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Abstract. This paper will discuss how the confluence between community-
based participatory research and user-based information design is an effective
approach to researching science in the public interest as seen through their
application to the conceptual and methodological frameworks of two projects by
the transdisciplinary research team D•VERSE (Detroit Integrated Vision for
Environmental Research through Science and Engagement). D•VERSE, an
example of team science, tackles complex scientific issues with community
residents working as “citizen scientists.” One project assesses the health and
environmental effects on residents of the southwest Detroit community of
storing open piles of petcoke (a by-product of the shale oil fracking process) on
the Detroit River; the second project focuses on the impact of air quality on
asthmatic Detroit teenagers. This paper will also suggest a set of guidelines that
other researchers might use to create research clusters similar to D•VERSE.
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1 Introduction

Communication – that is, how people interact with one another and exchange ideas,
feelings, and facts – is at the heart of the disciplines of rhetoric and information design.
These disciplines employ community-based participatory research (CBPR) and
user-centered design (UCD) to explore the ways people interact with one another and
use information. This exploration then shapes the development of materials that enable
people to easily get and share information that is important and affects their lives. This
focus on communication is especially important for the practice of team science where
collaboration and community engagement are at the nexus of research efforts. This
paper will discuss how community-based participatory research and user-centered (also
known as user-based) design are working together to contribute to the conceptual and
methodological frameworks of two research projects of a transdisciplinary research
team in Detroit, Michigan.
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2 Team Science

The science of team science (SciTS) is a transdisciplinary approach to research borne
out of increased interest in the early 1990s toward understanding how the intersec-
tionality of different disciplinary frameworks could enhance research outcomes. Team
science (TS) as a practice of SciTS are research initiatives designed to answer research
questions among a group of interested scholars. The concept of TS involves (1) tack-
ling complex scientific issues, such as public health and environmental problems,
(2) the collaboration of individuals from a variety of disciplinary backgrounds and (3) a
commitment to cross-disciplinary research. Of the three kinds of cross-disciplinary
approaches to TS – multidisciplinarity, interdisciplinarity, and transdisciplinarity –

transdisciplinarity might be the best heuristic for engaging with the complexity of
scientific issues, especially as they intersect with community engagement. Specifically,
transdiciplinarity “is a process in which team members representing different fields
work together over extended periods of time to develop shared conceptual and
methodological frameworks that not only integrate but also transcend their respective
disciplinary perspectives” [15, p. S79].

For two years, a group of researchers from divergent disciplinary backgrounds have
organized into a research cluster based on the TS model. The work of the Detroit
Integrated Vision for Environmental Research through Science and Engagement
(D•VERSE) group at Wayne State University has been to engage in transdisciplinary
research at the intersection of health, environmental, and communication sciences.
Team members include an information designer, a rhetorician, a proteomics biological
scientist, a civil and environmental engineer, and an environmental lawyer. What has
held D•VERSE together as a research cluster is our embrace of community-based
participatory research and user-centered design as a guides for how to approach sci-
entific research about the environment.

Critiques of how to approach or “do” scientific research have been large and diffuse
across the humanities and social sciences, particularly from feminism and theories of
environmental justice. Much of these assessments have centered on issues of cognitive
and participatory justice. Scholars have demurred both the primacy that scientific
communities afford to certain methods and languages as means of making knowledge,
and the purposes that drive scientific inquiry. For local communities residents impacted
by decades of environmental injustice, scientific research follows a model of science
for the sake of science or research for the sake of research. This means that most
scientific research is not necessarily driven from the ground up, but instead from the
perspective of businesses for the purpose of profit. While there are certainly spin-offs
stemming from scientific research, science rarely runs on a non-profit model.

Feminist critics of science like Evelyn Fox Keller [4] and Vandana Shiva [12] have
articulated that doing science necessitates adoption and implementation of disciplinary
languages and syntactical structures in writing that disallow local communities to par-
ticipate before, during, and after the conduction of scientific research. In this regard,
feminist critiques of science have questioned access in scientific communities by
pointing to either the relative absence of women and people of color scientists or the lack
of interaction between scientific communities and residential communities. Genuine
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participation in science requires a mutual sharing of both a language and conceptual
universe [4, p. 136]. This requires that researchers not only translate their research into
forms that local communities can more readily understand but also make community
members a part of the research planning, implementation, and dissemination phases.
This follows closely with community activists’ demands that the scientific epistemology
of research projects be written within the vernacular of the people [18, p. 84]. Yet, it is
not enough that science translate its work into local vernaculars. The largest problem
with science and knowledge is the lack of collaboration between researchers and local
communities. And any approach to research with the goal of reforming science must
make people the center of research.

The D•VERSE team makes research decisions together with community residents.
We are dedicated to a paradigm of scientific research that empowers people to make
changes that can improve their health and environment; our choice of research projects
reflects that commitment. This is a multifaceted goal that can only be tackled with
researchers from a variety of disciplines from the sciences and humanities who are
willing to create new ways to work together in addressing links between health and the
environment. We approach research from the perspective of performing interwoven
tasks – what each of us does, impacts the other’s task – and this sense of operating via
consensus and collaboration is at the heart of our work with our community partners to
develop new ways of engaging with researchers that include successful communication
materials. The trust between members of the research team extends to the trust we
strive to engender with our research partners, an important aspect of CBPR as cited by
Wallerstein and Duran in their paper, “Community-Based Participatory Research
Contributions to Intervention Research: The Intersection of Science and Practice to
Improve Health Equity” [19]. That we function as a transdisciplinary team aligns well
with our use of the participatory design process, which, according to Henry Sanoff, “is
an attitude about a force for change in the creation and management of environments
for people” [11, p. 213].

3 CBPR and UCD Together: Similarities and Differences

The confluence of community-based participatory research and user-centered infor-
mation design strategies is essential to our two concurrent projects in which community
residents work as “citizen scientists” with our team. One project assesses the health and
environmental effects on residents of the southwest Detroit community of storing open
piles of petcoke (a by-product of the shale oil fracking process) on the banks of the
Detroit River. The second project, in conjunction with asthma researchers from the
Henry Ford Health System (HFHS), focuses on the impact of air quality on asthmatic
Detroit teenagers. In the petcoke project, community-based research will guide the
direction of the research – e.g., what are the concerns of the community about petcoke?
what do they want to know and do about it? – and user-centered design will be central to
developing communication materials/media used by these citizen scientists. For the air
quality project, teens will volunteer to use a personal air monitor and keep an asthma
symptom diary. We will then work with them to evaluate the data from the air monitors
and the diaries and brainstorm ideas for developing a digital asthma symptom diary.
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Through the development of their concepts and prototypes for the diary, the teens will be
practicing participatory design or co-design (which embodies CBPR practice).

The value of user-centered design is summed up by Romedi Passini in his chapter
for the book, Information Design, “design solutions can only be properly assessed by
potential users – regardless of how confident the designer is about the proposed design”
[9, p. 86]. The value of participatory design is summed by Henry Sanoff in the 2007
special issue on participatory design in the journal Design Studies:

[Participatory design’s] strength lies in being a movement that cuts across traditional profes-
sional boundaries and cultures. Its roots lie in the ideals of a participatory democracy where
collective decision-making is highly decentralised throughout all sectors of society, so that all
individuals learn participatory skills and can effectively participate in various ways in the
making of all decisions that affect them… [It is] to engage people in meaningful and purposive
adaptation and change to their daily environment… [and] refers to an approach that is rooted in
trust, intimacy, and consensus [11, pp. 213–214].

Liem and Sanders [5] describe the difference between three perspectives of design
research and practice – user-centered, design-led, and co-creation – in a map showing the
intersecting axes of approach and mindset. The opposing approaches are research-led
and design-led; the opposing mindsets are the “expert mindset where users are seen as
subjects (reactive informers)” and the “participatory mindset where users are seen as
partners (active co-creators).”User-centered design “should start from a deep analysis of
users needs” – human factors and ergonomics, usability testing, etc. The design-led
approach looks at the socio-cultural context to explore the values and interactive patterns
of users’ behavior. In both of these approaches exhibit the expert mindset, designers and
research design for people. Co-creation, however, focuses on designing with people
using the participatory mindset in which people are seen “as the experts in the domains of
experience such as living, learning, working, etc.” [5, pp. 74–75].

Our research utilizes both user-centered research and CBPR in the development of
materials for and with the participants in our studies, but the sequence of emphasis in
the use of each approach for each project is different. In the asthma study, the research
focus is defined by the research team based on user-centered research but the result or
“product” of the research is to be developed through CBPR and participatory design.
The teens will be collecting and analyzing data, and then determining how (and what)
to communicate about the data based their experiences as citizen scientists. In the
petcoke study, the research focus is to be defined through CBPR so that the product can
be developed to enable people to do their work as citizen scientists; their work as
citizen scientists in turn will circle back to CBPR as their data will continue to redefine
the research foci. In both projects, the intersection of knowledge of the participants and
researchers is the key to the success of the projects – a merging of experiences and
knowledge that negotiates the scale of co-creation to meet the information needs of the
people in each situation.

For the asthma study, teens will be randomly given one of three different asthma
diaries: two existing diaries and one designed by the research team, based on our HFHS
colleagues’ previous research experiences. The teens will keep their diaries for 2 weeks
in conjunction with using their personal air monitor (PM). The study will enroll 60
teens, of which 10 will attend 2 special workshop sessions. In the first one, teens would
provide researchers with an “ideal” sense of what a PM should be like and how best to
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use it (and incorporate into their lives) and in the second workshop, the teens would
take the data from the PM and discuss how to best visualize the data and use their
experiences with the PM and diaries to design a digital asthma diary. All 60 teens
would complete their diary, use the PM, and turn in their diaries and PMs to provide the
researchers with data for the project. Diary usage plus feedback from the teens on the
pros and cons of these diaries can be applied to the design of the digital asthma diary.

For the petcoke study, the researchers are conducting focus groups to find out the
environmental and health concerns of residents of the southwest Detroit neighbor
nearest where the petcoke piles were stored. When we know the issues and information
that the residents want addressed and how people in the neighborhood get and
exchange information with one another, we will then design materials that match the
residents’ communication modes and their information needs. Using these materials,
the residents can then collect data and decide how to visualize and disseminate the data.

In both projects, our research will involve what Maureen Mackenzie-Taylor refers
to as participatory conversations “to explore the situation, to open up ways of moving
forward, to test the way we present information” [7]. These conversations embody the
generalized principles of respect and conversation listed by David Sless in his article,
“Usable Medicines Information,” [13]. These principles are essential to the information
design process (as visualized by Sless in the Fig. 1 diagram) and will be central to the
development of our materials, regardless of whether their emphasis is user-centered
design or co-creation.

One of the important aspects of scoping focuses on learning about what people
need or want to know or do and the tasks people perform to get that information;
benchmarking evaluates their current means to get that information; prototyping pro-
duces new designs to accomplish the information tasks; testing/refining evaluates the
success of the new designs.

“…information design uses practices which both implicitly and explicitly grow out of respect of
people in their own settings… The successful design comes through conversation. Indeed if one
looks at exactly what is going on during most of these activities – scoping, benchmarking, etc. –
then conversation is at its very heart.” [13, pp. 67–68]

Fig. 1. Diagram of the information design process from “Measuring Information Design,” by
David Sless [14, p. 253]. Sless has subsequently changed the term “benchmarking” to “baseline
measurement” in the diagram; see his article Design or “Design” – Envisioning a Future Design
Education. Visible Language, vol. 4.6, no. 1/2, 54−65 (2012). Image courtesy of David Sless.
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4 CBPR and UCD in Science and Design

The use of CBPR has been shown to be of value in the development of interventions to
improve healthcare, especially as a way to meet the healthcare needs of underserved
communities [2, 17, 19]. Wallerstein and Duran cite CBPR “as an orientation and
overall approach, which equalizes power relationships between academic and com-
munity research partners” that “can create an environment that fosters trust more
easily” in changing “the research discourse from ‘research subject’ to ‘research par-
ticipant,’ of from ‘targeting community members’ to ‘engaging community partners’”
[19, p. S42]. They list six challenges to health interventions in translational research
and discuss how CBPR can address those challenges:

• External validity – ask “for community health priorities” and collaborate on the
development or adaption health initiatives.

• Evidence – integrate “culturally based evidence, practice-based evidence, and
indigenous research methodologies, which support community knowledge.”

• Language – change the “research discourse” by addressing participants as partners
rather than subjects

• Business as usual – shift the research emphasis from university control of resources,
budgets, and processes to one that focuses on “the participation of community-level
investigators throughout all research process, with sufficient participatory structures
and collaborative decision making.”

• Sustainability – “strengthen the community ownership and the use of data.”
• Lack of trust – create “policies that equalize power… [and understand that] trust is

always dynamic and requires continual nurturing through dialogue and reflection.”
[19, pp. S40–S42]

Cashman et al. note the practice of “consensus decision-making” and the use and
valuation of “experiential learning” to “support community-university engagement”
especially to maintain the “commitment to the time and interactive process required…
in arriving at outcomes” [2, p. 1414]. Trickett et al. advocates an “ecological/systems
framework” for community interventions that see “health matters as embedded in a
community ecology that includes local conditions, community history, relations among
subgroups and groups external to the community (including relationships with com-
munity intervention researchers), local resources, networks and their social capital, and
effects of macrosystem policies on community life” [17, p. 1411]. The result of this
understanding is the “creation of empowering collaborative processes where by com-
munity members play key roles as members of the intervention team” [17, p. 1412].

The above research dovetails with the approaches of user-centered design and
participatory design. Employing UCD and CBPR, especially within the same research
project, have shown to be important tools in the development of healthcare information
design. The April 2015 special issue of Visible Language: The Journal of Visual
Communication Research was devoted to design and health. Of the ten articles in this
issue, five discussed the use of both user-centered and participatory design/codesigning
in the development of designs that addressed specific health issues. (The other five used
UCD practices, although one focused on the experiences of physicians interacting with
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their patients.) In fact, Audrey Bennett’s article credited the use of CBPR in healthcare
communication in her decision to use CBPR in developing the visual identity (logo) for
a HIV prevention program in Ghana that advocates the use of condoms [1]. Zender and
Plate discussed the use of co-design in the development of a poster for the program,
Hygiene Matters, to reduce infection by parasitic worms in the Central African Republic
[20]. CBPR was also essential in the design work described in the other articles: hospice
care in Glasgow, Scotland [16]; IT healthcare simulations for nursing students at the
university of Tennessee, Knoxville [6]; and the “Daily Situational Awareness Brief”
used by healthcare emergency managers in Indianapolis, Indiana [8]. In all these cases,
the interaction with all stakeholders – but especially with those who would most directly
be interacting with or affected by the designs – was essential for designs that are integral
to researching science in the public interest.

5 CBPR and UCD in D•VERSE Research

Our projects incorporate Wallerstein and Duran’s challenges, are built around com-
munity engagement, and see health issues within the context of the experience of life
within the local community. They also bear hallmarks of the research documented in
Visible Language. In both of our studies, we are working with underserved commu-
nities and see CBPR and UCD as keys to our research.

For the petcoke study, we worked with Wayne State University community rela-
tions representatives who guided us in how to best engage (and maintain engagement)
with community members. By identifying and meeting first with community leaders in
a focus group, we were able to get an initial sense of the community’s immediate and
future concerns about contact with petcoke dust and particles (e.g., breathing it, on
skin, how to protect yourself, how to prevent additional open-air petcoke storage in the
Detroit area, etc.) and of how community members think about the role of science in
their lives and in society (e.g., their knowledge of the scientific process, how they view
scientists). Community leaders then identified and invited residents to attend focus
groups with us; these focus groups are in process. Our team has also tested the chemical
“signature” of petcoke (i.e., what it is made of). The results of these focus groups will
ultimately enable us to develop communication materials that enable researchers and
community to (1) collaboratively decide on what aspect(s) of dealing with petcoke is
most beneficial for residents and scientists and (2) collect and share data about the
nature of petcoke and its impact on individuals and communities (Fig. 2).

For the Detroit teen asthma study, a university community relations representative is
part of the research team as well as asthma researchers from the Henry Ford Health
System (HFHS). Contact with the community for the recruitment of 60 teens for the
study is being headed by the community relations representative and the HFHS
researchers who have many community contacts through their previous asthma studies.
The recruitment materials were designed with their input to meet both the content needs
for IRB approval and to connect at the visual and verbal levels with the teens and their
parents. We will be searching for any correlation between asthma symptoms experi-
enced by the teens and the number and kind of particulates collected by their personal air
monitors (PMs). We are stressing the collaborative nature of the teens participation in the
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study, especially for the 10 who volunteer to participate in two workshops – one before
and one after the data collection. In the first workshop, the teens will be asked to provide
their ideas about the “ideal” PM (how and when to use it, what it might look like, etc.). In
the second workshop, they will be asked to explore ways to visualize the data from the
PMs, how to best distribute the data and to whom, and to develop concepts/prototypes
for the design of a digital asthma symptom diary based on their experiences with the 3
different paper-based diaries used in the study. In this study, CBPR will lead directly to
codesign. The teens’ prototypes will reflect the important point by Sanders and Stappers
in their article, “Probes, toolkits and prototypes: three approaches to making in code-
signing” [10] that “making is a practice for participation” [10, p. 7].

In both projects, the design of the materials will be user-centered – incorporating
the CBPR and continuing to engage the community in the testing the materials.

6 Conclusion

Brenda Dervin advocates that designers approach information from the “communica-
tion perspective on information” she calls Sense-Making, in which “information design
is a “system to assist people in designing their own information… in effect, metade-
sign: design about design, design to assist people to make and unmake their own
information, their own sense” [3, pp. 42–43]. She goes on to say that Sense-Making is
based on “the assumption that humans must muddle through together” because we have
“an incomplete understanding of reality (ontology) and an incomplete understanding of
what it means to know something (epistemology)” [3, pp. 44–45].

Fig. 2. Diagram from the petcoke grant application emphasizing the process and overriding
framework of community engagement in the research project. Image courtesy of the D•VERSE
group.
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It is this spirit of Sense-Making that we bring to our petcoke and Detroit teen
asthma study in the belief that in muddling together through community-based par-
ticipatory research and user-centered design will foster improvements in the health and
environment of Detroit residents.

So it is with Dervin’s comments in mind that we offer these guidelines for trans-
disciplinary team science:

• integrate CBPR and UCD into the whole research plan from start to finish;
• include at least one representative from the community be part of the team;
• make sure that dedicated time and funding be allotted to test any materials intended

to be used by members of the community – and for at least one round of subsequent
re-design and re-testing.

We look forward to hearing about other exciting transdisciplinary research using
CBPR and UCD.
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