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EXECUTIVE SUMMARY 

Introduction & Background 
 
Scientists are aware of the need to effectively communicate their research to the public, decision-makers, and 
funders in new and creative ways. Additionally, an ever-growing number of artists are addressing environmental 
issues, and funders are beginning to see this work as relevant. This is leading to the increase of interdisciplinary 
collaborations between the art and sciences.  
 
NOAA’s National Estuarine Research Reserve System (NERRS) attempts to address environmental concerns and 
protect estuaries by partnering with 29 coastal states to monitor estuary health and manage coastal resources. To 
accomplish their goal of encouraging stewardship of estuaries in local communities, the NERRS is seeking new 
ways to communicate monitoring data, and the threats that face these crucial ecosystems. NOAA’s Office for 
Coastal Management and the National Estuarine Research Reserve Association (NERRA) have expressed interest 
in expanding art-science collaborations nationally.  
 
This masters project sought to expand the NERRS’s local and national capacity to use art to communicate 
Reserve research and stewardship priorities (e.g., climate change). The project built upon existing programs 
within the NERRS to support transitioning the initiative to a national level, with the hope that research and data 
can become more accessible and relatable to communities throughout the nation. The information included in this 
report and the client deliverable sought to answer four research questions: 1) what are the benefits and challenges 
of using art to communicate science?, 2) Can art help different learning styles (e.g., visual) better understand and 
retain scientific data and concepts?, 3) what practices have been used to successfully complete art and science 
collaboratives?, and 4) where and why has the Reserve used art to communicate science in the past? 
 

 
Research Methods 
 
Three data collection methods were used within this study: (1) a literature and case study review, (2) 
informational interviews with key actors, and (3) a survey of the NERRS. These methods provided a diversity of 
information to inform and answer the research questions and meet the research objectives. Employing three 
different data collection methods lead to a more informed client deliverable. 

 
Summary of Findings 
 
1) Where and why the Reserve has used art to communicate science: 

• 21 out of 29 Reserves are known to have participated in art-science collaborations of some form. 
• A majority of the Reserves intended to increase Reserve engagement with the general public/community 

through their art-science programs. 
 

2) Best practices used to successfully complete art and science collaboratives:  
 

1) Project Design 
• The most influential topics are place-based current events. 
• A majority of funds come from grants, for Reserves these are mainly Federal Grants. 
• Funding the collaborative thinking process leads to a better product. 
• Partnerships crucial to funding and labor as they can provide more funds or resources. 

 
2) Role of key players 

• A minority of case studies involved the direct collaboration of both artists and scientists in the 
project from the outset. 
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• Engagement is dependent on individuals’ personality and chemistry among collaborators. 
• If the community is directly involved in the project, stricter guidelines are necessary, but they are 

a loud and active promoter of the product.  
 

3) Measuring outcomes and success  
• All projects analyzed were successfully completed and most used informal feedback and/or 

participation numbers to measure success. 
• Measuring success is resource intensive and response for participants is not consistent. 
• Embedded formative and follow-up assessments can formally measure programmatic outcomes.  
• Increasing the formal measurement improves the fundability of art-science programs.  
• There is a desire for an increased use of success metrics, but artists point out that the goal is to 

create a connection with the output, which can easily be measured by informal feedback.  
 

3) Benefits and challenges of using art to communicate science: 
 

• Four key benefits that increase engagement were identified across methodologies.  
• Art is a unique and powerful communicator that engages people in a different way then graphs and 

data do. This can change participants perception of a scientific concept. 
• Art engages people emotionally and can create strong feelings towards the science, which can 

increase engagement and retention.  
• Art is intrinsically cultural and can strongly influence bonding around environmental issues, 

connecting people to each other and to the issue.  
• Art is an effective marketing tool for science organizations because it increases positive perceptions 

and engages new audiences. 
 

• Three key challenges were identified in the data (funding, staff capacity, and interdisciplinary challenges). 
Interviewees informed potential strategies for overcoming these.  
• Funding and staff capacity were the most frequently mentioned challenges. 
• These challenges can potentially be overcome by good partnerships and creativity. 
• Interdisciplinary challenges (e.g., communication between artists and scientists) were also mentioned  

frequently in interviews.  
• Focusing time early on in the project on initial collaborative thinking can help to overcome 

interdisciplinary challenges. 
 

Conclusion 
 
Research on this topic is limited and mostly self-reported. Perhaps because formal assessment is difficult, and 
funding does not have strong institutional support. Further research and assessment is needed in order to further 
art-science collaborations’ impact, and more institutional support and funding opportunities are needed to 
encourage participation.  
 
Despite this, art-science collaborations can play an important role in communication and can increase 
stewardship. Therefore, expanding upon art-science collaborations in the NERRS to nationally leverage art could 
help increase stewardship and engagement among communities. Reserve scientists are extremely interested in 
participating in art-science collaborations, and in creating an artist-in-residence program at Research Reserves. 
With increased national support, art-science collaborations could make a significant impact on stewardship and 
engagement within reserve communities. 
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1. Introduction 

1.1 The integration of art and science   

 

There is a growing understanding throughout the world that humanities relationship to the 

environment needs to radically change in order to address environmental concerns.1 However, as 

awareness of global threats increase, people’s intimate relationship to nature is decreasing in an 

increasingly technological world.2 While there has been a shift towards environmental consciousness 

and activism throughout the world3, it is understood that humanities’ decreasing intimacy with nature 

lessens people’s desire to take action towards stewardship of the earth.2,4 However, this desire for action 

is what will create a new ethic that incorporates non-human needs into decision-making processes, thus 

giving the environment a better chance at survival.4, 5, 6 For this radical change to occur considerable 

public investment, work, and support is necessary.4, 5,6 In order to develop this investment, 

environmental issues must be understood in a way that also emotionally connects people to the issues.5 

Scientists are progressively becoming aware of this and recognizing the need to effectively 

communicate their research to the public, decision-makers, and funders.7 

 

Despite this recognition, scientists are not often trained communicators, and effective engagement 

with the public about their findings is restricted by resource capacity.7 To connect their data and research 

to people in a way that encourages and brings about societal changes, humanities and the social sciences 

must be integrated into communication and problem solving.4,8,9,10,11 Many contend that the arts may 

play a significant role in communicating environmental science and encouraging societal change.1-11 

Socially engaged art has always participated in movements for change by communicating issues and 

defying dominant paradigms, and this is no different for the environmental movement.3,5,12 An ever-

growing number of artists and their organizations are addressing pressing environmental issues, and 

funders are beginning to see this work as relevant.13 This is leading to the increase of interdisciplinary 

collaborations between the art and science fields.13  

 

These collaborations are not surprising as both these fields share an intrinsic curiosity about the 

world.14 Historically, the natural sciences have been closely tied to the arts15, as is seen through 

prominent historical figures like Leonardo de Vinci.17 However, human instinct to integrate what is now 

science, art, and humanities goes back to Paleolithic cave paintings.16 Despite being once integrated, 
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these disciplines have diverged from each other over the past century, but seem to be converging again 

through many integrative collaborations and programs.17 It is important to note though, that while the 

fields largely diverged from one another, there were still individuals and organizations that recognized 

the benefits of interdisciplinary work. For example, Rachel Carson said, “I believe quite sincerely that in 

these difficult times we need more than ever to keep alive those arts from which [we] derive inspiration 

and courage and consolation--in a word, strength of spirit”.18 This integrative work has also been  

present in sites of long-term ecological studies, art-science laboratories, environmental humanities 

programs, and artist residencies.4,17  

 

Despite their shared history, motivations vary widely for the integration of these fields, and can 

include things like outreach and communication to stimulating creativity for researchers.4,17,19 While 

motivations vary, the majority of professionals who have participated in or studied art-science 

collaborations agree that art is a unique and emotionally articulate form of communication that can help 

to catalyze societal shifts, make information relevant, and increase the opportunity for dialogue.5, 7, 9 

With an awareness of these benefits and the desire for effective communication, more and more 

scientists and environmental organizations are re-integrating arts as a tool to maximize understanding 

and connection of the public to important data and research.7,13,20,21  

 

1.2 The National Estuarine Research Reserve System (NERRS) 

Estuaries are important component of wider ecosystems, the many communities built around 

them. They provide food and are home to a wide variety of species, and provide humans with food, 

recreation, and job security.22 Twenty-two of the largest cities in the world are located along estuaries23, 

and this large density of human activity has altered the natural state of estuaries. The impact of this 

human activity has led to estuaries being considered one of the most threatened ecosystems on Earth.24 

NOAA’s National Estuarine Research Reserve System (NERRS) attempts to address environmental 

concerns and protect estuaries by partnering with 29 coastal states to monitor estuary health and manage 

coastal resources (Figure 1).25 Moreover, they seek to educate human communities about their 

importance and best practices in stewardship.25  

To accomplish their goal of encouraging stewardship of estuaries in local communities, the 

NERRS is seeking new ways to communicate both monitoring data and the threats that face these crucial 
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ecosystems. The Tijuana River National Estuarine Research Reserve (TRNERR), a Reserve that is part 

of the larger NERRS, started an initiative called Climate Understanding & Resilience in the River 

Valley (CURRV), funded by NOAA’s Climate Program Office. The TRNERR hosted an artist-in-

residence to create four murals illustrating the science behind different future scenarios that were 

developed through local resilience planning.26 This initiative provided viewers a glimpse of potential 

futures and demonstrated the ability of art to connect communities to data that impacts them locally.  

Building on this success, the work was brought to another NERRS Reserve, the Kachemak Bay 

NERR in Southeast Alaska. This Reserve ran an initiative to connect their community to data from the 

Kenai Peninsula by engaging youth’s understanding of that data in a community climate change art 

contest. The youth’s art was displayed at the state capital, subsequently connecting the Reserve’s 

research to the Lieutenant Governor of Alaska.27 These projects connected artists with scientific data 

and provided a unique opportunity to use art to further the impact of data on community understanding 

and stewardship. Moreover, these initiatives provided an opportunity for environmental research to 

reach local decision-makers through collaboration between art, science, and the community.  

NOAA’s Office for Coastal Management and the National Estuarine Research Reserve 

Association (NERRA) have expressed interest in expanding art-science collaborations nationally. 

Through a partnership with the TRNERR, this Masters Project sought to expand the NERRS’s local and 

national capacity to use art to communicate Reserve research and stewardship priorities (e.g., climate 

change, water quality, trash). The project built upon existing programs within the NERRS to support 

transitioning the initiative to a national level, with the hope that research and data can become more 

accessible and relatable to communities throughout the nation. 
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Figure 2: Map of the 29 National Estuarine Research Reserves in the United States. Map of the National 
Estuarine Research Reserve sourced from: https://coast.noaa.gov/nerrs/ 

1.3 Project Objectives 

This project, conducted collaboratively with the TRNERR, sought to develop communication 

products that can help other Reserves collaborate with local artists to communicate research of 

importance. The information included in this report expands upon art-science collaborations already in 

place throughout the Reserve-system, with the goal of establishing new art-science collaboratives at 

Reserves on a national level. Using a literature and case study review, informational interviews, and a 

survey we sought to answer four research questions:  

1. What are the benefits and challenges of using art to communicate science? 

2. Can art help different learning styles (e.g., visual) better understand and retain scientific data and 

concepts?   

3. What practices have been used to successfully complete art and science collaboratives?  

4. Where and why has the Reserve used art to communicate science in the past? 
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The project will also build upon interest to train staff at the NERRS Annual Meeting through the 

Research and Coastal Training Programs at each of the Reserves to give the project a national location 

to highlight the final outputs. Ideally, the communication materials and the art-science collaboration will 

help to inform and encourage expanding the art-science initiative to all 29 Reserves, with the hope that it 

will further the Reserves connection to their local communities, encouraging better stewardship and 

management of their natural resources.  

2. Methodology  

 

Three data collection methods were used within this study: (1) a literature and case study review, 

(2) informational interviews with key actors, and (3) a survey. These methods provided a diversity of 

information to inform and answer the research questions and meet the research objectives. Employing 

three different data collection methods leads to a more informed client deliverable. 

 

2.1 Literature and Case Study Review  

 

Research for this project included a literature review of peer-reviewed and non-academic sources as 

well as a review of art-science collaborative case studies. A summary of findings and sources will be 

provided to the client based upon existing literature and case study sources used in the project analysis. 

To focus the search for sources two research questions were used: 

1. What are the benefits and challenges of using art to communicate science? 

2. Can art help different learning styles better understand and retain scientific data and concepts?  

To acquire relevant literature and case studies, a search was conducted from May 2018 through 

January 2019. The initial search for literature and case studies was conducted across multiple databases. 

Consultations with the client, advisors, and Duke librarians narrowed the search terms and helped to 

identify  databases. The following databases were used to locate relevant literature and case studies: 

Google Scholar, and Duke University Libraries, Web of Science, and ERIC. Search terms included 

things such as, “art and science collaborations” and “using art to communicate science”. Peer-reviewed 

scientific articles, student theses, magazine articles, newsletter articles, and organization websites were 

gathered for analysis. Additional sources were collected through a search of internal citations within the 
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literature and case studies found in the initial search, and through consultation with experts during 

informational interviews. 

Articles and case studies found in the search process were first skimmed and selected for further 

review if any part of the article addressed the aforementioned research questions. The articles were 

entered in a Mendeley Desktop database for organizational purposes and the following information was 

documented: author, year, title, journal, and additional citation information. The relevant information 

within the articles and case studies were highlighted and organized by document type and which 

research question they addressed.  To analyze the sources, each was flagged by what question they 

addressed and how they answered it. The information from these sources was then synthesized used to 

inform the conclusions and client deliverable. Utilizing the methods outlined above, 70 articles were 

initially collected for analysis though only 53 were deemed relevant to this study after further reading 

and analysis. There are limited studies addressing the topic of environmental art collaborations that 

include data addressing our research questions, but it is growing area of research and there are important 

trends emerging.2 

2.2 Informational Interviews with Art-Science Professionals  

 

In addition, interviews were conducted with a selection of individuals who have lead and 

participated in an art-science collaboration on a professional scale.  To find artists and scientists willing 

to participate in an interview, online resources were primarily used to identify case studies and the 

professionals working on them; some participants were selected based on exposure to their work through 

the literature review described above. Other participants were recommendations by interviewees during 

our conversations. Additionally, scientists who have collaborated with artists within the NERRS were 

contacted through the client, Dani Boudreau.  

 

Once potential participants were identified, an email was sent to them with a pre-written statement 

that explained the project, asking if a phone interview could be scheduled (Appendix A.1). A total of 

thirty-one individuals were contacted for interviews and fifteen were successfully interviewed. The 

interviewees were experts in their field who had previously worked on or led an art-science 

collaboration. 13 of the interviewees were women and 2 were men. Eight participants were trained as 

scientists and had collaborated with artists, four of those eight worked within the NERR system. Six of 
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the interviewees were artists who had collaborated with scientists, and one interviewee was both an artist 

and a scientist. The interviews were not recorded though data detailed notes were kept. The interview 

guide was developed in collaboration with the client, and was based on the research objectives and 

questions (Appendix A.2). The guide was iteratively reviewed to ensure it captured our objectives and 

questions, and would not pose a risk to those being interviewed.  

 

 The 15 interviews were conducted in a semi-structured from June 2018 to December 2018. One 

of the interviews was in person, while the rest were conducted over the phone. Interviews lasted between 

30 and 50 minutes, and were guided by the previously developed script (Appendix A.2). Each interview 

began with a brief description of the project and any questions the interviewee had were answered. Once 

the interviewee felt comfortable with the project goals, questions were asked according to the interview 

guide.  

 

During the interview, participants were asked to describe their experience and interest in art-

science collaboratives, details on the project and the planning and execution process (if multiple, they 

selected one example), and to reflect on collaborating outside of their discipline. The interview was 

conducted in a manner that allowed for modification of question order depending on response, and to 

allow for further explanation of a point through follow-up questions. At the conclusion of the interview, 

participants were thanked for their time and were asked if they had any literature or contacts that they 

would be willing to share with me. Consent was obtained for the interviewees through email (Appendix 

A.4).  

 

Analysis 

To prepare for analysis, the detailed notes from the interviews were organized in an excel sheet and 

categorized by question and profession. Once organized, each interview was coded and patterns across 

responses were identified. Attribution is paraphrased due to having only detailed notes and not 

transcribed recordings of the interviews.  
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2.3 Survey of NERR art-science collaboratives 

 

An online survey was distributed among the 29 National Estuarine Research Reserves to help 

inform the understanding of: (1) where and why has art previously been used to communicate science 

within the Reserve System, (2) practices and processes that have been successfully used to implement a 

collaborative program, and (3) individual perceptions of the benefits and challenges of using art to 

communicate science within the Reserve System,  (Appendix C.1).  

 

The survey was designed in collaboration with the client representative, Dani Boudreau, through 

the Survey Monkey software. From August 2018 through February 2019, multiple drafts were compiled 

to clarify and simplify survey design with input from experts in art-science collaborations, Reserve 

colleagues, and academic advisors. After the survey was designed, a pilot test was run by two of the 

client representatives’ Reserve colleagues in late February, 2019. The pilot test also suggested that there 

were no technical difficulties for those taking the survey, and that they could accurately record data. The 

survey was distributed to education coordinators within the Reserve by individual emails on February 

28th, 2019.  

The online survey was made available (through email notification) to each of the education 

coordinators within the Reserve by the client, Dani Boudreau, on 02/28/2019. It was open for response 

until Marth 15th, 2019 and each individual was asked to pass it to other sectors within their Reserve if 

they had completed an art-science collaboration as well. A follow-up email reminder was sent halfway 

through the time the survey. Over the two weeks the survey was open, 29 Reserve employees filled out 

the survey. Six of those responses were less than 50% completed and thus were removed from analysis.  

 
Analysis: 

To prepare the survey data for analysis, all surveys that were not at least 50% complete were 

removed from analysis. All of the incomplete surveys removed from analysis were those that 

respondents opened, but did not continue to fill out past the first page. The results from each of the 

responses were coded into excel, by converting each recorded responses into a numerical value. For 

open-ended, qualitative questions,  responses were coded by themes and converted into numerical 

values.  
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III. Research Results 

3.1 Literature & Case Study Review: 

Articles were organized by whether or not they addressed the benefits of art-science 

collaborations, and three major themes emerged: 1) Art-science collaborations encourage 

communication and engagement with science, 2) Art-science collaborations provoke an emotional 

response to science and data, and 3) Art-science collaborations connect people to nature and to each 

other.  

 

3.1.1 Benefits of using art to communicate with and engage the public?  

1) Art-science collaborations encourage communication and engagement with science 

This theme addresses how art benefits the communication and engagement of science and 

research. The most mentioned benefit in art’s role as fostering communication was that using art to 

represent scientific data and research increased dialogue and engagement with complex issues.2,3,5,7,17 

Multiple studies discussed how the art engaged with thousands of non-scientists and prompted deep, 

complex conversations around the issues or data.5, 17,28,29 For example, one study mentioned that art used 

in sites of long-term ecological research generated deeper conversations on the complexities than the 

scientists’ had anticipated or intended.17 Most of the literature talked about the driving forces behind 

why art encourages deeper engagement and communication. Art communicates ideas in a more sensory, 

sometimes intuitive way that enables increased engagement from different audiences than the data 

normally reaches, which results in deeper meaning for the audience and brings the data to life.2,7,17 This 

makes audiences more receptive to information and makes that information easier to remember, 

ultimately increasing engagement with complex topics.2,3,5,7,13 Engaging with the topic in an interesting 

way, resulted in richer communication on complex issues.2,3,5,7,13 Additionally, the literature mentioned 

that the products of art-science collaborations gave the scientists and artists involved a new perspective 

and engagement with their own work that solidified concepts and encouraged further communication of 

their concepts and work.5,9,17,20,21 Some believe that this aspect of art would benefit decision-making 

processes as it increases the relevancy of issues, thus potentially encouraging more environmentally 

informed decision-making.7 

2) Art-science collaborations provoke an emotional response to science and data 
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Emotions have been identified as a key tool in prompting environmental behaviors, as is 

identified by Triandis’ Theory of Interpersonal Behaviour.5 Emotions are a response to particular types 

of sensory experiences, that encourage engagement with material and also designates experiences as 

long-term memory.5,30 There is, however, a delicate balance in emotional response because prompting 

negative emotions to environmental concerns can reduce engagement and potentially result in inaction.5 

However, evoking positive emotional responses through the arts, which can play an uplifting role for 

depressing topics, can increase engagement and memory for audiences.5  

Understanding the benefits of emotion and arts capacity to appeal to people emotionally, it is not 

surprising that the most identified benefit was using art as a tool to provoke positive emotional responses 

to science and data.3,5,7,31 By combining artistic and scientific investigations, the personal becomes more 

entwined with the natural world and can lead to a stronger sense of “stewardship ethic”.32 By 

communicating information in an emotionally compelling way, art-science collaborations can influence 

people’s opinions and narratives surrounding nature. This in turn can encourage greater empathy toward 

the natural world, thus influencing behavior change and action.2,3,5,17,33,34 One study emphasized that this 

is a powerful medium for communicating scientists’ work because it reveals the scientist’s passion and 

“emotional motivations” that drive their work and allows the general public to experience with them.17 

3) Art-science collaborations connect people to nature and to each other 

The third theme addresses the idea that using art to communicate science connects us to the 

natural world and to others. Art can give form to the natural world and creates new modes of perceiving 

it, deepening our awareness and resituating our relationship to natural processes.6, 32,35 The arts connect 

us to the environment by stimulating a relationship to place” that “guides us to intuitive 

appreciation”.13,32 This gives art-science collaborations the power to analytically explore our natural 

world, cultures, and society in a synesthetic way.13,32 Collaborations leading to a deeper connection to 

the environment and it’s scientific concepts was seen throughout many of the case studies.2,6,36,37,38 Most 

of the studies mentioned how participants and students involved in art-science collaborations developed 

deeper connections and empathy for their environment and environmental issues.2,6,36,37,38 In one case 

study, Bird Yarns, artist Dierdre Nelson works with knitters worldwide to create flocks of knitted arctic 

terns to draw attention to changing migration patterns and climate change across Scotland’s islands.6 
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Bird Yarns drew those involved in knitting internationally into the emotional tie to this species, and 

knitters reported that they felt a connection and worry for the species that they had not had before.6 

Bird Yarns also played a large role in forming international social connections that created a 

stronger activism for arctic terns.6 This stronger sense of social connection cultivated by Bird Yarns is a 

common theme among the literature and is a crucial part of art-science collaborations success. Stronger 

social connections encourage stewardship because the complexity of the issues faced requires strong 

connection and collaboration across disciplines and communities.3,7,21 There is evidence that if people 

engage with arts there is a strong, positive impact on their participation and contribution to social and 

civic participation and engagement.39 When paired with the environmental sciences, this can increase 

participation and contribution to environmental stewardship and action.  

3.1.2 Can art help different learning styles (e.g., visual) better understand and retain scientific data and 

concepts? 

Studies that examined arts role in increasing retention and understanding learning of scientific 

concepts were limited. Additionally, only a small subset of the articles used quantitative data to measure 

retention and understanding.  While this area of study is limited, it provides some interesting findings 

that promote the use of arts to teach scientific concepts and data. Arts integration is a teaching style that 

engages students in a creative process and connects art to another subject, meeting evolving objectives 

for both subjects.2,40 Students are then able to represent what they learned through the chosen art 

medium.2,40 Generally, it is has been shown that art stimulates emotional responses, which contributes to 

greater retention of concepts because students are engaged in content more exciting to them.2,41 Further, 

the role of arts and emotive outlets for learning have shown improving cognitive abilities and attainment 

in literacy, math, and language.39  

 

Emotion has been shown to be crucial to learning as neuroscience has noted that when neurons 

fire frequently they create more networks, or knowledge, and to create change (e.g. learning) in the 

networks “emotion chemicals” like adrenalin, dopamine, and serotonin are necessary.42 This is because 

when networks and connections are flooded with these chemicals, synapse strength changes and neuron 

network’s responsiveness can change.42,43 By countering traditional learning approaches of 

environmental science with art, students are developing stronger ecological literacies that are 
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meaningful in encouraging environmental concern and stewardship.2,44 

It is understood and has been demonstrated that, in general, emotions play a key role in learning 

and that creating images improves “comprehension and retention”.13,45,46,47,48 Studies have shown that  

incorporating the arts into lessons improve benchmark assessment scores for students.2,49,50 Additionally, 

the arts aid in learning by improving attitudes and helping students to connect seemingly unrelated 

concepts.2,49,50 While the effectiveness of arts integration is a seemingly valuable one, there are few 

studies that quantify the impacts of it on environmental learning and retention.13 

 

Studies that measured learning of environmental sciences using arts integration noted significant 

improvements in the students’ understanding of things like ecosystem complexities, the importance and 

identification of species, ecological threats, and the ability to articulate learned 

information.2,36,51,52,53,54,55,56 Using evaluations, such as pre-tests and post-tests, the studies found that 

with the use of art, students were more engaged and enthusiastic emotionally and cognitively in learning 

about subjects like marine wildlife, carnivores and their role, and place-based ecosystem 

understanding.2,38,51,52,53,54,55,56 This led to not only an increased retention of knowledge, but also an 

increased empathy towards the environment in students.2,38,52,53 

 

3.2 Interview Results:  

 

Interviews were coded for key themes that addressed the following questions:  1) What practices 

have been used to successfully complete art and science collaboratives?, and 2) What are the benefits 

and challenges of using art to communicate science? 

 

3.2.1 What practices have been used to successfully complete art and science collaboratives? 

 

Interviewees were asked a series of questions about the processes that they used to create and 

complete a successful project. The questions and themes centered around motivations, project design, 

key player’s roles, and measuring outcomes and success. Key players were identified as the scientists, 

artists, and the receiving community.  

 

1) Motivations 
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First, interviewees were asked about their experience with art-science collaborations and what 

motivates them to participate in this type of work. 8 of the 15 interviewees, both scientists and artists, 

discussed how they were motivated by art’s unique communication abilities: “art has the ability to speak 

to people in a different way”, “we live in an age of images, I took a social marketing training and what I 

took away is that images communicate to people in a powerful way”, “art communication really has the 

power to alter your thinking” (6 out of 15). For 7 of the scientists, it was also personal motivation 

because they were artists themselves (2 out of 15), or a good friend of an artist (4 out of 15), or a co-

worker is an artist and promoted the project (1 out of 15). For two of the scientists, they were 

approached by the artist or art organization which prompted a partnership to do an art-science 

collaboration and they had not thought about this kind of collaboration before: “an artist from outside 

the Reserve has come to the Reserve with the idea”. All of the interviewees who are professional artists 

(7 of 15),discussed how they have a personal motivation to do environmental art. Through experiences 

like seeing “environmental disasters take place” (2 of the 7), or having an interest in the sciences and a 

propensity for “looking at natural patterns” (1 of the 7). This personal connection to the natural world 

and innate empathy towards the environment tends to always appear in the work they produce: “the 

more work I did the more it became about environmental concerns” (1 out of 15). 

 

2) Project Design 

For four of the scientists, the research topic chosen was usually a place-based current event: “It is 

pretty place based, we have specific things we are dealing with here”, “we have a current event based 

topic on climate impacts”. Four of the artists, who have had control of topic selection, tended towards 

topics that had personal or emotional connections for them: “they are topics that make me emotional and 

so I want to say something about them”, “as a child I read about Lake Eerie catching fire and saw there 

were not a lot of constraints placed on the industry. Right around that same time was the first Earth 

Day”. The other 3 artists usually join a project after the project topic has been selected. Artists were 

connected with the project through a variety of ways, such as through “personal connections” (5 of 15), 

“professional affiliations” (4 of 15), “affiliations through teachers at schools” (4 of 15), and a few 

“reached out to the scientists or Reserve” (2 of 15).   

 

A majority of interviewees noted that around 3-4 months was needed to successfully complete a 

project (7 of 15), and two others said that their project took about one year. All interviewees responded 
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that the timeline is decided beforehand (15 of 15), although this is flexible, as one scientist pointed out: 

“the timeline we originally envisioned changed a bit”. Approximately half of the interviewees, scientists 

and artists connected to organizations (7 out of 15), received funding from the existing programs. All of 

the interviewees noted the importance of grant money in funding collaborations.  A few scientists  noted 

the reliance of projects on donated time and volunteers to make the project successful: “artists and 

volunteers donate a lot of time”, “we had a robust group of volunteers”. When asked where to look for 

funding for collaborations, 9 of the interviews said “local organizations” (nonprofits, foundations), 13 

said to write grants, and one interview emphasized being creative with what is there: “you can get lots of 

help from partner organizations”, “collaborate with school programs that have a lot of supplies”. 

Interviews mentioned that grant money largely comes from “nonprofits” (9 out of 15), “public 

institutions” (8 out of 15), “foundations” (5 out of 15), “research centers” (5 out of 15), and 

“government agencies” (4 out of 15). For Reserves, funding tied to grants is “usually part of a larger 

Reserve project, and this is considered an output” (1 out of 15).  

 

3) Roles of the key players 

All but two of the respondents said that scientists played a direct role in the collaboration, 

although what this looked like varied amongst responses. Direct participation by scientists was heavily 

dependent on the scientist’s personality: “we do pull in local science experts, but engagement is 

personality based”, “It depends on the scientist on how involved that they get in the project”. While a 

couple of the interviews mentioned how some of the scientists were engaged in the project and really 

hands on (“they were thinking and creating at the same time I was”), one interviewee talked about how 

scientists are not as engaged and “they just want the result”.  

 

 Like the role of the scientists, the role the artist played varied amongst responses. All of the 

interviewees mentioned that artists had a lot of free reign in the way they engaged with the topic: “they 

get a lot of creative license but we give them the topic or idea”, “we bring the topic and image to the 

artist and the artists chooses medium”. For 8 of the 15 interviews, the artists were brought onto the 

project after the topic is chosen, but were given a lot of creative license on the format for the final 

product: “They had a lot of creative license with the mural”, “they had a creative license”. One of the 

artists mentioned that “the partnership would not be worthwhile” if they were not given creative license.  
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 All respondents had completed a project that has some form of engagement with the community. 

3 of the interviewees discussed direct engagement throughout the creative process: “over long term in 

Charlotte with a community that lived in a newly built housing development and that was about bringing 

birds back to the housing”, “Worked with Mary Daugherty who does photography. People would write 

words for water on chalkboard and then she made a photo collection”. Those that have involved the 

community throughout the process noted that “the response and outcome was really powerful”, “the 

community will be your loudest voices of support” (3 out of 15). However, 3 of the interviews 

mentioned that direct engagement or working with volunteers requires strict guidelines for success: “It is 

hit or miss with volunteers, you need a very focused task or the amount of time it takes to teach is not 

worth the investment”. 5 of the interviewees discussed how engagement was limited to schools and 

working with kids: “will join classrooms and do activity on science Fridays”, “the audience is limited, 

mainly it is with students and families”. One interviewee discussed how communities’ engagement is 

highest with the art at events, and “people get really excited about the artwork and the topic there”.  

 

4) Measuring outcomes and success 

8 respondents measured success in some form, 5 collected feedback from the participants by 

having an “informal conversation with them”, “listening to their reactions”, and “through a recorded 

feedback opportunity at the art installation”. 3 respondents collect metrics of success and feedback 

through surveys, which have varying rates of response: “Over 150 community members came out and 

took surveys that could be presented to the city. Surveys on the spot can be very effective”, “Surveys do 

not get high participation despite offering a prize, we got 12 responses out of over 100 people”. One 

respondent discussed their post-test, where students explain what they learned during the activity: “it is a 

post card where the talk about the most interesting thing they learned”. The interviewee noted that many 

of the respondents talked about the science: “a high percentage is science only responses, which shows 

that the art is doing what is supposed to do”. Five discussed collecting metrics of success through 

participation numbers, which is largely collected for the funder’s sake: “our metrics were the number of 

presentations we did”, “For grantors it is usually numbers and how many partners, students, adults, 

collaborators”.  

 

All of the respondents, whether they measured success or not, mentioned the difficulty of 

measuring success in this type of work: “Gathering metrics to understand success is a really complicated 
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thing”. Some respondents talked about what metrics of success have worked well for them or other 

projects that they are familiar with. One interviewee mentioned that “embedded evaluations tend to 

work well”, especially “interactive and easy feedback during the event”. Open ended comments were 

noted by this interviewee as being successful in gathering “individual perceptions about the project”. 

Pre/post evaluations were mentioned by 3 of the interviewees (e.g. surveys) as needed to “collect data 

that can measure efficacy, do they understand the science better?”. One interviewee cautioned against 

surveys as a metric as they are usually “dreaded by participants”. Despite the difficulty associated with 

gathering feedback and measuring success, all of the interviewees considered their project to have a 

successful outcome through their observation of the “high engagement and enthusiasm” from the 

audiences. 

 

5) Advice for success: 

When asked what advice they would give on how to make successful collaborations all of the 

interviewees discussed what collaborative dynamics make for successful partnerships. Key to successful 

partnerships mentioned across all interviews was that dialogue and communication are important: 

“dialogue and not working in isolation is important”. Having meaningful dialogue and being open to 

ideas and willing to listen to partners was also emphasized as key to success from two interviewees: “be 

willing to listen”, “be open to content ideas”. Another interviewee gave the advice that scientists leading 

collaborations should be encouraged to “do a communication training that will make collaborations and 

research communication more relatable and impactful” because they cannot just expect people to 

understand their work or their vision. Therefore, when collaborating with artists it is important for good 

communication “to start with the scientists”.   

 

Both artists and scientists  (4 out of 15) noted that the project needed to have “time and funding” 

set aside from the start for “collaborative thinking”. This is important because it is where the decision-

making happens: “the collaborative thinking aspect needs to be funded [because] it is really important to 

give the collaborative time to the artists and scientists to make a better product”. It is important to note 

that nearly all of the artists (5 out of 7) emphasized the desire and need to be involved in decision-

making from the start, and to have equal power so scientists are not making the decisions for them: 

“have artists help decide because it is important they have a voice to have the broadest impact”, “have 

artist be involved in the decision-making process…you want the quality in the art”, “set it up so it is not 
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always the scientists deciding for artists”. Successful completion of the project needs to recognize that 

each person has their own role and that scientists and artists will not tell each other how to do their job, 

but give each other the ability to bring their expertise to the table: “there needs to be awareness between 

the two that no one will tell each other how to do their job”, “I have found the best scientists understand 

that they are not artists, that there is art and there is science”, “they need to give the artists creative free 

reign to do something novel”. 12 out of the 15 interviewees emphasized that to be successful, the right 

partners are key because collaborations cannot be forced and people have to be committed: “you cannot 

force collaborations”, “Pairing up with the right people will really make it happen, make sure they are 

committed”. 5 interviews mentioned that existing organizations or schools have been their most 

successful collaborations because they have “more funding and labor sources to help make the project a 

success”.  

 

3.2.2 What are the benefits and challenges of using art to communicate science? 

 

1) Challenges 

 
When asked about their perception of the challenges of art-science collaborations, quite a few of 

the interviews discussed logistical challenges. 4 of the interviews, mentioned that completing the project 

was difficult because of a shortage of staff: “we are short staffed, we have plenty of money and not 

enough people”, “physical labor is always a problem”. A major challenge mentioned in nearly all of the 

interviews (11 out of 15) was that funding is difficult to get: “getting funding is especially for the artists 

time and talents”. While, one interview mentioned that having an output like art “makes the program 

more fundable”, 7 of the interviewees discussed how institutional support and sufficient funding was 

hard to get and creativity was crucial to making the program successful within budgets: “a big challenge 

is seeing the value in funding, there is not necessarily institutional support, so scientists or artists donate 

time”, “funding is always problematic and the teams are trying work on creative works with little”. Time 

constraints challenged the successful completion of the project, as was discussed by 7 interviewees. 

These interviews mentioned that in addition to money and labor, “time is always a problem”, and that 

time constraints and the “difficulties of balancing donated time” were something to be overcome. Two 

of the interviews mentioned that public engagement was difficult if marketing was not done well: 
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“marketing the product is a really crucial step to outreach and success that is often overlooked”,  “ I did 

not realize how much I would have to develop my marketing skills”.  

 

The most frequently challenge that came up in 14 of the interviews was the difficulty of 

adjusting to interdisciplinary differences. 4 artists talked about how communication was a challenge for 

them initially because scientists do not have the same lingo: “they communicate in a way and they do 

not always understand that they may not be making sense”, “it is a different way of communicating, they 

do not have the same lingo”. For three interviewees this communication barrier created a disconnect 

between scientists and artists in what was “perceived as important and valued in the project”. One 

interviewee mentioned the pairing of the disciplines can be hard: “it is difficult to initially figure out a 

way to combine the data with an emotional output”. Most of the artists (5 out of 7) also noted that there 

can be challenges with power in the collaboration, usually skewed towards the scientists: “there is 

usually a power struggle between science and art”. One artist noted that different pay grades can 

emphasize this and lead to scientists “limiting artistic vision”. Therefore, 4 artists noted the importance 

of needing to equalize the power for a more successful product: “they have to be on equal ground for a 

better product”. Three of the scientists also noted the challenges in funding artists who participate in 

these projects: “one problem is getting them funding and committing to the project without funding”. 

Over half of the scientists (8 out of 15) talked about how initial communication was also a challenge to 

overcome as artists tend to manage and organize projects differently: “it can be hard to work with the 

artists because the way they organize and manage projects is different”.  

 

2) Benefits 

 When asked about their perception of the benefits of art-science collaborations, around half (6 

out of 15) of the interviews pointed out that interdisciplinary collaboration increases the effectiveness of 

the product: “bringing other people in makes the project stronger since you get a better result, a better 

program”,  “nobody has a big enough hard drive on their own”. Over half of the interviews (9 out of 15) 

mentioned that a major benefit of collaborations was art’s unique ability to communicate in an effective 

way. They posited that it is so effective at reaching communities because it “transcends communication” 

and its “pictorial language communicates to people in a new way” that is relatable to all types of 

audiences. Moreover, one interview mentioned that art is “naturally a great storyteller, and if data 

doesn’t have a story, people won’t listen”. 6 interviews, of both scientists and artists, said that they were 
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drawn to art because it has the “capacity to alter thinking”. By encouraging new ways of looking at the 

environment and “expanding the public’s perception of what is going on”, art is “encouraging people to 

be more active”. One interview pointed out that this does not always mean people that originally 

disagreed, but that sometimes it is just “encouraging action from those who already do agree”.   

 

 One interview emphasized that art is such a powerful communication tool because it “can be 

extremely powerful in a way that isn’t rational and you can have a really strong feeling about it”. 2 

interviews talked about how art is “engaging a different part of the brain”, which means “it can reach 

people that do not usually respond to graphs”. 11 of the interviews discussed that a major benefit is that 

art wins people over because it plays an emotional role as something that can influence “strong cultural 

bonding that ties groups of people emotionally to an issue”. Art was also noted as being an effective tool 

for education by 3 interviewees because art makes “thinking visible” and “people remember images”.  

5 interviewees pointed out that working with artists and using art as a tool to communicate 

environmental concerns is really effective at “disarming people and removing the pressure and 

negativity” from what can be depressing topics. Art helps to “counter the hopelessness of the 

environmental crisis”, and “ gives people agency through using art as a positive outlet”.  

 

3.3 Survey Results  

 

Results from the survey were organized around the survey questions and how they informed 

relevant research questions. The data was visualized using histograms and the frequency and distribution 

of responses were recorded. Results were skewed towards the Education Sector, a majority of the 

responses (17 out of 23) were from the Education Sector, biasing results. This is a result of efforts to 

target the Education Sector because preliminary conversations with Reserve scientists showed that most 

collaborations occurred within the Education Sector of the Reserves. 

 

3.3.1 Where and why has art previously been used to communicate science within the Reserve? 

 

Twenty-three completed from 19 of the 29 National Reserves were used in analysis. Figure 2 

shows the distribution of responses within the National Estuarine Research Reserve, and the following 

table (1) shows the breakdown of Reserve sectors who responded and have participated in art-science 



Horton   Art as a Pathway | 2019 

 24 

collaboratives. The data is skewed toward the Education sector because they were targeted for response. 

This was due to preliminary conversations with the Reserve that implied most art-science collaborations 

occurred within the Education sector of Reserves.  

 

Survey Response by Reserve Sector  
Education  17 
Research  2 

Coastal Training  2 
Stewardship 1 

Table 1: Number of survey responses from each sector of the National Estuarine Research Reserves. 

 

 
Figure 2: Reserves that responded to the online Survey within the National Estuarine Research Reserve System. 

Map of the National Estuarine Research Reserve sourced from: https://coast.noaa.gov/nerrs/ 

 

To understand why the Reserves participated in collaborations, respondents were asked about the 

intended outcome. A majority of Reserves noted that it was to engage the general public (Figure 3). This 

was followed by communicating research and education (Figure 3). Nine of the fifteen Reserves who 

selected “to engage the community/general public” as the intended outcome also selected that the 

intention was to communicate research and to educate about the Reserve (Figure 3). These results are 

unsurprisingly similar to the response for who the targeted audience was (Figure 5). Over half of the  

responses noted that their targeted audience was the general public and their local community, followed 
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by students of various ages (Figure 5). This is not surprising seeing as a majority of art-science 

collaborations fall within the education sector.  

 

Respondents were also asked to briefly describe the project that they were involved with at the 

beginning of the survey in an open-ended question. These responses were coded for themes, the theme 

that appeared most often was the motivations behind the project. This provided further insight into why 

the project was conducted. The responses from this question were converted to numerical 

representations to create a visual depiction of why the project was implemented. The themes identified 

were: 1) To enhance visitor experience, 2) To visually depict the Reserve, 3) To visually represent data, 

4) To educate the community, and 5) As part of a program to host artists. Results were fairly evenly 

distributed among the 5 identified themes (Figure 4), but the majority of responses were split between 

using art as a visual representation of the Reserve and as an educational tool (either for community and 

school programs or visitors, Figure 4).  

 

 
Figure 3: Distribution and Frequency of responses of the intended outcome for art-science collaborations in the 

19 Reserves 
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Figure 4: Distribution and Frequency of responses of motivations for art-science collaborations in the 19 

Reserves 

 

 
Figure 5: Distribution and Frequency of responses of who was the targeted audience for art-science 

collaborations in the 19 Reserves 
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3.3.2 Current practices and processes that have been successfully used to implement a collaborative 

program 

 

In order to get a better understanding of what the process of art-science collaboratives look like 

and what Reserves have used to successfully complete collaborations to inform best practices,  the 

survey asked a series of logistical questions about the project. Largely, this information will inform the 

client deliverable and provide the Reserve with data about existing processes that have worked to 

communicate research and connect data with local communities. However, key themes that inform 

research objectives will be discussed in this paper. Responses are sorted by how they apply to the key 

themes identified in Results section 3.2.1: 1) project design, 2) measuring outcomes and success, and 3) 

key player’s roles. The following graphs show the frequency of responses to the series of logistical 

questions asked, showing what has been used by the Reserves to successfully complete art-science 

collaborations and to address aforementioned motivations and outcomes (Figures 6-14). The questions 

format for the following data was “check all that apply”. 

 

1) Project Design 

Over half of the responses addressed biodiversity issues in the program, followed by climate 

change, conservation, habitat loss, and marine debris (Figure 6). The question format was “check all that 

apply”, and all 23 responses selected more than one topic, perhaps because many topics of concern for 

Reserves are multifaceted. While there was a wide variety of art used in these programs to visualize 

environmental concerns, a majority of the Reserves used more well-known mediums like painting, 

drawing, sculpting, photography, and poetry (Figure 7). Reserves have used more unique mediums, but 

it was not seen repeated amongst multiple Reserves. Sound was used as a medium in only one Reserve, 

but there were four responses from each sector and 3 of those discussed the same project, which explains 

the higher number (Figure 7).  
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Figure 6: Distribution and Frequency of responses of the environmental topics art-science collaborations 

addressed in the 19 Reserves 

 

 
Figure 7: Distribution and Frequency of responses for art type used in art-science collaborations in the 19 

Reserves 
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In preliminary conversations with professionals, partnerships were identified as crucial to 

collaborations. Therefore, the survey asked a series of  “check all that apply” questions, with the 

opportunity to add responses through and open-ended “other” option. If options were added through the 

“other” category, they were also visualized alongside other responses. These questions asked about the 

partnerships that supported Reserve art-science collaborations. Most Reserves partnered with NGOs or 

community organizations, schools (University or K-12), and Federal and State Governments (Figure 8). 

Staff from partner organizations were important labor sources for the projects, making up almost half of 

the responses following actual Reserve staff (Figure 9). Volunteers and local students were also 

important labor sources for the project. However, it is surprising that artists were not ranked higher in 

responses, seeing as they are crucial to the creation of the product (Figure 9). Funding was also crucial 

to the successful completion of collaborations, and Reserve programs responded that a little under half 

of their funding came from Federal Grants, followed by support from local/regional foundations (Figure 

10).  

 

 
Figure 8: Distribution and Frequency of responses of partner organizations of art-science collaborations in the 19 

Reserves 
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Figure 9: Distribution and Frequency of responses of labor sources used in art-science collaborations in the 19 

Reserves 

 

 
Figure 10: Distribution and Frequency of responses of funding sources used in art-science collaborations in the 

19 Reserves 
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2) Measuring outcomes and success  

While all collaborative programs covered by the survey were successfully completed, project 

success can be measured in a few ways and is really important for funders and for understanding what 

works well and engages the most people. Therefore, the survey sought to gain insight into how Reserves 

are currently measuring outcomes. The question format, was again, “check all that apply”. Respondents 

had the opportunity to add responses through and open-ended “other” response. If options were added 

through the “other” category, they were also visualized alongside other responses. These questions 

asked about how outcomes and success were measured. The most frequent measure of success used by 

the 19 Reserves in art-science programs was audience feedback (8 out of 23, Figure 11), followed by 

participation numbers (6 out of 23, Figure 11). While there were a few Reserves who measured success 

in more unique ways like formative assessments or positive comments, 12 of the 23 respondents noted 

that outcomes were either not measured or they were unsure (Figure 11). This is not surprising as 

preliminary conversations with Reserves discussed a difficulty in measuring outcomes in a valuable way 

that gets high response and is not resource intense.  

 

 
Figure 11: Distribution and Frequency of responses of labor sources used in art-science collaborations in the 19 

Reserves 
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3) Key player’s roles 

In thinking about the dynamics that make collaborations successful, understanding how 

collaborators engaged with each other and with the target community was really important. Therefore, 

the survey asked respondents if the key players were directly engaged with each other and the audience 

(Figures 12-14). The survey asked a series of questions to understand if key players were directly 

engaged.  If respondents answered yes, they were encouraged to provide more information about what 

that engagement looked like through an open-ended question. These responses were read for themes and 

then converted to numerical responses that corresponded to the theme the response fit into. 13 out of 23 

respondents said that scientists were directly engaging with artists in some form. A majority of the 23 

chose not to describe this engagement further (Figure 12). The most involved form of engagement was 

that scientists worked directly with artists to assist in data collection and help them to analyze research 

they were working to depict in their art (5 out of 13, Figure 12)). Other forms of engagement were more 

hands off and scientists gave artists an initial tour and introduction to the Reserve (2 out of 13, figure 

12). For one Reserve engagement with the scientists was really involved because the artist was also the 

Reserve Manager.  

 

18 out of 23 respondents said that scientists were directly engaging with the community in some 

form. A majority of the 23 chose not to describe this engagement further (Figure 13). The most involved 

form of engagement was that scientists taught a workshop with the program partners (2 out of 18, Figure 

13). Most other forms of engagement were more hands off and usually were tied to scientists 

participating in a public talk or panel (4 of the 18, Figure 13). For one, the scientists attended the art 

opening and spoke with the community there (Figure 13). 8 out of 23 respondents said that artists 

engaged directly with the community/public during the program (Figure 14). Once again, a majority of 

respondents chose not to further explain this engagement. Like scientists, a large portion of the 

engagement was through public presentations (3 of the 8, Figure 14). Some interacted with the 

community through the art opening (2 of the 8), and 1 participated in a science march with the 

community after the product was completed (Figure 14).  
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Figure 12: Distribution and Frequency of responses about scientists engagement with artists during art-science 

collaborations in the 19 Reserves 

 

 
Figure 13: Distribution and Frequency of responses about scientists engagement with the community during art-

science collaborations in the 19 Reserves 
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Figure 14: Distribution and Frequency of responses about artists engagement with the public during art-science 

collaborations in the 19 Reserves 
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perceive any challenges (Figure 15).  
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different context, Increased audience understanding of a scientific topic, or discussion on more 

politically sensitive topics, Figure 16). In addition, a majority selected responses related to engaging the 

public positively with the Reserve (e.g. good public relations, increasing stewardship interest, and 

engaging new audiences, Figure 16).  

 

 
Figure 15: Distribution and Frequency of responses to perceived challenges of art-science collaborations in the 

19 Reserves 

 

 
Figure 16: Distribution and Frequency of responses to perceived benefits of art-science collaborations in the 19 

Reserves 
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When respondents were asked to reflect on the challenges and benefits they associated with the 

project and state whether they would utilize this type of program again, a large majority responded that 

the benefits outweighed the challenges and they would definitely participate in future collaborations 

(Figure 17). Only 2 out of 23 were neutral and 1 was less likely to participate again (Figure 17). This 

Reserve explained that they experienced challenges encouraging participation from the targeted 

audience (veterans), and received a low turnout for the program. None of the 23 selected that they would 

never participate in a project like this again (Figure 17). Respondents were not only interested in 

participating in future art-science collaborations, but were also interested in a more permanent form of 

collaboration between the disciplines through an artist-in-residence program similar to the National Park 

Services (Figure 18). Over 80% were interested or extremely interested in a similar program within the 

NERRS, and the remaining 4 respondents were neutral (Figure 18).  

 

 
 

Figure 17: Distribution and Frequency of responses to interest in participating in art-science collaborations in the 

future 
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Figure 18: Distribution and Frequency of responses to interest in an artist-in-residence program for the NERRS 

 

IV. Discussion and Synthesis 

4.1 Where and why the Reserve has used art to communicate science. 
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TRNERR (results section 3.2 and 3.3.1). There is a lot of potential for the future of art-science 

collaborations within the Reserve System. Most of the Reserves have had successful and positive 
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Figure 19: Reserves that have participated in some form of art-science collaborative within the National 

Estuarine Research Reserve System (survey responses = red, interview responses = blue). Map of the National 

Estuarine Research Reserve sourced from: https://coast.noaa.gov/nerrs/ 

 

4.2 Best practices used to successfully complete art and science collaboratives. 

4.2.1 Project Design 

 

Environmental topics addressed through art-science collaborations have been quite diverse and 

multifaceted5 (results 3.2.1, 3.3.2). Reflected through literature, discussions with professionals, and 

survey responses is that the most influential topics are those that impact the local community or can 

localize global concerns in a place-based way6 (results sections 3.2.1, 3.3.2). Although art facilitates 

emotional connection, art-science collaborations can especially increase people’s relationship to their 

natural environment if emotional connection to the local environment exists in some form2,5. 

 

Funding projects is crucial to collaborations being successfully implemented. Through both the 

survey and interview results, it was seen that the majority of funds come from grants for art-science 

collaborative projects. Reserves mainly rely on Federal Grants for funding, and as interviewees 

mentioned, this is usually tied to a bigger project (results sections 3.2.1). However, as was emphasized 

in interviews and supported by Reserve responses in the survey, partnerships are crucial to funding as 

well (results sections 3.2.1, 3.3.2).  In interviews, professionals mentioned that giving significant time 
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and funding to the collaborative thinking process initially leads to better products because partnerships 

are so vital (results sections 3.2.1). Funds can be gathered through partnerships with local or regional 

foundations and organizations, and partnerships with schools and groups who already have art supplies 

can also lessen the budget burden (results sections 3.2.1, 3.3.2). Interviews mentioned that reliance on 

donated time from all key players increased success under constricting budgets and sometimes a “lack of 

institutional support” for funding (results sections 3.2.1, 3.3.2). Partnerships with committed people and 

organizations are not only valuable to reducing funding stress, but also help manage time constraints by 

increasing labor sources. Most projects happen within a short timeframe and professionals have noted 

that around 3-4 months for a one-off, and around a year for longer term projects has worked well for 

successful completion of projects (results 3.2.1, 3.3.2). Flexibility is key to the project’s success though, 

since timelines can change, and collaborations are always experimental initially21 (results 3.2.1).  

 

4.2.2 Role of key players 

 

While the logistical design of projects is important to success, partnerships are arguably more 

important as they can make or break success21 (results sections 3.2.1, 3.3.2). Therefore, understanding 

what works well for key players and the role that they play in collaborations can influence the final 

product of programs. Although the final product of art-science collaborations is always a piece that 

represents both the science and the arts, only a handful of the projects analyzed in interviews and the 

survey were truly collaborative from the start, with scientists and artists working together from the 

outset (results sections 3.2.1, 3.3.2). This is due to a couple of factors, the first being that direct 

engagement is dependent on collaborators’ personalities and their chemistry with their partners21 (results 

sections 3.2.1). Secondly, there are often intermediary coordinators in the project that help manage 

things for both artists and scientists (results sections 3.2.1). This is not necessarily a bad thing, although 

it is arguable that direct engagement be incorporated from both sides during the “ideas phase” of the 

project21 (results sections 3.2.1).  

 

It is important to identify the role the community or public is meant to play in the collaboration as 

well. Whether they are directly involved throughout the process as volunteers or creating the art 

alongside artists, they are (as a whole or subset) the target of art-science communication7 (results 

sections 3.2.1, 3.3.2). Interviewees discussed how projects that involved the community throughout the 
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process have meaningful and powerful responses from the community (results sections 3.2.1). However, 

when determining if involving the community is the best design, coordinators need to think about the 

difficulties that come along with this. For example, the necessity to implement stricter guidelines and 

manage the groups (results sections 3.2.1). While direct engagement throughout the collaboration 

process is really varied and project dependent (results sections 3.2.1, 3.3.2), the most enthusiastic about 

their project’s success were those that felt a strong sense of collaborative engagement from the scientists 

(results section 3.2.1)  

 

4.2.3 Measuring outcomes and success  

 

Despite all projects analyzed having been successfully completed, and all of the interviewees 

stating they believed their project to be a success, funders and programmers value demonstrations of 

success through some form of evaluation57. However, measuring success was seen as resource intensive 

and difficult and although a majority of interviews and survey respondents measured success through 

things like informal feedback and participation numbers (results sections 3.2.1, 3.3.2), measuring 

success was not consistent and usually did not evaluate improved learning. Across data, the desire for 

measuring success more fully is noted (results sections 3.2.1). While this increased use of success 

metrics is valuable and interesting, artists point out that the goal of art is not necessarily to have 

measured success, but to create some sort of connection with the output, which can easily be measured 

by informal feedback (results sections 3.2.1). Value does not always need to be measured (results 

sections 3.2.1). However, increasingly embedding things like formative and follow-up assessments 

would increase art-science programs’ ability to measure outcomes. Additionally, this could increase 

capacity of programs like the NERRS to incorporate these programs and encourage more funding 

opportunities. 

 

4.3 Benefits and challenges of using art to communicate science 

4.3.1 Challenges 

 

 Two themes common challenges appeared in both the interviews and the survey with respect to 

art-science collaborations. The first was related to the logistics of the project, mainly measuring success, 

funding, and staff shortages (results sections 3.2.3, 3.3.3). These challenges were frequently present 
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among programmatic work, and also noted in the literature31. This seemed to be especially present for 

the Reserves who participated in interviews and responded to the survey. However, as discussed in 

section 4.2.1, some of these challenges can be overcome with partnerships and being creative with 

resources (results 3.2.3). The second common theme, which was mainly emphasized in interviews, was 

overcoming interdisciplinary challenges (results 3.2.3). This may have been seen less within survey 

results because these challenges were emphasized more by artists (results 3.2.3). Within this, artists and 

scientists both struggled with initial communication barriers that are present due to different 

communication styles among disciplines. Additionally, there is usually a power inequity within artist-

scientist collaborations that is tipped towards scientists.  Perhaps because scientists are usually a part of 

organizations that fund this work and are hiring the artist. Despite this, artists note that the inequity in 

power can lead to limitations in artistic vision and product potential (results 3.2.3). In considering future 

projects and the role each collaborator will play, it is important to understand inequities and try to 

equalize power for better results (results 3.2.3). It is important to note that even with the aforementioned 

challenges, the majority of respondents across both survey responses and interviews had positive 

experiences with collaborations and did not perceive challenges to be a barrier to future projects (results 

3.2.1, 3.3.3) 

 

4.3.2 Benefits  

 

 The literature review identified and described a series of key benefits that art-science 

collaborations provide to science communication and engagement. Individuals and Reserves that 

participated in art-science collaborations provided insights that were consistent with the themes found in 

the literature and case study review, and gave important insights into benefits from their own 

experiences. Quite a few participants in art-science collaborations noted that art is powerful in 

communicating science and engaging communities because it engages with people emotionally and 

people can have strong feelings about the art and the data when art is used as a medium (results 3.1.1, 

3.2.3). Art also is intrinsically cultural and can strongly influence cultural bonding around environmental 

issues, connecting people to each other and to the issue (results 3.2.3). Additionally, art has the power to 

engage with positive emotions, which disarms people and allows them to engage in a more productive 

way with heavy and depressing topics.  
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 Similar to findings from the literature and case study review, participants felt that art is an 

effective tool for communicating science and this leads to a variety of benefits for researchers trying to 

engage with communities (results 3.1.1, 3.2.3, 3.3.3). Art is a great storyteller that allows people to see 

concepts in a new light, which changes individual’s perceptions of their environment and issues of 

concern (results 3.1.1, 3.2.3, 3.3.3). Additionally, by communicating with people in a different way, art 

leads to increased understanding of topics, and increases the audience retention of information because 

people remember images (results 3.1.1, 3.2.3, 3.3.3). Art’s ability to change people’s perceptions and 

relationship to concepts through its unique form of communication and engagement encourages people 

to be more active in stewardship (results 3.1.1, 3.2.3, 3.3.3).   

 

 Themes and insights into the benefits of art-science collaborations were given by interview and 

survey participants that were not mentioned in the literature review. For Reserves, they mentioned that 

using art to communicate science was an effective tool for increasing positive perceptions with the 

community and engaging new audiences. In other words, using art to communicate science were a good 

form of public relations for the Reserve. The general public likes images, and art-science collaborations 

are effective marketing tools. Not only does the art itself increase engagement, but increased visibility of 

the Reserve through better public relations can also increase community engagement. In interviews and 

survey responses, participants also pointed out that interdisciplinary collaborations improve the 

effectiveness of program products because they increase resource capacity and ideas.  

 

4.4 Client Deliverable 

 

The information gathered through these three methodological approaches were summarized and 

presented in the format of an infographic and as a series of training materials that included important 

findings and information. The deliverable will be presented to the client and the NERR System as a 

whole. The literature review, case studies, and funding information was summarized in the client 

deliverable to address the research questions the client determined as informative to potential future 

collaborators (Appendix D.1). Ten of the most relevant case studies were summarized for the client and 

a list of links to other potential case studies of interest are included in the deliverable. Information of 

interest determined by the research questions that was found in the analysis of the informational 

interviews and the survey responses are also included in the deliverables that the 29 Estuarine Reserves 
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within the NERRS can access. Also included in the deliverable as an informative tool for the 29 

Reserves that provides potential funding sources for future NERR art-science collaboratives. These 

sources were found through a web search and through consultation with the key actors from the 

informational interviews.  

 

V. Conclusions 

 

 Studies have found that scientists understand the benefits and potential for using art to 

communicate science and increase engagement in environmental stewardship among the general 

public1,17. Although interdisciplinary collaborations between the arts and sciences are growing, these 

studies have shown that only a minority of scientists consider using them1,17. However, in order to 

increase stewardship and care among the public, collaborations with the humanities are necessary10.  

Resistance from scientists to collaborate with artists is perhaps due to the limited research available that 

shows the benefits of using art to increase comprehension and retention of science, as most research is 

self-reported1. As shown in this study and others, formal assessment is difficult, and little has been done 

for art-science programs. Additionally, funding does not have strong institutional support and is still 

operating at a small-scale17.  Further research and assessment is needed in order to further art-science 

collaborations’ impact, and more institutional support and funding opportunities are needed to 

encourage participation.  

 

As the literature and insights from participants have shown, art-science collaborations can play 

an important role in communication and increase action in stewardship locally and globally. Therefore, 

expanding upon existing forms of art-science collaborations in the NERRS to nationally leverage art 

could help the NERR System to increase stewardship and local engagement among communities. In 

contrast to the some studies findings that show scientists are resistant to collaborating with artists, 

Reserve scientists and employees are extremely interested in participating in more art-science 

collaborations, and potentially in creating an artist-in-residence program at Research Reserves. By 

providing the Reserves with increased national support, art-science collaborations could make a 

significant impact on stewardship and engagement within reserve communities. 
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VII. Appendix  
 
A.1 Interest Statement for Interviews 
	 
Hi ___________, 
 
My name is Savannah Horton. I am a Duke University graduate student and an intern this summer working with the National 
Estuarine Research Reserve System in the U.S. to better leverage art to communicate science and engage communities in 
environmental conservation.  
 
My work will have three main components: 
 

1. We are focusing on a system-wide assessment to determine where art has been used to communicate science 
and/or engage the public 
2. We are gathering information about the benefits and best practices of art-science collaborations. 
3. Organizing an art-science collaborative event in partnership with the North Carolina Estuarine Research Reserve.  

 
 
However, we want to do informal informational interviews with artists and scientists who have studied or done this to talk 
about the process of collaboration and using science in art.  I'd love to talk with you to discuss your experience and work. If 
you would be open to having a conversation with me sometime, please give me a call or email me to set up a time to chat!  
My email is: , My cell number is:  
 
Thank you for your help! 
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A.2 Interview Guide: 
• Give a brief intro to internship 
• Why you are talking to them today  
• What this information will be used for 

Introduction 

• Ask for a brief description of  their experience with art-science collaboratives? 
• Describe the project(s) 
• Your role in the project(s) 

• How/why did they become interested in art-science collaboratives? 
 
Process and Details 

• Can you tell me how and why the project was selected? (if involved in more than one project, choose your favorite) 
Artists role 

• How was the artist selected? 
• Did the artist have any previous affiliation with the research/science? 
• Did the artist play a role in selecting the topic? 
• Did the artist play a role in deciding on the final format of the project (painting, event…)? Or was the final format determined 

before involving the artist? 
Scientists role 

• Did any researchers/ scientists play a direct role in this collaboration? 
• If specific research or science was communicated throughout the process, how was the research chosen? 

Community role 
• Was the community directly engaged in this collaboration? Was it Interactive? 
• What was the community response to the project? 
• Do you think the project made an impact on participants?  

Budget 
• Who funded the project? 
• What was the budget? 
• How was the budget determined? 
• Were you able to stick to the budget? 
• Do you have any advice for getting funding for an art-science collaboration? 

Timeline 
• What was the time frame for the collaboration? 
• At what point in the process was the completion date determined? 
• Were you able to follow the timeline for the project? 
• How long would you recommend for ca collaboration like this to be completed successfully? 

Measuring Success 
• Did you use specific metrics of success? If so, what was it?  
• Do you think the metric of success accurately captured project impact? 
• Would you consider the project a success?  

Lessons Learned 

• What were your main takeaways from collaborating outside your discipline? 
• What were the challenges of a collaboration like this?  
• What were the benefits to collaborating outside your discipline? 
• Do you believe there were benefits to the…  

• Community? To individuals? 
• To the science? 
• To the artist? 
• If so, what were they? 

• Do you have any general advice for those wishing to do something like this?  
• Would you partake in an art-science collaboration like this again? Why or why no 
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A.3 Consent for Interview 

 
Thank you for taking time to speak with me about your experience with art-science collaboratives. My name is 
Savannah Horton and I am a graduate student from Duke University working with the Tijuana Estuarine 
Research Reserve in California to better leverage art to communicate science and engage communities in 
environmental conservation. The project I am partnering with them on is threefold: 
 

1. We are focusing on a system-wide assessment to determine where art has been used to communicate 
science and/or engage the public 
2. We are gathering information about the benefits and best practices of art-science collaborations. 
3. Organizing an art-science collaborative event in partnership with the North Carolina Estuarine 
Research Reserve.  

 
We are hoping this can lead to a better understanding of how this has been used in the Reserve system and can be 
used more effectively. The interviews will be used to help inform us about that process professionals have found 
to work best, and what they believe the benefits to be. I will include your information in my personal notes, but no 
identifiable information will be included in any published work unless you wish to be referenced.  
 
If you are willing to continue our conversation it will last about 30-45 minutes, but can go as long as you wish and 
will address the aforementioned topics. Do you have any questions for me at this time?  
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B.1 Survey Consent and Questions  
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