
Forum

https://academic.oup.com/bioscience 	 XXXX XXXX / Vol. XX No. X • BioScience   1   

BioScience XX: 1–9. © The Author(s) 2020. Published by Oxford University Press on behalf of the American Institute of Biological Sciences. All rights 
reserved. For Permissions, please e-mail: journals.permissions@oup.com.  
doi:10.1093/biosci/biaa076�

6&6: A Transdisciplinary Approach 
to Art–Science Collaboration

SARAH E. CLARK, ERIC MAGRANE, THOMAS BAUMGARTNER, SCOTT E. K. BENNETT, MICHAEL BOGAN,  
TAYLOR EDWARDS, MARK A. DIMMITT, HEATHER GREEN, CHARLES HEDGCOCK, BENJAMIN M. JOHNSON,  
MARIA R. JOHNSON, KATHLEEN VELO, AND BENJAMIN T. WILDER

Despite an historical connection between the arts and sciences, in the past century, the two disciplines have been greatly siloed. However, there 
is a renewed interest in collaboration across the arts and sciences to support conservation practice by understanding and communicating 
complex environmental, social, and cultural challenges in novel ways. 6&6 was created as a transdisciplinary art–science initiative to promote 
a deeper appreciation of the Sonoran Desert. Six artists and six scientists were paired to create work that explored conservation issues in the 
Sonoran Desert and the Gulf of California. In-depth interviews were conducted with the artists and scientists throughout the 4-year initiative 
to understand the impact of 6&6 on their personal and professional behaviors and outlook. The findings from this case study reveal the role 
that intensive, place-based, and transdisciplinary art–science programs can play in shaping narratives to better communicate the patterns and 
processes of nature and human–environment interactions.
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Prior to the twentieth century, art and science were  
 inextricably linked. For example, the Renaissance was 

a period of philosophical, artistic, and scientific rebirth 
exemplified by the works of Leonardo Da Vinci, which 
were equal parts art and science. Emphasis was placed on 
observation and careful documentation. Field notebooks 
captured careful observation, where discovery and insights 
were gained—depicted in words, formulas, and drawings 
alike (Canfield 2011). Careful observation and presentation 
also coursed through the formative experiences of Darwin, 
Wallace, and Humboldt, leading to works that shaped the 
foundation of our modern understanding of the natural 
world. For example, Humboldt’s (Humboldt and Bonpland 
1807) Tableau Physique, one of the most visually stunning 
and influential diagrams in the history of environmental sci-
ences, depicts the altitudinal distribution of vegetation zones 
on Mount Chimborazo, which has been recently reinvesti-
gated to track vegetation shifts in response to climate change 
(Morueta-Holme et al. 2015, Moret et al. 2019). Similarly, the 
journals of nineteenth century naturalist and writer Henry 
David Thoreau have been studied to understand shifts in the 
phenology of flowering plants (Willis et al. 2008).

At their core, both science and art are inspired by our 
basic observations of the world around us. Despite the 
inherent bonds and historical connection between the two, 
by the twentieth century, a collaborative understanding had 
mostly gone silent as academia moved away from an overt 

partnership between the arts and sciences. As a result, the 
arts and sciences have largely become entrenched in siloed 
disciplines. It is in this context that, in a famous 1959 lecture, 
C. P. Snow ([1959] 2012, p. 3) pointed out the “two cultures,” 
in which “the intellectual life of the whole of western society 
is increasingly being split into two polar groups.”

However, in recent years, there has been a reawakening of 
the collaborative spirit and growing interest in art–science 
collaboration, as well as inspiration drawn from anteced-
ents to such work. For example, there is a renewed focus 
in Humboldt’s bridging of scientific inquiry and aesthetics 
(Dixon et al. 2013, Straughn et al. 2013, Wulf 2015). Outlets 
for and engagement with the processes and products of 
art–science collaborations appear to be on the rise, with 
journals such as SciArt Magazine and Leonardo, academic 
centers such as the Stanford Art + Science program, the 
University of California Los Angeles’s ArtSci Center, the 
Art and Science program of the Desert Laboratory on 
Tumamoc Hill, and other institutions such as the Nevada 
Museum of Art’s Center for Art + Environment and the 
Search for Extraterrestrial Intelligence (SETI) Institute to 
name a few examples. There has also been a long tradi-
tion of artist-in-residence programs at prominent scientific 
research institutions such as the European Organization for 
Nuclear Research (CERN) and National Aeronautics and 
Space Administration (NASA). An awareness is growing 
that if human society is to maintain a vibrancy of culture and 
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biodiversity through the Anthropocene, it needs new ways 
of seeing the world and what stands to be lost.

Art–science collaborations can help to understand and 
communicate intertwined environmental, social, and cul-
tural challenges in novel ways. The arts may play an 
important role in drawing connections between social and 
ecological challenges at the heart of conservation practice, 
in turn fostering socioecological transformation (Hawkins 
et al. 2015). In the context of climate change, “Art is much 
more than a means of transmitting scientific information; 
art also expresses and catalyzes culture” (Sassor 2015, p. 2). 
In addition, literature within the social sciences, and in 
particular, human geography, has recently engaged with the 
epistemological aspects of art–science collaboration (Dixon 
et  al. 2013, Woodward et  al. 2015), pointing to how art 
and science often do not fit neatly into distinct categories. 
Indeed, the discipline of art–science (or sci–art) has emerged 
as a potent and viable tool for generating knowledge, going 
beyond simply harnessing art as a means to assemble audi-
ences for scientific findings (Born and Barry 2010).

The growth in art–science is also linked with a growing 
awareness that the great environmental challenges of the 
twenty-first century need to be addressed with a transdisci-
plinary approach. Transdisciplinarity is concerned with the 
unity of intellectual frameworks beyond individual disciplin-
ary perspectives, or in other words, approaches that transcend 
traditional boundaries to generate knowledge (Stember 1991, 
Choi and Pak 2006, Stokols et al. 2018). This holistic approach 
differs from interdisciplinarity, which Choi and Pak (2006, p. 
351) describe as an interactive approach that “analyzes, synthe-
sizes and harmonizes links between disciplines into a coordi-
nated and coherent whole,” and multidisciplinarity, an additive 
approach that “draws on knowledge from different disciplines 
but stays within their boundaries.” It is important to recognize 
that instead of having clear demarcations, these three frame-
works exist along a continuum through which teams made up 
of multiple disciplines may flow during different periods of 
their work together (Choi and Pak 2006, Klein 2008).

The present article is a case study of a transdisciplinary 
art–science collaboration called 6&6. We provide an inside 
view of an experiment in which six artists and six scientists 
were paired to create work that explored science and conser-
vation issues in the Sonoran Desert and Gulf of California.

6&6 within art–science collaborations
In 2012, a community of researchers focused on the Sonoran 
Desert region coalesced to establish the Next Generation 
Sonoran Desert Researchers or N-Gen (Wilder et al. 2013, 
Wilder and O’Meara 2015). N-Gen is a network of individu-
als committed to the rich social and ecological landscape 
that spans the mainland Sonoran Desert, the Baja California 
peninsula, the Gulf of California, Indigenous Nations, and 
the US–Mexico borderlands. Dedicated to the spirit of this 
region, N-Gen catalyzes research and biocultural collabo-
ration, develops capacity for innovative transdisciplinary 
action, and influences decisionmakers in both countries to 

promote a conservation ethic that matches the grandeur of 
the landscape (www.nextgensd.com).

Toward the realization of this vision and to harness the 
power of the synergy of art and science, in 2015, N-Gen 
launched a call for artists and scientists to participate in 6&6. 
The announcement read, 

“Six artists and six scientists whose work aims to por-
tray and better understand the Sonoran Desert will 
unite. We are soliciting applications from scientists 
from all disciplines and artists of any media to be part 
of a cohort that will cross-pollinate and create new 
ways to see the Sonoran Desert. Twelve individuals 
will collaborate with their counterparts to create a 
shared vision of life in the Sonoran Desert.” 

Although the intention from the outset was to create a 
collective exhibition, there was no specific plan, timeline, or 
model followed in precisely how to do so.

Twenty-one artists applied to participate along with four 
scientists. The discrepancy in the number of applicants from 
each discipline is noteworthy as this endeavor largely fell 
outside the traditional boundaries of time and work permit-
ted of most scientists, fitting better within the artists’ realm. 
Indeed, incentives for scientists in academia to go outside of 
traditional boundaries of collaboration or to produce outputs 
other than the peer-reviewed scientific papers are limited. 
With some directed recruitment efforts, six scientists were 
identified, and six artists were selected by a review committee. 
Likewise, there was a discrepancy in the composition of the 
participants. The final cohort was made up of white US par-
ticipants, which did not reflect the multinational, multiethnic 
nature of the United States, Mexico, and Indigenous Nations 
that make up the Sonoran Desert landscape. It became clear 
that not only do connections to artistic communities in 
Mexico and Indigenous Nations need to be strengthened, but 
that barriers also exist to working on long-term transdisci-
plinary projects of this nature across the US–Mexico border.

The cohort first met in March 2015 for an all-day picnic in 
the Tucson Mountains, where each participant shared their 
creative philosophy and work approach. Next, the group went 
on a camping trip to Punta Cirio, Sonora, Mexico, in May 2015, 
where the goals of the collaboration were solidified, including 
the 6&6 name and the model of six artists and six scientists 
working in six pairs as part of a cohesive larger group. At the 
outset, it was also determined that the pairings would revolve 
around new scientific questions and works of art, within which 
art and science would be mutually influential and visible. 
Collectively, the 6&6 mission statement was crafted: “A col-
laboration between artists and scientists to explore the patterns 
and processes of the Sonoran Desert and Gulf of California to 
impart a deeper appreciation of this region.”

The next couple of months were used by the participants 
to explore possible pairings, which were established in August 
2015. From that point, each artist–scientist pair worked 
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independently in the development of their project with occa-
sional group gatherings (figure 1). A collaborative exhibition 
of their work took place at the University of Arizona Museum 
of Art from 22 December 2018 through 31 March 2019 (table 
1).

Art–science collaborations might be generalized into 
three different but overlapping categories, including art–sci-
ence collaboration focused on conservation issues or field 
research (Swanson et al. 2008, Ingram 2013, Swanson 2015, 
Januchowski-Hartley 2018, McDermott 2019), works gener-
ated within the research lab or bioart (Stracey 2009, Yetisen 
et  al. 2016), and art–science collaborations that focus on 
specific issues, most prominently climate change (Thornes 
2008, Buckland 2012, Sassor 2015).

Although aspects of 6&6 intersect with each of the afore-
mentioned categories, 6&6 can be largely situated within 
the category of art–science collaborations focused on con-
servation issues. These collaborations are often place-based, 
which is at the core of 6&6 (figure 2). The collaboration’s 
particular place, the Sonoran Desert and Gulf of California, 
has a history of art–science collaboration, perhaps most 
notably the writer John Steinbeck and marine ecologist 
Ed Ricketts’ scientific literary expedition in the Gulf of 
California (Steinbeck and Ricketts 1941), as well as more 
recent art and literature collaborations built around conser-
vation and place (McMahon et al. 2012, Mirocha et al. 2015, 
Magrane and Cokinos 2016).

Exploring the transdisciplinary approach to art–
science collaborations
A unique characteristic of 6&6 was its emphasis on a trans-
disciplinary approach to art–science collaborations. The art-
ists and scientists involved were invited to not only create the 
mission of the overall initiative together but also to cocreate 

their individual projects (i.e., the specific 
scientific-artistic question they would 
pursue together) from scratch. This holis-
tic approach contrasts with other more 
interdisciplinary (interactive) or multidis-
ciplinary (additive) art–science collabora-
tions in which the artist is given scientific 
data, with the goal being to communicate 
the science in an artistic way.

Also at the core of 6&6 was an overt 
effort to document the process of what is 
involved in transdisciplinary art–science 
collaboration. The lead author (Clark), 
who was not a member of one of the 
pairings, led the documentation effort to 
create a behind-the-scenes look at the 6&6 
process through interviews, compilation 
of artistic and scientific content gener-
ated during the initiative, and ultimately 
the creation of an interactive touchscreen 
installation at the final 6&6 exhibition 
(available for viewing at http://ngen6and6.

com). Clark conducted in-depth interviews over the phone 
with each of the participants at the beginning (spring 2016), 
middle (spring 2017), and end of the project (spring 2019) 
after the final exhibition opened. The interview questions were 
consistent across the three time periods to track any changes 
over time (see the supplemental material). The participants 
were also given the option to submit written answers.

Over the course of the project the lead author became 
thoroughly involved with 6&6, as both a documentarian 
and an observer. This led to an autoethnographic sensibility 
(Butz and Besio 2009), in which critical reflexivity of all of 
the 6&6 participants informed the analysis of the project. 
Clark read through the interview transcripts in MS Word, 
creating a codebook of key themes and then noting by hand 
which themes appeared most frequently and were consistent 
across all or most of the 6&6 artist-scientist pairs. This infor-
mal qualitative assessment, alongside Clark’s own experience 
within the 6&6 initiative, informed the key findings pre-
sented in the present article, which were shared with the 6&6 
participants for their review and feedback. Clark, Magrane 
(artist participant), and Wilder (scientist participant and 
project lead), led in writing and shaping the direction of the 
present article. Although each 6&6 pair’s experience was of 
course unique, as a whole, we present 6&6 as a case study of 
the various facets of transdisciplinary art–science collabora-
tion. The following key findings arose largely during the 
final interviews conducted after the opening of the exhibi-
tion, once the participants had the time and perspective to 
digest and reflect on their experience.

Finding common ground between artists and scientists
The artists and scientists came together in 6&6 with a shared 
love of the Sonoran Desert and a desire to understand this 
unique biome and communicate its wonders to others. Where 

Figure 1. Typical group meeting among 6&6 participants in the Sonoran 
Desert. Photograph: Sarah E. Clark.
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there were differences in professional approach or worldview 
between the artists and scientists, a personal connection or 
friendship between the 6&6 artist-scientist pairs was impor-
tant for the longevity, strength, and success of their individual 
collaborations. For example, one pair formed a strong per-
sonal bond over their shared fascination with a river running 
through Tucson despite their very different ways of conceiv-
ing of the river and its flow, i.e., the visual or artistic form of 
the water versus its chemical quality or ecological profile.

Within the first year of the project, a couple original 
members withdrew for personal or professional reasons and 

new participants joined and were paired up. Especially at the 
beginning of 6&6, group camping trips, outings, and pot-
lucks promoted personal connections and supported over-
all group cohesion. The establishment of this shared 6&6 
culture also supported the group’s resilience and flexibility, 
so that changes in 6&6 pairs early on did not threaten the 
overall success of the project. One participant who joined 
after a year into the project expressed disappointment in not 
being able to participate in the early formative group events, 
but felt they were nonetheless able to hit the ground running 
with their partner.

The 6&6 pairings were allowed to unfold organically on 
the basis of natural (personal and professional) affinities, 
and this iterative process ensured that the artist-scientist 
pairs were on the path of discovery together from the begin-
ning. As was described by one participant,

“I really appreciated that the idea was the paired artists 
and scientists would actually define the project and the 
question and the inquiry part of it together from the 
beginning rather than that already being defined and 
one of the collaborators being brought on.”

The participants also highlighted the importance of flex-
ibility, openness and curiosity when connecting with their 
partner and developing their project together. In the words 
of one participant,

“I think that we were both curious about the other 
person’s process and we were both really open to 
learning about the topic, about how the other person 
approached it, and we also enjoyed seeing things from 
another person’s perspective.”

Importantly, the 6&6 approach did not place more 
emphasis on science over art (or vice-versa), which 
ensured, as one participant explained, “that anything 
that came out of [the project] was going to be both visu-
ally dynamic and interesting but also quite scientifically 
accurate.” The artist and scientist participants felt equally 
valued and were on the same footing from the beginning, 
empowering them to drive the formation of their art–
science projects together.

Figure 2. Geographic focus of each 6&6 pairing.

Table 1. 6&6 artist–scientist pairings and artwork.
Artist–scientist pair Final artwork

Benjamin M. Johnson and Benjamin T. Wilder Hidden Water: Pozos of the Gran Desierto

Charles (Chip) Hedgcock and Mark A. Dimmitt A Desert Veil: Soft Plants in a Harsh Landscape

Heather Green and Taylor Edwards Isle of Sauromalus

Kathleen Velo and Michael Bogan Living River: Flow of Life in the Santa Cruz

Maria R. Johnson and Eric Magrane Bycatch

Thomas (Tom) Baumgartner and Scott E.K. Bennett Paleogeographic Rendering of the Ancient Gulf of California

Note: Complete descriptions and images of the final artwork as well as biographies of the participants can be found at http://ngen6and6.com.
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Embracing the rub: Friction as a driver of creativity
The 6&6 participants quickly learned that transdisciplinary 
art–science collaboration is about friction, the rub between pro-
fessional approaches, communication styles and vocabulary, and 
different ways of looking at the world. One participant reflected,

“Us bringing these very different perspectives to the 
same task… I feel like that’s the real value. And by 
artists knowing how scientists work and by scientists 
knowing how artists work. That’s gold right there.”

Although a collaborative process of this depth and duration 
(i.e., time commitment) was challenging at times, working with 
someone very different from themselves on a shared product 
over years—and committing to work together to see the project 
through—brought tremendous rewards. Almost all the partici-
pants highlighted the value of being forced to think outside the 
box and get outside their comfort zone. For example,

“Number one [value of an art–science collaboration] is 
essentially to shake us out of our own rut that we get in 
sometimes… trying to step back from the science a bit 
and think about where your science might interact or 
intersect with art… I think [that] naturally forces you 
out of that narrow groove you might be in and makes 
you look at the area or region in a much broader way.”

Many participants also described 6&6 as the first time 
they worked in such an in-depth or extended way with 
someone outside their usual professional field. One partici-
pant described the positive impact of working through the 
tension they confronted while collaborating with someone 
operating within a different methodology or mindset:

“It’s the first time I’ve been working so closely with 
somebody who is coming from a very different mind-
set and that was really unique and interesting to me… 
it definitely challenged me in ways not only to explain 
my intentions in a different way or more in-depth way 
but it challenged me also to widen my thoughts or 
expectations about [what] the project was or is.”

In order to overcome any barriers to collaboration, 
another participant realized the importance of framing the 
transdisciplinary work as being mutually supportive despite 
having differing areas of expertise:

“I think I’ve always tried to make an effort to do inter-
disciplinary and cross-disciplinary work, it’s something 
I’ve always been really open to and thought I was doing 
this sufficiently… But this definitely took it into a new 
level, which breaks into this more transdisciplinary 
approach… This was very different because we started 
together and finished together, so we were a supporting 
team entirely despite having our own areas of expertise.”

The transdisciplinary approach required a tremendous 
amount of time and effort, much more than any of the par-
ticipants were expecting. Because the initiative lasted longer 
than expected (in total about four years), some of the par-
ticipants experienced burnout at various points, taxed by the 
total number of hours required for their project’s comple-
tion. Although the ebb and flow of activity differed for each 
6&6 pair, taken all together, most of the participants were 
grateful for the extended timeline however, pointing to the 
space it allowed for the collaboration to evolve and unfold. 
In the words of one participant,

“One [successful component of 6&6] was that the time-
frame was very open. When we started we didn’t know 
what we were going to do, how it was going to work, 
and we weren’t locked in. If we had to do this in a year 
we wouldn’t have done anything nearly as meaningful.”

“I’m a different person now”: Impact on the 6&6 
participants
6&6 affected the participants beyond their professional lives, 
often in ways that surprised them. All the participants high-
lighted the new friendships and community they formed dur-
ing the four years, and many spoke about how fun it was to 
connect with people outside their usual personal and profes-
sional circles. One participant commented, “Artists and scien-
tists out together in nature is just SO FUN!,” highlighting the 
importance of play in creative collaboration. The participants 
also spoke about how the initiative cultivated for them an even 
deeper love or appreciation of the Sonoran Desert.

Of course individuals, like disciplines, cannot always be 
siloed, and many of the participants talked about how they 
felt like they could more fully embrace the artistic or scien-
tific side of themselves after participating in 6&6. Several of 
the artists and scientists also reflected on how they are more 
open to an artistic or scientific framework or approach in 
their current work. This transformation is illustrated by the 
following two quotes from scientist and artist participants:

“After going through this experience… I would be 
much more prone to think about integrating an artistic 
approach with my science, or from the start of a sci-
entific project thinking about how I might be able to 
communicate either the process of doing the science or 
the results of the science in a much more artistic way.”

“You know, artists out there, we have a lot of personal-
ity and we brand ourselves. Every piece of artwork is 
like our brand, and we’re trying to grow our brand. 
And when I started working with my [scientist] part-
ner I realized that I started to get this sense of respon-
sibility that’s kind of like greater than myself.”

Several of the participants (especially the scientists) 
reflected that they are now more likely to engage in 
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transdisciplinary work in the future, even while recogniz-
ing the potentially significant time and energy commitment 
involved. As described by one participant,

“It has definitely empowered me and made me feel even 
more comfortable to work with what on the outset are 
really foreign disciplines and foreign approaches… 
it kind of feels like some barriers are falling away in 
terms of the approaches I feel like I can take and pur-
sue in fundamental, robust projects.”

Complex problems require complex solutions:  
Art–science as knowledge generation
The world itself is complex and cannot be neatly organized 
into the arts and the sciences, i.e., disciplines and epistemol-
ogies are themselves human attempts to frame and interpret 
the world. The participants in 6&6 found that the transdisci-
plinary art–science approach better supports understanding 
the complexity of their work and the questions they ask. As 
one participant reflected,

“We can’t possibly understand something in the world 
just through science or art, we can understand a piece of 
it, and I don’t think we can ever understand the full pic-
ture of something, that’s beyond human capability, but 
we can certainly get closer both to understanding and 
finding knowledge and creating that connection and 
sense of place through this [transdisciplinary] work.”

Similarly, many of the participants reflected that the trans-
disciplinary approach supports more effective communica-
tion of hard-to-grasp complexities. In other words, merging 
artistic and scientific perspectives tells a more complete and 
impactful story than what would have been possible with 
only a scientific or artistic approach. Several participants 
also spoke about how art–science collaborations are effective 
ways to get people to care about particular issues or regions. 
As one participant explained,

“[The transdisciplinary approach] makes the [art–
science] products more potent… I feel like the reach 
is a little stronger, that connection you make with an 
individual is deeper, and that the message is clearer. It 
strengthens the product in terms of that narrative that 
comes out of the work.”

Finally, several of the participants highlighted the way 
in which the transdisciplinary approach is particularly well 
suited for developing innovative solutions to increasingly 
complex problems. For example,

“The state of the world right now, and the grand chal-
lenges we face environmentally, culturally, and socially 
are not going to be able to be adequately addressed in 
siloed disciplines or siloed ways of thinking.”

Both the arts and the sciences generate meaning in their 
own unique ways. Combining the two schools into the 
practice of art–science can be a radical and transformative 
approach to engaging with the world and its inhabitants. In 
the words of one participant,

“Scientists pursue knowledge and artists pursue beauty. 
And sometimes a lot of art won’t have substance to it, 
and sometimes science won’t be so beautiful. And I 
think when those two disciplines collaborate together 
then it can create more of a clear message. Beauty that 
has meaning. Data, or maybe important research, is 
communicated in a more personal way.”

The dash in art–science: Science shapes art, and 
art shapes science
The six art installations that were presented at the final exhi-
bition (http://ngen6and6.com, 6&6 catalogue) represented a 
diverse range of final products; some works were more art 
forward, and others more science forward (figure 3). Each 
installation explored different aspects of the Sonoran Desert 
and Gulf of California with the intention of having the viewer 
take something away from each pairing, feeling more con-
nected to the magnificence of the desert and sea, and their 
place in it (figure 4). In some of the 6&6 pairings, the artist 
and the scientist played clearly defined artistic and scientific 
roles, and in other collaborations there was great fluidity 
around who exactly was the scientist (i.e., doing science) and 
who was the artist (i.e., doing art) at any given time.

In addition to fluidity existing between who was perform-
ing artistic and scientific functions at certain points along 
the project implementation, the pairs’ work together would 
also flow along the spectrum from interdisciplinarity and 
multidisciplinarity to transdisciplinarity. For example, the 
pairs worked closely in a transdisciplinary manner at the 
beginning of their collaboration by shaping the project goal 
and methods or approach together. After the initial phase, 
the collaborations would go through phases of working 
independently to generate content that they would share 
with their collaborator once completed. Then their efforts 
would reunite to create the final, integrative artwork for the 
exhibition. Some artists reflected that the collaboration had 
a very “transdisciplinary feel” (especially during times when 
artist-scientist pairs were collecting scientific data together 
or creating an artistic product together) up until the creation 
of the final artwork and installation when the artists took a 
much stronger lead and did the heavy lifting. The ebb and 
flow of the type of collaboration throughout the multiyear 
process demonstrates the varying ways that an art–science 
collaboration operating within an overall transdisciplinary 
framework can unfold.

Although the final 6&6 exhibition illustrated the ways in 
which the science shaped or was incorporated into the art, 
the art influenced the scientific process as well. To name a 
few examples, data was collected in the field that would not 
have been otherwise (e.g., the use of camera traps), scientists 
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have presented on the fruits of the art–science collaborations 
at conferences, and several scholarly papers have resulted 
from the collaborations (Edwards and Green 2019, Magrane 
and Johnson 2017, Zamora et al. 2019). In at least two cases, 
the scientists reflected that they would have not followed 
particular lines of inquiry had it not been for the art–science 
collaboration.

Although it is impossible to define exactly what a trans-
disciplinary art–science collaboration is or looks like, 6&6 
demonstrated that the bi-directionality between the two 
disciplines (the dash in the term art–science) is of utmost 
importance. The quality and depth of the back and forth and 
the commitment to engage beyond individual disciplines is 
what helped shape the ultimate outcome of 6&6. Through 
participation in 6&6, the artists and scientists strengthened 
both their willingness and capacities for transdisciplinary 
collaboration in conservation practice.

Conclusions
Inspired by the precedents of art–science thinking, 6&6 was 
a contemporary experiment in taking the time to co-create 
a shared vision for the Sonoran Desert. Although we began 
6&6 without any predetermined model or design, over 
the course of the initiative our experience shaped several 
key insights that we hope will provide guidance for future 
transdisciplinary art–science collaborations. To that end, the 
following recommendations are organized by project phase.

Recruitment.  (1) Clearly state the overall goal or focus of the 
art–science collaboration including the specific topic, place, or 
organizing concept. (2) Consider open calls for participation 
with strategic recruitment efforts to increase participation 
from diverse individuals and networks. Targeted recruitment 
may also be needed for scientists given reduced academic 
incentivization for non-traditional scientific outputs.

Figure 3. Mosaic of 6&6 final artwork. Photographs: Tim Fuller. Clockwise from upper left: Hidden Water: Pozos of the 
Gran Desierto (Johnson and Wilder), Isle of Sauromalus (Green and Edwards), Bycatch (Johnson and Magrane), A Desert 
Veil: Soft Plants in a Harsh Landscape (Hedgcock and Dimmitt), Living River: Flow of Life in the Santa Cruz (Velo and 
Bogan), and Paleogeographic Rendering of the Ancient Gulf of California (Baumgartner and Bennett). Complete artwork 
descriptions, biographies, and supplemental materials can be found at http://ngen6and6.com.
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Design.  (1) Schedule social events (e.g., dinners or potlucks, 
hikes, camping trips) where artist or scientist participants can 
get to know each other and their work and develop overall 
group cohesion. (2) Designate a project leader who helps 
maintain momentum, serves as a point person for group 
decisions, and addresses internal (e.g., cohort dynamics) and 
external (e.g., funding, gallery space) communications. The 
project leader may be an outside facilitator, or may be cho-
sen from within the cohort of artist or scientist participants. 
The project lead may also rotate. (3) Invite artist or scientist 
participants to choose their own collaborator on the basis of 
shared interests and rapport (e.g., artist or scientist partici-
pants may determine the pairings collectively in a group or 
submit their preferred partners privately to the project leader 
who then makes the pairings). (4) Empower the artist or 
scientist participants to shape the overall goal, structure, and 
timeline of the overall project (e.g., development of a vision 
statement, development of initiative design principles, set-
ting clear expectations regarding time commitment and final 
products). (5) Establish expectations, needs, and guidelines 
for compensation at the outset. (6) Undertake some form 
of documentation to track what may be an unpredictable 
progression of the effort (e.g., designating a note-taker at 
all meetings, creating a website or blog with updates on the 
group’s progress, photographing group events and individual 
artist-scientist work sessions in the field, lab or studio).

Implementation.  (1) Support overall group teambuilding and 
cohesiveness by scheduling regular social events or check-
ins (e.g., quarterly or bi-annually) in which participants can 
give updates on their work together, receive feedback from 
the group, and discuss any challenges. (2) Schedule regular 
check-ins (e.g., quarterly) between the project leader and 
individual artist or scientist pairings to discuss progress on 
their collaboration, identify the ways in which both the art 
and science perspectives or approaches are being integrated, 
and brainstorm solutions to any challenges. (3) Set and follow 

internal deadlines to keep momentum 
going. Deadlines can be flexible on the 
basis of the realities of the effort needed 
and preferences of the group; however, 
they are essential to keep the participants 
focused over a long-term project given 
other personal and professional commit-
ments and responsibilities.

Final product.  (1) Set the final outcome or 
end product target (e.g., art exhibition, 
scientific paper, public conservation 
action or event) and deadline as early in 
the initiative as possible. (2) If the goal is 
to exhibit in a gallery, work with gallery 
spaces at least 2 years in advance of the 
desired show date. Find curators who are 
willing to take risks on work for which 
they cannot yet see the final products but 

believe in the overall concept and caliber of project partici-
pants. (3) Provide funding to artist–scientist pairings to at 
least cover costs associated with creation of the final product 
(e.g., art supplies, printing costs). (4) Support public impact 
of the art–science collaboration by planning educational or 
participatory community events (e.g., art shows, citizen sci-
ence events) and harnessing local or national media.

Reflection.  (1) Enable participants to provide feedback to the 
organizing entity or project lead regarding the process with the 
overall group as well as their individual artist–scientist pairing. 
(2) Host a final celebration or meeting in which participants 
can discuss lessons learned and share the ways in which this 
collaboration will shape their work moving forward.

We hope that the recommendations above may be useful 
for others in designing transdisciplinary art–science col-
laborations. Although we acknowledge that there are many 
different ways that art–science collaborative projects could 
be conceptualized and organized, we believe these recom-
mendations are open and adaptable. Our 6&6 experiment 
found that artists and scientists unravel the stories of nature 
through different but surprisingly complementary means. 
United in the creative process, the two can be a powerful 
force with an even greater capacity to connect, engage, and 
deepen our understanding and appreciation of the world we 
live in, and in turn improve conservation practice.

Supplemental material
Supplemental data are available at BIOSCI online.
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