 

PS27 It is difficult for me to imagine 

myself helping to conserve water 

PS28 It is difficult for me to imagine 

myself helping to conserve energy 

 

 Each pre- and post-survey for the promotoras also contained two images of a house. One 

was a semi-detailed image of the outside of a house and the other was a layout of the inside of a 

house, with all rooms labeled. With these drawings, the promotoras were asked to draw or write 

what they could do outside and inside the house to reduce the impact of climate change.  

 The pre- and post-surveys for the home visit participants were similar to those of the 

promotoras, but less expansive and significantly shorter in length. There were twelve Likert-
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Scale statements that fell into two categories, Self-Efficacy for Learning Science, and Self-

Efficacy for Environmental Action (see Table A-4). The pre-survey also had three open-ended 

questions, asking if the participants were currently participating in any environmental science, 

energy, or water programs and where they get their produce. The post-surveys for the home 

visits were identical to the pre-surveys, with the exception of four new Likert-Scale questions 

evaluating the usefulness of the home visit and information packets, the duration of the home 

visits, and what the best media is for them to learn about climate change and the environment. 

The post-survey was given at the end of the final home visit, which took place three months after 

the initial visit. 

Table A-4: List of Quantitative Questions in Home Visit Pre- and Post-Surveys 

Section Statement Number Full Statement 

Self-Efficacy for Learning 

Science 

HS1 I think I’m pretty good at 

understanding topics of 

environmental science and 

climate change 

HS2 Compared to other people my 

age, I think I can quickly 

understand new topics about 

environmental science and 

climate change 

HS3 It takes me a long time to 

understand new topics about 

environmental science and 

climate change 

HS4 I feel confident in my ability 

to help with the urban heat 

island effect 

HS5 I feel confident in my ability 

to conserve energy 

HS6 I feel confident in my ability 

to conserve water 

Self-Efficacy for 

Environmental Action 

HS7 With my actions, I think I can 

contribute to finding solutions 

to the problems of energy 

conservation 
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HS8 With my actions, I think I can 

contribute to finding solutions 

to the problems of water 

conservation 

HS9 With my actions, I think I can 

contribute to finding solutions 

to the problems fo the urban 

heat island effect 

HS10 I think I can work with others 

and help solve the urban heat 

island effect 

HS11 I think I can work with others 

and help solve the challenges 

of water conservation 

HS12 I think I can work with others 

and help solve the challenges 

of energy conservation 

 

 Similarly to the promotora survey, in both the pre- and post-surveys drawings of the 

outside and the inside of a house was given. Both the drawing of the outside and the layout of the 

inside of the house were the same as in the promotora survey, consisting of the same 

characteristics. However, instead of asking the participants to draw or write activities to mitigate 

climate change, both images asked the participants to draw or write activities that could be done 

to protect the environment and conserve water and energy. This was the same in both the pre- 

and the post-surveys.  

Analysis: 

 All promotora and home visit data were de-identified, numbered, and logged in Microsoft 

Excel (Microsoft Corporation, Redmond Washington 2013), and then exported to IBM SPSS 

(Statistical Package for the Social Sciences) Statistics 24 (IBM Corporation, Armonk New York 

2016) for analysis. 

 For the demographic data in the promotora surveys, all nominal data was coded 

beginning with zero. Ordinal data, like date of birth and number of people in the household, was 
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entered as is. Using SPSS, the average and standard deviation was calculated for each Likert-

Scale question as well as the difference between the pre- and the post-surveys responses for both 

the promotoras and home visits. The significance was then tested for using the Wilcoxon Signed-

Rank test (p = .05), as the differences between the two surveys was not normally distributed as 

determined by the Shapiro-Wilk test of Normality. Significant changes are denoted with 

asterisks, and graph error bars are one standard deviation. To determine the effect of outside 

variables on project success, demographic variables such as age, education levels, and 

experience (if this was the promotoras first time as a community health worker) were correlated 

to efficacy using a Pearson Product-Moment Correlation. 

When analyzing the images (inside and outside of house) for pre- and post-surveys, 

written and drawn items were counted and cataloged. If two phrases were provided and meant 

the same thing, they were logged separately. Drawn items were logged as they appeared. Though 

most drawings were clear, there were a few needed to be inferred (e.g. bubble shapes on the 

ground inferred to be bushes). In these cases, each inferred item was tagged as such. There were 

only 16 inferred incidences out of the 19 promotoras who completed both the pre- and post-

surveys and the 32 home visit participants who completed both surveys. Any writing that was 

next to a drawing that described what it meant was categorized as one entry. In these cases, the 

writing was not a new item, but simply a label. When a drawing or any written material could not 

be deciphered, it was not entered or used in the analysis. For the inside of the house, most 

participants did not write items and activities in each room, they simply wrote on top or on the 

side of the house schematic. In that case, items were logged by room only if they referred to a 

specific room. For example, if a participant wrote in Spanish “take short showers”, it would be 

logged in the bathroom. If an item could go under many different rooms, or referred to the house 
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as whole, there was an additional category called “Non-Specific” that items could be listed 

under, such as “conserve water”, “add insulation”, or “change lightbulbs”.  

To analyze changes between the pre-and post-images, all drawn and written information 

were coded by the topics (henceforth categories) covered in the training (see section 1). These 

categories included water conservation, energy conservation, plants, health, and other. For 

example, activities that fell under the category water conservation could be “take short showers” 

or “rainwater harvesting”.  The numbers of items listed by category were counted and compared 

to each other and between the pre- and post-surveys. 

 

Results 
 

The promotoras 

Demographics: 

 Nineteen promotoras completed the pre- and post-surveys. All were of Latino/Hispanic 

background, and all were women. Tables A-5 and A-6 show education levels and ages of the 

promotoras. 

Table A-5: Promotora Education Levels and Birth Years 

Education Level Percentage of promotoras 

(number) 

Secondary/Prep School 22.2% (N=4) 

Some University 11.1% (N=2) 

Technical/Trade School 38.9% (N=7) 

University 22.2% (N=4) 
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Post-Graduate 5.56% (N=1) 

Declined to Answer 5.56% (N=1) 

 

Table A-6: Promotora Age Groups 

Birth Year Percentage of promotoras 

(number) 

1950-1960 15.9% (N=3) 

1961-1970 25.6% (N=5) 

1971-1980 53% (N=10) 

1981-1990 5.3% (N=1) 

  

Motivations: 

There were no significant changes between the pre- and post-survey data regarding 

motivation for science learning, science engagement, or environmental action. However, when 

comparing internal versus external motivations, promotoras are primarily motivated by internal 

factors rather than external. The average Likert Scale score for internal motivations was 4.56 in 

the pre-survey, while the score for external motivations in the pre-survey was 3.44, more than a 

full point lower (Figures A-1 and A-2). 

Figure A-1: Promotora Internal Motivations  
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Figure A-2: Promotora External Motivations 

 

Efficacy: 

Significant changes (p<0.05, denoted with an asterisk) were observed in response to 

statements related to self-efficacy for learning science (Figure A-3). There were significant 

increases in the promotora’s confidence that they could understand the issues of environmental 
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science and climate change and that they could understand these topics quicker than other people 

their age.  

Figure A-3: Promotora Self-Efficacy for Learning Science 

 

In the category of self-efficacy for doing science, nine of the twelve statements changed 

significantly after the training (Figure A-4). There was a significant increase in self-confidence 

for: 1) following instructions on sampling water and soil, 2) conserving water, and 3) reducing 

the heat island effect and a significant increase as well as the promotora’s confidence to explain 

to others how to conserve water, conserve energy, and reduce the heat island effect. Significant 

changes were not observed in the category of saving energy. Lastly, the promotoras also saw 

themselves as needing less time to understand how to take samples of water and soil, conserve 

energy, conserve water, and reduce the heat island effect.  

Figure A-4: Promotora Self-Efficacy for Doing Science 
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For the category of self-efficacy for environmental action (Figure A-5), a significant 

change was observed when promotoras were asked whether they believe that compared to others, 

they could make a positive impact on the quality of water and soil, energy and water 

conservation, and reducing the heat island effect. There was also a significant change observed in 

the promotora’s confidence that to could work with others to help reduce the urban heat island 

effect, as well as a significant increase in their belief in working with others to help solve the 

challenges related to energy conservation. Finally, there was a significant decrease in agreement 

that it would be difficult for the promotoras to imagine themselves helping to protect water and 

soil quality, to reduce the urban heat island effect, and to conserve water and energy, meaning 

after the training, they saw these actions as less difficult and attainable.  

Figure A-5: Promotora Self-Efficacy for Environmental Action 
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Correlations: 

 When examining links between age and efficacy, educational levels and efficacy, and 

prior experience as a promotora and efficacy, there were no significant (p<0.05) correlations 

observed. Thus, there was no effect from the demographic factors on the results.  

Drawings: 

 In the outside house drawings and writings, plants was the category that most often had 

activities stated in the pre-survey (n = 28), while energy conservation had the most activities in 

the post-survey (n = 26).  In overall activities stated, energy conservation and health increased 

from the pre- to post-surveys while plants and water conservation decreased.  

Figure A-6: Promotora Outside House Categories 
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 For the inside house drawings and writings, energy conservation had the most activities 

listed in the pre-survey (n = 33). The categories of health and other had the fewest number of 

activities listed, with two each, and water conservation fell in the middle (n = 14). In the post-

survey, energy conservation activities were once again stated the most (n = 72), followed by 

water conservation (n = 37). The category of other only had one activity listed.  

Figure A-7: Promotora Inside House Categories 
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The Home Visit Participants 

 Efficacy: 

 Two of six questions in the self-efficacy for learning science category had significant 

changes (Figure A-8). There was a significant decrease in agreement that it would take a long 

time for the participant to understand new topics about climate change, and a significant increase 

in self-confidence in the participant’s ability to conserve water. In the category of self-efficacy 

for environmental action, three of the six questions had significant changes (Figure A-9). There 

was an increase in the participant’s belief that they could work with others to help solve the 

urban heat island effect, and challenges associated with water and energy conservation. 

Figure A-8: Home Visit Self-Efficacy for Learning Science 
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Figure A-9: Home Visit Self-Efficacy for Environmental Action 

 

Drawings: 

 For the outside house drawings and writings, the category that was most frequent in the 

pre-survey was plants (n=36) (Figure 10). The category with the fewest activities stated was that 

of health (n = 5). Health-related activities were not listed at all in the post-survey. In the post-

survey, the category with the most activities stated was water conservation (n=40), doubling 
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from the pre-survey. In the post surveys, activities in the health category were not stated at all, 

while plants slightly decreased, and energy conservation increased. 

Figure A-10: Home Visit Outside House Categories 

 

 For the inside house drawings and writings, activities in the category of energy 

conservation were stated more in both the pre- and the post-surveys than the category of water 

conservation (Figure A-11). However, while energy conservation is more frequently stated 

overall, the frequency of water conservation activities stated almost doubled from the pre- to the 

post-surveys.  

Figure A-11: Home Visit Inside House Categories 
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Discussion 
 

This project set out to determine: 1) whether a peer education model using promotoras, a 

traditionally used public health model, could be applied in the field of environmental science and 

2) whether promotoras would be interested in and successful in environmental monitoring. To 

determine whether such a promotora environmental science program could be effective, it is 

imperative to assess outcomes related to promotora’s and participant’s (home visits) knowledge, 

self-efficacy, and motivation.   

 

Motivation: 

Promotoras 

The lack of any significant change in motivation for the promotoras from the pre- to the 

post-surveys is likely to stem from the short duration of the program. The training program that 

took place between the two surveys was only two weeks in duration, and reasons for 
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participation were unlikely to change in such a short span. The difference between external and 

internal motivations in the pre-survey, however, shows that the promotoras have mainly internal 

motivations to learn and engage in environmental activities and protect the environment. This is 

illustrated by the time commitment and level of involvement necessary to become a promotora. 

The training was daily for two-weeks and expansive. Once the promotoras completed the 

training, they were paired up and had set up five one-time home visits to complete on their own 

time. In order to complete the home visit, the promotoras had to explain the topics covered in the 

training (Figure 2) and the information in the packet they gave out. With the level of knowledge 

required and minimum compensation, it would be unlikely that a promotora would be strongly 

influenced by external motivators. In order to engage in a program like this, it is likely that the 

promotoras themselves have a vested interest or desire in climate change and environmental 

sustainability. Jordan et al. 2013, discusses the Galaxy Zoo citizen science project, an online 

project where participants looked at pictures of deep space to help classify galaxies, and 

examines motivations of the participants. An interest in the subject matter was the most 

commonly cited motivation for participation after a desire to contribute. 

Further, Wright et al. 2015 examines participant motivations in the Second Southern 

African Bird Atlas Project, finding them to be value and recreation driven, indicating a prior 

interest. Thus, the promotoras may follow this trend as well, having interest in environmental 

science before participating in the program.  In other citizen science projects, concern for one’s 

health can be a motivating factor. In Ramírez-Andreotta (2015), residents near a contaminated 

site in Arizona were given a needs assessment, and expressed concern over consuming 

vegetables from their gardens and a desire to participate in a citizen science program that would 
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quantify the contamination. In fact, concern for health is not just a strong internal motivator for 

citizen science, but for informal science learning overall (Dickerson et al. 2004).  

Efficacy: 

Promotoras 

 Changes in the promotora’s sense of self-efficacy and confidence were major outcomes 

of participation in the program. The training covered many environmental science and climate 

change topics, took place in culturally –relevant and community-centered location (church), and 

was entirely in Spanish. Instructors were recruited and invited to be part of the training for their 

ability to speak Spanish and cultural competency. The familiarity of the location and the lack of 

a language barrier may have attributed to their increased efficacy regarding environmental 

science and climate change. Jones (1997) states that science learning in informal rather than 

formal settings, like classrooms, is particularly impactful to people of color, often underserved 

individuals, by providing a learning environment that is open and friendly, rather than “rigid” or 

“formal” (Jones, 1997). In this study, like with the promotoras, approaching people in their own 

environment rather than in a new, potentially daunting one can increase the success of the 

program. Non-classroom settings, like museums or science centers, can also increase enjoyment 

of the program, which may influence participant attitudes towards the subject (Hofstein and 

Rosenfeld 2008). 

Increases in self-confidence related to soil and water sampling were likely linked to the 

step-by-step field sampling methodology that was provided during the training. Other programs 

that have a hands-on participant training program have also demonstrated increases in participant 

knowledge and behavioral changes, such as making specific choices when shopping or beginning 

to volunteer their time for organizations relating to the programs (Jordan et al., 2011), which 
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relate to self-confidence. Based on the educational and previous work experience of the 

promotoras, it is unlikely that they had experience with water and soil field sampling prior to the 

training. In addition, it has been demonstrated that hands-on training is a more effective learning 

method than classroom-setting training. For example, field trips (Hofstein and Rosenfeld 2008), 

or a classroom laboratory setting (McCarthy 2005) can often increasing efficacy (Paris 1998). 

The significant increase in self-confidence for following instructions on conserving water most 

likely stems from the sessions regarding water conservation in the training. An entire training 

day (five hours) was dedicated to water harvesting. Promotoras also built a passive water 

harvesting system at someone’s home. However, although there were four-sessions on 

conserving energy, and few on reducing the heat island effect, there was a significant increase in 

self-confidence for following instructions on reducing the heat island effect but no increase in 

self-confidence for following instructions on saving energy. This might be due to prior 

knowledge on how to conserve energy, as their initial Likert Scale score was high (Figure 9). 

The increase in self-confidence in the promotoras ability to explain environmental health and 

quality topics is likely also due to the very involved curriculum and hands-on training, which 

also increased belief that the promotoras, compared to others, could positively impact 

environmental quality. These findings are in agreement with other studies, where promotoras 

have also shown increased confidence in their abilities after participating in hands-on programs 

(Squires and O’Brien 2012).  

Increased efficacy to take action in their communities has also been seen in prior studies 

involving promotoras. Once the promotoras saw behavioral changes in the community after 

resident engagement, they saw that it was due to their actions and felt an increased sense of self-

efficacy (Squires and O’Brien 2012). They also felt more connected and involved with their 
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communities, and experienced higher self-worth (Jorge, 2003). Self-efficacy is closely linked to 

self-confidence, as visualizing oneself being able to create desired outcomes creates and 

incentive to do so (Stajkovic 1979).  

Home Visits 

 For the home visit participants, the decrease in agreement that it would take a long time 

to understand new topics about environmental science and climate change is likely because of 

the familiar learning environment. With a community member as a teacher, speaking Spanish, 

learning in their own homes, the home visit participants can learn in a low-pressure, culturally-

relevant environment, as seen in promotora programs dealing with health and disease prevention 

(Dietrick et al. 2010, Forster-Cox et al. 2007). The increases in agreement that the participants 

can work with others to solve the urban heat island effect and challenges of energy and water 

conservation is likely due to the increase in knowledge from the home visits and the communal 

structure of the program.  

 

Knowledge: 

Promotoras 

For both the promotora’s inside and outside House drawing, the increase in number of 

activities stated in the category of energy conservation is likely due to a full day (five hours) 

discussing energy conservation activities, with those activities also mentioned during the 

sessions on climate change. This, as stated in the previous section, may also have been due to 

prior knowledge on energy conservation, as in the pre-survey the average Likert Scale score for 

self-confidence on following instructions on saving energy was high. Water conservation was 

also high likely due to many training sessions on the subject, including a full day taught by an 
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employee of Tucson Water (city water supplier), and a full day on rainwater harvesting. For the 

outside house drawings, plants was the highest category in the pre-survey likely because of prior 

knowledge of the role of photosynthetic plants in the carbon cycle. 

Home Visits 

For the Home visits, outside house drawings, plants was likely the biggest category in the 

pre-survey due to prior knowledge of plants in the environment. The increase in activities in the 

water conservation category can be explained by the many information sheets, brochures, and 

pamphlets given by the promotoras to the home visit participants regarding rainwater harvesting 

and other water conservation strategies. A total of four out of fifteen handouts provided involved 

water conservation in some way. The health category was peculiar, with no activities stated in 

the post-survey despite information being handed out and training sessions dedicated to vector-

transmitted diseases and the effected of climate change on public health. For the inside of the 

house, the increase in the energy conservation category was likely due to all the information 

given as well, such as the handout on items in the house that use the most energy (¿Cuánto CO2 

Emite una Casa Como la Nuestra por el Consumo de Energía? English: How much CO2 does a 

House like Ours Emit from Consuming Energy?). This large increase was especially prominent 

in the inside house drawings rather than the outside because most of the information focused on 

indoor energy use, such as appliances and lighting.  

 

Limitations 
 

 A limitation of this project is that while the promotoras represent an underrepresented 

demographic group, lower income Latinx women, they may be predisposed to learning science, 

doing science, and scientific action due to their past experiences as a community health worker. 
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In addition, the promotoras who had not yet been a community health worker were 

recommended to use a friend for their first home visit. This may have led to choosing people 

who were predisposed to science, as compared to a random selection of community members.  

Conclusion 
 

 The effects of climate change, including food insecurity, increased spread of vector borne 

diseases, and heat-related mortality will be devastating to all (Pachauri et al., 2014). No 

population is exempt from these catastrophic consequences; however, it is underserved 

communities that will suffer the most (Costello et al., 2009). By 2080, it is estimated that 260-

320 million more people, mainly in lower socioeconomic areas, will be affected by the spread of 

malaria as warmer climates increase mosquito breeding grounds (Costello et al., 2009). Southern 

Arizona may be at particular risk, as even though it is currently not an area with high malaria 

incidence, it is likely to become one by 2050 (Rogers & Randolph, 2000). In addition, those 

living in urban areas will also be affected more than those in non-urban areas due to the urban 

heat island effect (McGeehin and Mirabelli, 2001). With the urban heat island effect, 

temperatures in urban areas can be up to 11°C warmer than in surrounding areas (Patz et al., 

2005), increasing heat-related mortality for residents. This increases food insecurity as 

anthropogenic climate change decreases crop yield by up to 50% in middle latitudes (Wheeler 

and Von Braun, 2013). Measures to address the consequences of climate change must be 

implemented to create more resilient communities. The first step is to educate the communities 

on the coming effects and encourage them to be a part of the solution process.  

This study demonstrates the many outcomes of a promotora training program coupled 

with a citizen science approach. Self-efficacy for environmental action increased across both the 

promotoras and the home visit participants, while the promotoras gained efficacy in doing 
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science, indicating that a citizen science approach can be an effective tool in science literacy. 

These increases in efficacy can be tied to the participants actually being able to see behavioral 

and attitudinal changes in their communities, and this in turn, increasing their confidence in their 

abilities. Both saw increases in knowledge as demonstrated with the inside and outside house 

drawings, especially in regard to energy conservation, and with increases in water conservation. 

Future work could involve studying the lasting effects of the project, including what additional 

steps the two groups have taken in their communities regarding climate change and 

environmental action.  

 This study suggests that the program was successful in training the promotoras, and that 

the promotoras were able to go into their communities and effectively educate others energy and 

water conservation. These changes can be instrumental in creating a more resilient community, 

especially in one so vulnerable to the effects of climate change, as the promotoras and home visit 

participants now know steps they can take to combat climate change. Based on the study 

described here, more attention may need to be given to educate the community on the health 

implications of climate change. Having access to environmental health education like this will 

continue to be prudent for those in the southern metropolitan Tucson area. The targeted area is 

seeking to achieve climate justice and is gaining awareness and self-efficacy to address the 

effects of climate change. These results can be applied to not just Southern Arizona, but all 

across the globe where underrepresented populations will most feel the brutal consequences of 

climate change.  
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Introduction 
 

 Twenty-five percent of Americans live near a hazardous waste site (U.S. Government 

Accountability Office 2013). Every year, there is an average of 1,100 sites on the Environmental 

Protection Agency’s (EPA) National Priorities List under the Superfund program slated for 

cleanup (Gomez, 2015), and 450,000 brownfields, properties which may contain hazardous 

contaminants (https://www.epa.gov/brownfields/brownfield-overview-and-definition). In 

Arizona alone, there are eighteen Superfund sites and eleven brownfield sites (Cleanup Sites in 

Arizona, 2017). Throughout the cleanup process for these sites, there is little two-way dialogue 

between site managers and the residents in the area. Any communication typically flows from 

the managers to the community (Cox and Pezzullo, 2016). This communication is meant to 

inform decisions and soothe a worried public, but has not had much success. Often, lifestyle 

changes and suggestions made by managers may not be applicable to the public, and the public 

may also want a more personalized approach (Chess C, Purchell K. Public participation and the 

environment. Do we know what works? Environ Sci Technol. 1999;30(16):2685–92). They want 

to know what their specific risk is, not what the average risk over the whole area is. What do 

they properties look like? What are steps they can take to reduce their risk that are actually 

attainable and affordable? And perhaps most importantly, how do they get exposed to pollutants? 

The most common routes of exposure to contaminants are inhalation, ingestion, and dermal 

absorption (Sexton et al., 1992). When contamination is in the soil and water, the ingestion route 

is particularly important to examine, especially when food is grown with potentially 

contaminated media.  

Gardening is a popular hobby in the United States. It can serve as a fun experience, a 

source of nutritious food, and a way to build community relations. However, it can also serve as 
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a route of exposure to contamination (Brand et al., 2007). The risk of adverse effects depends on 

the level of contamination in the soil and water, the uptake of the fruit or vegetable, and how 

much is consumed. Gardeners can understand their exposure and make informed decisions if 

given access to information and are guided through that information and allowed to ask questions 

(Ramirez-Andreotta et al., 2016b). This model of risk communication is more successful than the 

typical, one-directional approach, as members of a potentially exposed population get to assess 

risk themselves instead of simply being assured that they are safe (Cox and Pezzullo, 2016).  

Theoretical Framework 

It has become increasingly clear that community members living near contamination are 

intrinsically motivated and can contribute to site investigations. To further engage community 

members at contaminated sites, they can be involved in the process itself of assessing 

contamination. Public participation in scientific research (PPSR) is used to engage the public in 

the steps of the scientific process at varying levels to enhance outcomes of scientific research 

(Shirk et al., 2012). These outcomes can include increases in knowledge and efficacy in the 

community on the topic being studied. PPSR is a researcher-community partnership and falls 

under one of five levels of participation. The study being presented in this paper is a co-created 

PPSR study, meaning that the project itself was designed by both the public and researchers, and 

that the public was involved in multiple steps of the research process itself (Shirk et al., 2012). 

Those who participate in PPSR projects benefit in multiple ways from engaging in the program. 

There can be increased knowledge and curiosity on the subject (Ramírez-Andreotta et al., 2015, 

Stepenuck and Green, 2015), a sense of contribution and community (Jordan et al., 2011), and 

increased opportunities for information in the field (Dickinson et al., 2012). These outcomes lead 



79 

 

to changes in behavior and increases in self-efficacy (Jordan et al., 2011), which is defined here 

as the sense of having control over one’s life (Janz et al., 2007).  

To report the data back to the participants, a community-first method of reporting results 

was used. This method involves reporting the results promptly, reporting them directly to 

residents who are able to have their questions answered, facilitating best responses, and avoiding 

extra concern all while remaining credible (Emmett and Desai, 2011). This method of data 

sharing has led to more trust of researchers and informed behavioral changes in and by the 

communities involved (Emmett and Desai).  

The goal of Gardenroots: A Citizen Science Project (referred to as Gardenroots) is to 

evaluate environmental quality and routes of contamination near active and legacy resource 

extraction sites. In addition, another goal is to report the results to communities in order to 

inform best practices and increase capability for environmental action and decision-making. The 

objective of this study is to evaluate the programmatic, individual, and social-ecological 

outcomes of the Gardenroots program. Using a PPSR framework, we evaluate: 1) individual 

knowledge and efficacy as a result of the nearly two-year long citizen science project, 2) 

participant’s motivation to participate in the Gardenroots risk communication project, and 3) 

whether a cultural model of environmental and risk communication was effective in data sharing 

efforts. We hypothesized that this two-way dialogue and co-created project would be able to give 

community members the knowledge to make personalized decision about their risk and exposure 

levels in their gardens.  

 

Materials and Methods 
 

Site Descriptions and Study Population: 
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 Gardenroots participants were located in the following counties in Arizona; Cochise 

(population = 126,427), Apache (population = 71,474), and Greenlee (population = 9,529) (US 

Census Bureau, 2015). The populations of the counties are mostly rural and are in the higher 

percentiles of elderly, minority, low-education, and low-income populations compared both to 

the rest of the state and to the United States (United States Environmental Protection Agency EJ 

Screen Tool, 2015).  

Training, Sample Collection, and Report Back: 

 In January 2015, a needs assessment was conducted with gardeners across Arizona, and 

community members revealed that they were concerned about their soil, water, and plant quality 

(see Table B-1). In June of 2015, over 90 community members were trained in sample collection 

protocols. 267 plant samples, 174 water samples, and 125 soil samples were collected and 

delivered for analysis. The participants worked with researchers to determine what inorganic 

elements they suspected was in their soil based upon current and past land uses near or 

neighboring their gardens.   

Once all the samples had been analyzed and the data visualizations were prepared, a 

series of community gathering and data sharing events, also called report backs, were held was 

held. The data sharing meeting in Greenlee county took place in Morenci, Arizona, while the 

meeting in Apache county took place in St. Johns, Arizona. For Cochise county, 3 meetings were 

held across the county, as there were more participants spread over a larger area. Each meeting 

had the same agenda. First, each participant was given a personal report-back pamphlet with 

their individual results. They were given time to read through the packet on their own, and then a 

presentation went over the county’s results and informed the attendees on how to make informed 

risk decisions using their results.  
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Table B-1: Results of Needs Assessment 

Question 

Response Response Count 

None - red n = 5 

Invasive Plants - green n = 4 

Herbicide Use – blue n = 2 

Pesticide Use – yellow n = 4 

Contamination – orange n = 3 

Air, Water, Soil Quality and Conservation - 

purple 

n = 7 

Species preservation - maroon n = 3 

Other N = 6 

 

Surveys, Focus Groups, and Interviews: 

 A pre- and post-survey was designed to evaluate motivations and possible changes in 

efficacy of the participants. The pre-survey was given prior to the training, while the post-survey 

was given after the data sharing presentation. The surveys consisted of demographic data and 

open and closed ended questions. The closed-ended questions asked about motivation for science 

learning, motivation for science engagement, motivation for environmental action, self-efficacy 

for learning science, self-efficacy for doing science, and self-efficacy for environmental action 

and had statements that the participants agreed or disagreed with. The statements were Likert 

Scale style, where an answer of 1 meant strongly disagree, an answer of 2 meant disagree, an 
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answer of 3 meant neutral, an answer of 4 meant agree, and an answer of 4 meant strongly agree. 

Table B-2 lists the questions in the pre- and post-surveys.  

Table B-2: Questions in Gardenroots Pre- and Post-Surveys 

Theme Question Statement 

Number 

Full Statement 

Motivation for 

Science 

Learning 

In general, why do 

you choose to 

learn and 

understand 

environmental 

quality?  

M1 Because I like learning about 

environmental quality topics 

M2 For the recognition or respect I’ll get 

from others 

M3 Because I am required to understand 

environmental quality topics 

M4 Because people I look up to think it’s 

good to learn about environmental 

quality topics 

M5 Because I understanding environmental 

quality will help me achieve things that 

are important to me 

M6 Because it’s fun to learn about 

environmental quality topics 

M7 Because I want others to think I’m good 

at understanding environmental quality 

topics 

M8 Because I believe that understanding 

environmental quality topics will help 

me in some way 

Motivation for 

Science 

Engagement 

In general, why do 

you engage in 

environmental 

monitoring 

activities? 

M9 Because environmental monitoring 

activities are fun to do 

M10 For the recognition or respect I’ll get 

from others 

M11 Because I am required to do 

environmental monitoring activities 

M12 Because people I look up to think it’s 

good to engage in environmental 

monitoring activities 

M13 Because doing environmental 

monitoring activities will help me 

achieve things that are important to me 

M14 Because I enjoy doing environmental 

monitoring activities 

M15 Because I want others to think I’m good 

at doing environmental monitoring 

activities 



83 

 

M16 Because I believe that doing 

environmental monitoring activities will 

help me in some way 

Motivation for 

Environmental 

Action  

Think of some of 

the things you do 

to protect 

environmental 

quality (water, 

soil, plant, air 

quality) or help 

solve 

environmental 

quality problems. 

Why do you do 

these things? 

M17 Because I think it’s a good idea to do 

something for environmental quality 

M18 Because other people will be 

disappointed in me if I don’t 

M19 Because I’m concerned about what 

could happen to people I care about  

M20 Because I would feel guilty if I didn’t do 

anything for environmental quality 

M21 Because I enjoy doing it 

M22 Because I’m concerned about what 

could happen to me if I don’t  

M23 For the pleasure I experience while 

doing it 

M24 Because people I look up to think it’s a 

really good thing to do 

M25 Because I think it’s a good idea to 

protect environmental quality 

M26 Because it’s fun to do it 

M27 For the recognition I get from others 

M28 Because I think it’s important to take 

care of environmental quality 

M29 Because I’m concerned about what 

could happen to environmental quality if 

I don’t do anything 

M30 Because I want people to see me as a 

good person 

Self-Efficacy 

for Learning 

Science 

These statements 

are about how you 

feel about learning 

and understanding 

science topics 

S1 I think I’m pretty good at understanding 

topics about environmental quality 

S2 Compared to other people my age, I 

think I can quickly understand new 

topics about environmental quality 

S3 It takes me a long time to understand 

new topics about environmental quality 

S4 I feel confident in my ability to explain 

environmental quality to others 

These statements 

are about how you 

feel about doing 

scientific activities 

S5 I think I’m pretty good at following 

instructions for monitoring water quality 

S6 I think I’m pretty good at following 

instructions for monitoring soil and 

plant quality 

S7 I think I’m pretty good at following 

instructions on for monitoring plant 

quality 
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S8 It takes me a long time to understand 

how to monitor water quality 

S9 It takes me a long time to understand 

how to monitor soil quality 

S10 It takes me a long time to understand 

how to monitor plant quality 

S11 I feel confident about my ability to 

explain how to monitor water quality to 

others 

S12 I feel confident about my ability to 

explain how to monitor soil quality to 

others 

S13 I feel confident about my ability to 

explain how to monitor plant quality to 

others 

Self-Efficacy 

for 

Environmental 

Action 

Influence/Efficacy S14 I feel confident in my ability to help 

protect my water source 

S15 I feel confident in my ability to help 

protect my soil 

S16 I feel confident in my ability to help 

protect my air 

S17 I am capable of making a positive 

impact on water quality 

S18 I am capable of making a positive 

impact on soil quality 

S19 I am capable of making a positive 

impact on air quality 

S20 I am able to help take care of water 

quality 

S21 I am able to help take care of soil 

quality 

S22 I am able to help take care of air quality 

S23 I believe I can contribute to solutions to 

water quality problems by my actions 

S24 I believe I can contribute to solutions to 

soil quality problems by my actions 

S25 I believe I can contribute to solutions to 

air quality problems by my actions 

S26 Compared to other people, I think I can 

make a positive impact on water quality 

S27 Compared to other people, I think I can 

make a positive impact on soil quality 

S28 Compared to other people, I think I can 

make a positive impact on air quality 

S29 I don’t think I can make any difference 

in solving water quality problems 
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 Focus groups were held with the attendees of the data sharing events after the post-

surveys were completed. The groups were anywhere from 2-5 people. Questions were asked to 

further probe into changes in efficacy and reasons for participating as well as an evaluation of the 

program and evaluation of the report-back materials. Each participant was encouraged to 

respond, and it was emphasized that there were no wrong answers. Table B-3 details the 

questions asked in the focus groups.  

Table B-3: Questions in Focus Groups 

Topic Question 

Motivation What were you reasons for participating in 

Gardenroots? Desire to learn, desire to 

contribute, concern for health, other? 

Did you feel like you could see how you were 

contributing to the study? 

Efficacy Do you feel like you are more, less, or equally 

likely to be involved in environmental action 

in your community as a result of 

Gardenroots? 

Do you feel like you are capable of creating 

change in your community? If so, did you feel 

like this before participating in Gardenroots? 

S30 I don’ t think I can make any difference 

in solving soil quality problems 

S31 I don’t think I can make any difference 

in solving air quality problems 

S32 I believe that I personally, working with 

others, can help solve water issues 

S33 I believe that I personally, working with 

others, can help solve soil issues 

S34 I believe that I personally, working with 

others, can help solve air issues 

S35 It’s hard for me to imagine myself 

helping to protect water quality 

S36 It’s hard for me to imagine myself 

helping to protect soil quality 

S37 It’s hard for me to imagine myself 

helping to protect air quality 



86 

 

Would you do another citizen science project? 

Why or why not? 

 

 A few months later, in March and early April, one-on-one semi-structured interviews 

were held over the phone. Twenty percent of participants from each county were included in 

these interviews. Half of the interviews were done with people who had attended the data sharing 

events, while half was done on people who did not. The interviews delved into knowledge 

changes of the participants as well as expectations of the project. Table B-4 lists the questions 

asked in the interviews. Table B-5 details the number of participants in each county who were 

trained, completed the pre- and post-surveys, attended the data sharing events, completed the 

focus group, and interviewed.  

Table B-4: Questions in Interviews 

Topic Question 

Knowledge In your opinion, what is environmental 

monitoring? Do you feel like you understand 

environmental monitoring and quality better 

as a result of Gardenroots? 

After Gardenroots, did you feel like you 

learned about contaminants in your 

environment? 

On a scale of one to five, how helpful was 

Gardenroots media (pamphlets, flyers) in 

helping you learn, with one being useless and 

five being very helpful? 

Now that you have your results, do you see 

your surrounding environment differently? 

Motivation Did you feel like you could see how you were 

contributing to the study? 

Do you feel like your expectations for this 

project were met? 

What did you anticipate you would get out of 

this experience? What did you get out of this 

experience? 

What motivates you to be involved in 

environmental action? This could be personal 

goals, or caused by an event or moment. 



87 

 

Efficacy Would you do another citizen science project? 

Why or why not?  

Do you have anything in your daily routine 

that is related to environmental action, 

protection, or stewardship? 

Other If you were to describe the Gardenroots 

program to your friends or family, how would 

you describe it? 

 

Table B-5: Numbers of Participants 

County Total  Pre-Survey 

Completed 

Post-Survey 

Completed 

Attended 

Data-

Sharing 

Events 

Focus 

Groups 

Interviews 

Apache n = 8  n = 3 n = 2 n = 2 n = 2 n = 1 

Cochise n = 35 n = 26 n = 12 n = 12 n = 8 n = 4 

Greenlee n = 21 n = 20 n = 2 n = 3 n = 2 n = 2 

 

Analysis: 

 All surveys were de-identified, numbered, and logged in Microsoft Excel (Microsoft 

Corporation, Redmond Washington 2013). To analyze the data, IBM SPSS (Statistical Package 

for the Social Sciences) Statistics 24 (IBM Corporation, Armonk New York 2016) was used. 

Average and standard deviations were calculated for each Likert-Scale question in SPSS. 

Significance testing was done using the Wilcoxon Signed-Rank test (p = .05). Significant 

changes are denoted with an asterisk, and graph error bars are one standard deviation. As there 

were fewer post-surveys completed than pre-surveys, the only surveys that were analyzed were 

those from individuals who had completed both the pre-survey and the post-survey.  

 To analyze the focus groups and interviews, all sessions were recorded and transcribed 

using VerbalInk (VerbalInk, Los Angeles CA 2017). The transcriptions were imported into 

NVivo (QSR International, Melbourne Australia 2016), where responses for each question were 

coded into categories so that the most frequent responses could be examined. 
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Results 
 

Surveys 

Motivations: 

 Three out of the thirty questions under the category of motivations had significant (p < 

0.05, denoted with an asterisk) increases from the pre-survey to the post-survey. However, it can 

be seen that the participants were largely internally motivated rather than externally motivated. 

In the pre- and post-surveys, the average internal motivation scores were 4.11 and 4.31, 

respectively, while the external motivation scores were 2.52 and 2.34. 

Figure B-1: Gardenroots Internal Motivations 

 

 

Figure B-2: Gardenroots External Motivations 
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Efficacy: 

 There were no significant changes in efficacy observed from the pre- to the post-surveys 

in any of the self-efficacy categories.  

Figure B-3: Gardenroots Self-Efficacy for Learning Science 

 

 

Figure B-4: Gardenroots Self-Efficacy for Doing Science 
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Figure B-5: Gardenroots Self-Efficacy for Environmental Action 

 

 

Focus Groups 

Motivations  

 Reasons for participation in the Gardenroots program primarily fell under concern for 

health (n = 9), with education or learning and evaluating and growing food having an equal 
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number of responses (n = 4). When asked about whether they could see how they were 

contributing to the study, all responses (n = 10) agreed that they did.  

Efficacy 

 When asked if the participants were more, less, or equally likely to be involved in 

environmental action as a result of participation in Gardenroots, all responses were that they 

were more likely to be involved (n = 9). In addition, all respondents said that they felt capable of 

creating change in their communities. When asked if they would do another citizen science 

project, ten out of eleven respondents said that they would.  

Table B-6: Focus Group Responses 

Question Response 

What were your reasons for participating in 

Gardenroots? 

Concern for health (n = 9) 

Education or learning (n = 4) 

Evaluating or growing food (n = 4) 

Did you feel like you could see how you were 

contributing to the study? 

No (n = 0) 

Yes (n = 10) 

Do you feel like you are more, less, or equally 

likely to be Involved in environmental action in 

your community as a result of Gardenroots? 

Less (n = 0) 

Equally (n = 0) 

More (n = 9) 

Do you feel like you are capable of creating 

change in your community?  

No (n = 0) 

Yes (n = 13) 

Would you do another citizen science project? 

Why or why not? 

No (n = 0) 

Not presently (n = 1) 

Yes (n = 10) 

 

Interviews 

Knowledge 

 For those who attended the report back meetings, the primary definition of environmental 

monitoring was observing the environment, followed by checking the safety of the environment 

of use. For those who did not attend, observing the environment was also the primary definition. 

Those who attended also felt more like they understood environmental monitoring and quality 

better as a result of Gardenroots, and that they learned about contaminants in the environment.  
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Motivations 

 Participants anticipated getting information on their soil, water, and plant conditions as a 

result of participation in this project, as well as best gardening practices. Those who attended the 

report backs listed results for those as what they primarily received from participation, while 

those who did not listed results as well as general information as what they received. Further, 

those who attended the report backs felt like their expectations were met, while those who did 

not attend the report back did not. When asked what motivates them to be involved in 

environmental action, those who attended the report backs listed environmental preservation as 

their primary reason, while those who did not listed environmental preservation, care for food 

and its importance, and experience living in a rural or agricultural setting as their reasons.  

Efficacy 

 In both those who attended the report back meetings and those who didn’t, most 

respondents said that they would participate in another citizen science project. In addition, when 

asked if they have anything in their daily routine related to environmental action, protection, or 

stewardship, the most frequent response across both groups was agriculture and gardening.  

Table B-7: Interview Questions and Responses for Report Back Attendees 

Question Response  

What is environmental monitoring? Observing the environment (n = 4) 

Checking safety of environment for use (n = 

2) 

Environment is everything (n = 1) 

Did you feel like you understand 

environmental monitoring and quality better 

as a result of Gardenroots? 

Yes (n = 4) 

No (n = 1) 

It was a new topic (n = 1) 

I had prior knowledge (n = 1) 

After Gardenroots, did you feel like you 

learned about contaminants in the 

environment? 

Yes (n = 4) 

No (n = 2) 

Did you feel like you could see how you were 

contributing to the study? 

No (n = 0) 

Yes (n = 7) 
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Now that you have your results, do you see 

your surrounding environment differently? 

No (n = 3) 

Yes (n = 4) 

Do you feel like your expectations were met? Yes (n = 5) 

No (n = 1) 

None (n = 1) 

What did you anticipate you would get out of 

this experience? 

Soil condition (n = 5) 

Plant condition (n = 3) 

Water condition (n = 4) 

Best practices (n = 1) 

General information (n = 1) 

What did you get out of this experience? Results for soil, water, plant condition (n = 5) 

Feeling of contribution (n = 1) 

Pollution source information (n = 1) 

What motivates you to be involved in 

environmental action? This could be personal 

goals, or caused by an event or moment. 

Being asked to (n = 1) 

Concern for future generations (n = 1) 

Environmental preservation (n = 4) 

Not able (n = 1) 

Would you do another citizen science project? Not able (n = 1) 

Yes (n = 6) 

Do you have anything in your daily routine 

that is related to environmental action, 

protection, or stewardship? 

Agriculture/gardening (n = 4) 

Minimizing environmental impact (n = 1) 

Recycling (n = 2) 

Running environmental programs (n = 1) 

Water conservation (n = 2) 

None (n = 1) 

If you were to describe the Gardenroots 

program to your friends or family, how would 

you describe it? 

Citizen participation (n = 3) 

Learning what is in soil/water/plants (n = 4) 

Personalized Results (n = 2) 

 

Table B-8: Interview Questions and Responses for Report Back NON-Attendees 

Question Response  

What is environmental monitoring?  Observing the environment (n = 4) 

Checking safety of environment for use (n = 

1) 

Monitoring natural elements (n = 1) 

Baseline measurements plus other factors (n = 

1) 

Did you feel like you understand 

environmental monitoring and quality better 

as a result of Gardenroots?  

Yes (n = 4) 

No (n = 3) 

 

After Gardenroots, did you feel like you 

learned about contaminants in the 

environment? 

Yes (n = 3) 

No (n = 3) 

Did you feel like you could see how you were 

contributing to the study? 

No (n = 0) 

Yes (n = 7) 
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Now that you have your results, do you see 

your surrounding environment differently?  

No (n = 3) 

Yes (n = 2) 

Not applicable (n = 2) 

Do you feel like your expectations were met? Yes (n = 3) 

No (n = 4) 

None (n = 1) 

What did you anticipate you would get out of 

this experience?  

Soil condition (n = 3) 

Water condition (n = 2) 

Best practices (n = 2) 

General information (n = 2) 

Contribute to project (n = 1) 

Not applicable (n = 1) 

What did you get out of this experience? Results for soil, water, plant condition (n = 3) 

Sense of community (n = 1) 

General Information (n = 3) 

What motivates you to be involved in 

environmental action? This could be personal 

goals, or caused by an event or moment. 

Care for food and its importance (n = 2) 

Creating a better environment now (n = 1) 

Environmental preservation (n = 2) 

Respecting nature (n = 1) 

Rural experience (n = 2) 

Would you do another citizen science project? No (n = 1) 

Yes (n = 6) 

Do you have anything in your daily routine 

that is related to environmental action, 

protection, or stewardship? 

Agriculture/Gardening (n = 4) 

Running Environmental Programs (n = 2) 

Water Conservation (n = 1) 

None (n = 1) 

If you were to describe the Gardenroots 

program to your friends or family, how would 

you describe it? 

Citizen participation (n = 4) 

Educating yourself (n = 1) 

Government monitoring pollution (n = 1) 

Learning best practices (n = 2) 

Learning what is in soil/water/plants (n = 2) 

Positive experience (n = 1) 

University program (n = 1) 

 

Discussion 
 

Motivation 

 There were few significant changes in motivation from the pre- to the post-surveys. One 

change, however, was an increase in agreement that environmental monitoring activities are fun. 

This may be because initially the participants may not have thought that collecting soil, water, 
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and plant samples could have been fun, but then enjoyed the process and reflected this in their 

results.  

 In the focus groups and interviews, the primary motivation for participation in the 

program was health concerns. The public was worried about how contaminants in their soil, 

water, or plants would affect their health. In addition, the other responses from the focus group 

participants, such as evaluating their food, also have health connotations. In the interviews for 

both those who attended the report back meetings and those who didn’t, expectations of the 

project were similar and again dealt with concern over soil, water, and plant quality. In citizen 

science studies where participants are not stakeholders, such as ones dealing with astronomy, 

primary motivations tend to stem from interest in the subject or a desire to contribute, while 

health concerns tend to be the primary motivator for studies such as this one, where populations 

may be exposed to health hazards like water, soil, or plant contamination (Dickerson et al. 2004). 

Regarding what motivates participants to be involved in environmental action in general, there is 

little difference between those who attended the report back meetings and those who didn’t, as 

the report back meetings were not meant to address motivation but simply to share findings.  

 However, whether expectations for projects are met or not is an important factor in 

whether participants will be motivated to participate further (Wright et al. 2015). For those who 

attended the report back meetings, what they received out of participation closely matched what 

they expected to receive, while those who did not attend the report back responded that they 

received “general information” as a result of participation. Those who attended the report back 

meetings felt more like their expectations were met than those who did not. This is likely 

because the report back meetings explained how to interpret the results of the study and how to 



96 

 

make informed decisions with the newfound knowledge. This was in line with the anticipated 

results, so those who attended the report back meetings may be motivated to participate further.  

Knowledge 

 The interview respondents, both those who attended the report back meetings and those 

who did not, generally agreed that they understood environmental monitoring and quality better 

as a result of participation in the Gardenroots program. There was constant communication 

between the laboratory and the participants, with postcards being sent to the participants at every 

step in the analysis, detailing what was currently occurring in the project. This constant 

communication helped the participants understand the process of environmental monitoring, as 

they were able to learn what goes on in a real laboratory during sample testing (Minkler and 

Wallerstein 2010). The two respondent groups also defined environmental quality similarly to 

each other. 

 Those who attended the report back meetings felt more they learned about contaminants 

in the environment, although one respondent who did not attend the report back meetings was 

not asked that question. However, there were more respondents who did not feel that they 

learned about contaminants in the environment that did not attend the meetings than those who 

did.  

Efficacy 

 There was no change in efficacy from the pre- to the post survey. This was likely due to 

the small sample size, as there were fewer people who attended the report back meetings and 

completed the post-survey, and only the surveys that had both the pre- and post- versions were 

used in the analysis.  

 All focus group respondents felt that they were more likely to be involved in 

environmental action as a result of participation in the Gardenroots program. In addition, all felt 
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that they were capable of creating change in their communities, and all but one said that they 

would do another citizen science project again. The project was meant to be hands-on but not 

terribly time-consuming or difficult to participate in, so the participants likely had a positive 

enough experience to engage once again. Once the participants saw themselves contributing to a 

program about the environment, it became easier to visualize themselves creating change, 

especially with the newfound knowledge they gained (Stajkovic 1979, Minkler and Wallerstein 

2010). 

 

Conclusion 
 

For those who live near active and legacy resource extraction sites, potential exposure can be 

a cause for concern, especially when the exposure can come from their very own gardens. The 

unfortunate cruelty of environmental contamination is that often it is underserved populations 

that are the most exposed to health hazards (Foster 1998). In addition, what little education these 

communities receive on contamination in their area is largely ineffective. It is one-directional, 

meant to assuage fears and provide alternatives, yet does not engage with the community to 

increase knowledge or build capacity, and does little to build trust between the two parties (Cox 

and Pezzullo 2016). To better inform communities on health hazards, there needs to be two-way 

communication and adequate reporting of results, local knowledge needs to be taken into 

consideration, and motivations for engaging in such topics evaluated (National Research Council 

1996). This will create a more knowledgeable community that can make informed decisions 

regarding exposure risks and feels more confident in their ability to create their desired 

outcomes.  
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This study demonstrates the outcomes of a PPSR program involving gardeners. Motivation 

was largely internal, with the participants engaging in this program for health concerns, a desire 

to contribute to science research, and to learn best practices for their gardens. Self-efficacy 

slightly increased as participants felt that they would be more involved in environmental action 

as a result of participation in the program, and felt more capable of creating change in their 

community. Understanding of environmental monitoring and quality increased as a result of 

participation, and those who attended the report back meetings felt that they learned about 

contaminants in the environment. This work could be take further by communicating with more 

participants, especially those who did not attend the report back meetings, on the results and 

returning to see how many participants have been involved in environmental action opportunities 

since the program. 

This study successfully evaluated the motivations of participants in an environment health 

research project and increased their knowledge and efficacy. This helps to create communities 

that can make informed decisions regarding health risks and be capable of further environmental 

action. More attention could be focused on recruitment to report back meetings to increase 

sample sizes for the pre- and in particular post-surveys. Two-way dialogue between researchers 

and the community is crucial for those who may be exposed to environmental hazards. This is 

applicable to all populations, but especially underserved ones that are at the highest risk for 

exposure.  
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