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ABSTRACT: The number of terms used for historically unrepresented types of knowledge in environmental management is large and growing. The emphasis on these “new”
perspectives reflects a shift in how society values different ways of knowing. A primary
reason behind this recognition of value is that fresh perspectives offer new problem
framings, approaches to solutions, and linkages to other issues. Successes in collaborating across multiple knowledge domains have yielded new medicines, culturally appropriate regulations, and a better understanding of ecological dynamics, among others.
These examples show the search for creative solutions cuts across disciplines, each of
which has its own priorities, values, ethical practices, and approaches to knowledge
creation. This review demonstrates how systems ecology, ethnobotany, and meteorology increase problem solving by legitimizing different ways of knowing. Pioneers in
valuing nonscientific ways of knowing, they set the path forward for methods and theory used to inform research questions.
KEYWORDS: complex problem solving, creativity, ways of knowing

Introduction
Small-scale artisanal fishermen often tell scientists that studying the ocean to death does not
help those whose livelihoods depend on the ocean. They claim that intense local knowledge and
practice is needed to shift the scientific paradigm from one of monitoring decline to active restoration. In response to such claims, collaborative fisheries research partnerships are springing
up all over the globe. But are these fishermen right? There are historical cases of utilizing multiple forms of expertise that might help answer this question while we wait for newer programs
to mature. This article delves into these historical cases to see if there are any lessons we should
take from them in developing new programs.
First, I will review what the education scholars tell us about different forms of expertise and
different learning styles. I will begin the discussion of their application in the environmental
sciences by pointing out familiar stories from the popular media that exemplify the need for recognizing different forms of expertise. Turning to more analytical discussions, I will first describe
the landscape of terms used for forms of knowledge outside of professional science that emerged
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from the different cultures and values of different scientific contexts. After this background
information, I will give a structured analysis of three early practitioners of knowledge studies
in the environmental sciences. From these examples, I will then pull out some common lessons
and themes that might be useful for other scientific contexts hoping to tap into different forms
of expertise in order to help come up with creative solutions to persistent environmental issues.

Fostering Creativity
“Two heads are better than one.” All elementary school students hear this phrase from their
teachers, trying to encourage collaboration and inclusion. That sage kindergarten advice is
echoed in experiences ranging from the stubborn school-age math problem to larger questions
of conservation, medicine, and international relations. But what Western scientific professionals learned as children seems to have been forgotten when it comes to embracing alternative
knowledges in finding solutions for resource management. We require humility from experts
to remember that collaboration trumps individual expertise. As any elementary school student
knows, the benefits of recognizing contributions from other ways of knowing are wide-ranging
and cross-disciplinary. While this review focuses on the link between diverse ways of knowing and creative problem solving in collaborative situations, other benefits are documented:
humility in the face of mistakes and other-regarding empathy in decision making (Yanow 2009),
recognizing the context of knowledge (Jazeel and Mcfarlane 2007), and developing a more full
understanding of the system (Fortmann and Ballard 2011), to name a few. Step one in reaping
those benefits was historically to collect nuggets of information from newly recognized ways
of knowing and apply them to issues facing modern society; recent efforts attempt to also capture context through collaborative, participatory approaches in the quest for creative problem
solving.
As a multidimensional concept, creativity is hard to define. Rollo May defined creative courage as “the discovering of new forms, new symbols, new patterns on which a society can be
built,” needed “in direct proportion to the degree of change the profession is undergoing” (1975:
22). A shared functional definition still eludes academia, where the concept is often dismissed
in lieu of more concrete metrics of evaluation such as content testing; at the same time, “unidisciplinary approaches to creativity [have] tended to view a part of creativity as the whole
phenomenon, often resulting in what we believe is a narrow vision of creativity and a perception that creativity is not as encompassing as it truly is” (Sternberg 1998: 12). This review takes
a wide view of creativity, pulling from May’s (1975) definition—both creating new information
and combining knowledge in a new way. Stale problems require this creativity to move out of
a pattern of habitual incrementalism (Cates 1979), and this review proposes that diversifying
ways of knowing offers one avenue by which to achieve this goal.
A pedagogical shift from the model of a teacher communicating “truths” to one fostering
creative thinking as the desired outcome of education means that “objectivist measures” are
not adequate to describe in-depth, holistic educational experiences of diverse students (Simons
1996). In studies explicitly linking particular ways of knowing to creative outcomes, expressive ways of knowing (that engage imagination and intuition) (Davis-Manigaulte et al. 2006)
and engaging multiple dimensions of being (Tolliver and Tisdell 2006) encouraged students
to actively problem solve and structure their own learning process productively. Of course, the
ethical demand is to match consistent, effective pedagogy and evaluation across these different
learning processes (Ettling 2006).
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Education scholars were among the first to recognize multiple ways of knowing (logicalmathematical, linguistic, musical, spatial, bodily-kinesthetic, interpersonal, intrapersonal)
through investigations in how children learn best and the need to diversify content delivery in
the classroom so as to not privilege certain types of learners (Gardner and Hatch 1989). Starting
with Perry’s studies of college students in the 1970s, which uncovered an inherent understanding that knowledge is constructed, scholars scrambled to shift classroom practices to make use
of that understanding (Burnard 2006). As schools shifted practice to ensure all types of learners
were equally served, people trained in these new educational environments began to value more
forms of knowledge. Yet, certain ways of knowing still struggle for such equality—in particular,
knowledges of the environment produced by nonscientists such as farmers, fishers, and traditional medical practitioners.
The push toward “meaningful landscapes” in education is over a century old, and yet standard
pedagogy has not yet emerged (Mueller and Bentley 2007). For many teachers and professors,
this goal is manifested through creating a “scholarship of engagement”, where the goal of the
institution is to be a “place where multiple ways of knowing are valued and respected” (Semali
and Maretzki 2004: 91). A key aspect to this scholarship is the development of creative capacity
in children and across a diverse spectrum of situations, viewed as a “vital dimension of human
intelligence” (Prentice 2000: 145). Creative capacity is best fostered by initiating children into
the ways of learning that work best for them, in order to make imaginative leaps (Prentice 2000).
Education at all levels aims to produce graduates with the ability to contribute to their chosen
profession. Professional and graduate schools were the first to implement engaged pedagogy
that not only appreciated but applied diverse learning styles to a real-world problem. In a medical school context, problem-based learning has rapidly become the industry standard due to
a “more enjoyable and effective professional development” (Engel 1992: 325). The approach
presents challenges in faculty time commitment, the role of expertise, and fair evaluation of the
different types of contributions offered by a diverse team of students—but in the end, it trains
doctors better prepared for an interdisciplinary workplace (Schwartz 2013). As a result of successes in the medical context, problem-based learning is gaining practitioners in a wide variety
of other settings, including grade school (Torp and Sage 1998), engineering (Mills and Treagust
2003), business (Stinson and Milter 1996), and chemistry (Ram 1999).
As “engaged learning” approaches gain popularity springing from the early advances in education—through service learning, citizen science, problem-based learning, and other applied
teaching experiences—there are increasing numbers of cases where problem solvers are trained
through solving real-life problems. For example, in the environmental sciences, Kimmerer
(2012: 1) proposes engaging the “indigenous pedagogy of direct, experiential learning” and
“holistic engagement of multiple elements of human capacity” to create not just new knowledge,
but knowledge that is tied to action and spirit.
“Knowledge is best acquired by traversing it from a variety of perspectives” (McGinley and
Tierney 1989: 243). For example, the Interinstitutional Consortium for Indigenous Knowledge
at Pennsylvania State University boasts that it “transforms its institutions to a marketplace of
multiple ways of knowing,” moving beyond a positivistic research model and diversifying pedagogy to embrace non-Western thought (Semali and Maretzki 2004: 94). Knowledge development then occurs on two fronts: one at the frontiers of knowledge content and the other
in stitching together new developments to make contributions to society (Prentice 2000). Put
another way, “the creativity of science is bound up with the freedom of human beings to create in the free, pure sense” (Simons 1996). In summary, creative problem solving is a wholebrain holistic adventure that requires a group effort to employ as many perspectives as possible
(Lumsdaine and Lumsdaine 1994).
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Popular Examples of Valuing Knowledges
Even though few outside of academia use the term way of knowing, many are familiar with the
high-profile benefits of alternative knowledges: the promising scientific developments, the long
intellectual property battles that followed, and the case made for protecting cultural diversity
and biodiversity for potential future discoveries. The textbook example of the promises and
pitfalls of alternative knowledge is the case of the bioprospecting of Madacascar periwinkle
(Catharanthus roseus), which Robert Noble (1990) discovered contained the cancer-fighting
chemical vinblastine and for which American company Eli Lilly received the patent and large
profits. Since the discovery, the rosy flower literally became the poster child for tropical rainforest conservation, promising the hope of more cures (Edmonton Journal 1989). Scientists hoped
to realize the promise of cures by “picking the brains” of traditional healers in Madagascar,
ethnobotanists becoming the new popular explorer heroes (McIlroy 1991). But these “heroes”
extracted “gems” from one of the poorest nations without compensation (Peel 2001). The Globe
and Mail of Toronto ended a 12-article coverage of the periwinkle case exposing the incorrect
narrative of the wonder drug turned case for conservation and indigenous rights by documenting the systematic overexploitation of forest resources and poor labor practices that resulted
from the discovery (Strauss 1992).
Recognizing the utility of indigenous knowledge is sometimes a slow awakening, as with the
return to Hawaii’s traditional land management system known as ahupua‘a. Generally understood to be an ecosystem-based management approach, encompassing mountains to sea, the
system is similar to other Pacific island governance systems also gaining management attention,
such as Japan’s satoyama-satoumi or Fiji’s vanua. After decades of blending with Western governance schemes, the remaining areas of traditional management are celebrated by the media
(Karp 2010), sometimes as tourist destinations (O’Leary 1998). The Hawaiian government
boasts they have “rediscovered” ahupua‘a in their quest for more sustainable, ecosystem-based
management (WEC 2012). The newspaper Indian Country Today celebrates the return to
ahupua‘a for integrating land- and sea-based knowledge as well as promoting native voices in
the management process (Jacobs 2010). The verdict regarding success is still out, but the return
of traditional management offers some hope for Hawaii as “forestry’s best-kept secret” (Davis
1994).
The final example includes the shift in message of a popular media icon, Smokey the Bear.
After decades of fire suppression policies on American public lands, including an enormous
education campaign, foresters realized that the Native Americans that once dotted the landscape
actively managed forest fires—and, more importantly, that these fires are a healthy and necessary part of forest ecology. Interviews with native elders in Montana yielded the Tribal Forest
Management Plan, which reconciles the role of fire in forests as both creator and destroyer and
encourages controlled, prescribed burns (Matt 2000). The front page of the Los Angeles Times
declared the historic ponderosa landscapes of Arizona both natural and cultural, but over the
last century the culture has been forgotten, leading to the worst fires in history (Wade 2002). The
United States’ first inhabitants used to set small fires in the cool months to prevent destructive
crown fires, which left a distinct archaeological footprint in the “pristine Rockies” (Remington
2002). Centuries of colonialism leave foresters scrambling to find elders willing to share their
knowledge or clues from the archaeological record as fire suppression are officially recognized
as a mistake.
These examples are spread across popular newspapers because they offer solutions to
long-standing problems. The promise of “new” or “rediscovered” ways of knowing in these cases
appears as an untapped resource just waiting for application to modern problems. That promise,
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however, is mediated by ethical issues involved in collaboration when combining diverse ways
of knowing. Notably, knowledge is not something to be collected and combined loose of cultural
context, values, and practices, a practice common in early knowledge studies (e.g., Schumann
2011; Huntington 2000). The popular cases exemplified here highlight different approaches to
collaboration emerging from a different set of values to navigate a historical context. Each application of diverse knowledges arises out of different disciplinary practices, using varied methods
and expectations of results. However, as a cross-disciplinary group of scholars wrestles with
similar issues, are they re-creating the wheel? This review seeks to answer that question and
summarize some of the lessons learned by early adopters of knowledge diversity.

Naming Alternatives
Each discipline thinking about multiple ways of knowing creates a term for nondisciplinary
knowledge, and the number of terms grows with the concept’s popularity. Before delving into
the specific cases of this review, I call attention to the sometimes value-laden and controversial
history of what to name these knowledges (the list is far from comprehensive). All of these terms
refer to basically the same thing—the knowledge left out of the conversation when Western
science is privileged as an authoritative way of knowing (Goldman 2003). Some of the most
common and earliest-used terms now have associated connotations that may limit the potential
of that type of knowledge or fail to recognize the full suite of knowledges in a given system,
illustrated in each of the following examples.
Berkes, who writes extensively on ecological knowledge, defines traditional ecological knowledge as “a cumulative body of knowledge, practice, and belief, evolving by adaptive processes
and handed down through generations by cultural transmission, about the relationship of living
beings with one another and with their environment” (2008: 7). The term refers both to the way
of knowing and the resulting body of knowledge. However, many people assign a static time
component to the term “traditional”, implying that the knowledge is one to be collected from
community elders and relies on understandings of the world before the emergence of modern
society, a world seen as static through generations (Antweiler 1998). Some also associate the
term “traditional” with indigenous groups whose culture is sometimes described as “primitive”,
which is a false association tied closely to racist philosophies (Correia 2013).
Local knowledge gained use as critiques of the word “traditional” solidified “because it is the
least problematical” (Ruddle 1994: 161). Because the term emerged largely in reaction to the
temporal dimension in the use of the word “traditional”, it tends to refer to recently created
knowledge embedded in the context of a particular location. Ruddle (2000) describes common traits of local knowledge worldwide: it is based on observation, practical and behaviororiented, structured but inductive, dynamic and capable of learning. Criticism lies in that places
are made, and “local” is a relativistic and socially constructed term—for both the knowledge
and the knowledge holder (Raffles 2002). Depending on the speed of local acceptance, new
knowledge discovered through a scientist’s experiments may be considered local to one place, or
a career-long resident’s discoveries may not be considered local because he was not born there
(Raffles 2002).
Both traditional and local knowledge are often viewed as something to be collected and utilized alongside Western science (e.g., Pauly and Palomares 1993). Ordinary knowledge takes
local knowledge a step further, defined as pertaining to local context and the normative understandings of their meanings (Fischer 2002). Ordinary knowledge involves the many ways of
organizing and understanding nature, aware of basic social meanings and values underlying
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existing structures and relationships (Fischer 2002). The term is scarcely used outside of the
participatory research community, where it refers to knowledge created through a participatory
process, recognizing the inability to extract knowledge from the creator’s worldview.
The much more general alternative knowledge groups together all possible terms, referring
to types of knowledge outside the socially dominant, usually Western science. The term specifically references the power differential often present between alternative knowledge systems and
the dominant knowledge system, calling attention to the fact that knowledge outside science is
often denigrated as backward and unsophisticated (Gratani et al. 2011). Wilson (2006) uses the
term generally when referring to political institutional arrangements that provide for nondominant knowledge input. The phrase alternative knowledge system is also common, referencing
the values and worldviews associated with alternative knowledge. Using a case of marine protected area management in Brazil, Gerhardinger and colleagues (2009) concluded that it is the
system part of the knowledge in which ethics play an important role in using multiple knowledges. They proposed a participatory knowledge-building approach to marine management,
rather than the existing knowledge-using approach, to encompass this important context. The
context-sensitive approach of participatory science produces knowledge differently, making
current data management standards—based on Western science—a challenge to the legitimacy
of alternative systems (Newman et al. 2011).
Recognizing the importance of this context sensitivity and using it to directly confront the
global legacy of postcolonialism, a subset of knowledge scholars recognize subaltern knowledge as types of alternative knowledge suppressed by knowledges preferred by colonial powers.
While other terms can engage with issues of power and struggle, “subaltern” is proposed to
explicitly recognize the use of knowledge for empowerment (Kothari 2002). Subaltern knowledge must be translated for incorporation into current social structures, placing it at a distinct
power disadvantage (Jazeel and Mcfarlane 2007). The word “subaltern” more commonly refers
to the knowledge holders, people in a position of colonial dispossession, which restricts the
discussion of knowledge to one intricately linked with power.
Individuals can possess multiple types of knowledge or blend these classifications as well as
others. Citing the heavy flow between indigenous and scientific knowledge, Agrawal (1995)
questions whether delineating different types of knowledge risks falsely encapsulating living,
dynamic people and missing their changes over time. Instead, Agrawal and many other science
and technology scholars (e.g., Jasanoff, Wynne, and Latour) argue that all knowledge is partial,
constructed, and positioned in cultural context. However, because power is linked to certain
ways of knowing and not all types are invited to decision-making tables, it is still helpful to name
the different types (Kothari 2002). For the sake of this review, I will continue to use the term
alternative knowledge to represent forms of knowledge outside the standard scientific positivist
tradition (as described in Popper 1959).

Case Studies
The three cases featured in this review are far from the only types of research that stand to benefit
from using diverse ways of knowing for creative problem solving. I selected them because efforts
at knowledge integration began before educational scholars fully understood the multiplicity of
knowledges every individual holds, so they represent independent efforts at utilizing diversity
in hopes of new approaches to stale environmental problems. A look across disciplines currently
engaging multiple ways of knowing offers a menu of possible strategies to structure that engagement, complete with benefits and drawbacks described after reflection on those strategies. These
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strategies include citizen science, recognizing and incorporating different means of information
transmission, and coproducing knowledge, among others.
Experiences on the ground fall across a spectrum, between merely incorporating additional
ways of knowing to systematically changing professional practice; location on the spectrum
changes over time in response to ethical critique and experience achieving desired results. I will
present three case studies that fall along this spectrum. First, meteorology successfully incorporates volunteers into their Cooperative Observer system to better understand weather patterns
and, more recently, climate trends. Second, ethnobotany solicits local botanical knowledge to
advance the world’s pharmacopeia. Third, systems ecology looks at indigenous understandings
of ecosystems and related management systems to better understand dynamism in nature. As
a means of comparison, this review highlights the following components of each program: the
major research methods used through time, stated priorities and goals, underlying values, ethical practices, and approaches to new knowledge creation (in that order). The purpose is to
shed light on the culture supporting each individual discipline, as well as the underlying goal—
creativity—uniting them all.

Meteorology
One of the oldest participatory science projects is the National Weather Service’s (NWS) Cooperative Observer system, which “is truly the Nation’s weather and climate observing network of,
by, and for the people” (NWS n.d.). The scientific endeavor was established before hard societal
delineation of scientific and alternative knowledge. Made official by the Organic Act of 1890,
the data records extend back to 1644, with John Companius’s observations (NWS n.d.), and
include records from the Smithsonian weather-observing network and the US Signal Service
(Doesken and Reges 2010). It currently relies on over 11,000 citizens to place and monitor thermometers, rain gauges, and other weather monitors nationwide. Data is sent daily and stored in
the National Climatic Data Center, where it is publicly available for analysis. According to the
NWS’s website, 77 percent of data requests come from businesses, 13 percent from the public,
6 percent from government, and 4 percent from academics.
The recent advent of remote sensing and other meteorological technology has not suppressed
excitement in the program, instead spawning new and more detailed spinoffs, including the
Community Collaborative Rain, Hail, and Snow network (CoCoRaHS) and Weather Underground (Doesken and Reges 2010). Weather data also created demand for paired programs
like the National Phenology Network monitoring lifecycle stages of organisms (an early form
published data in 1918; Miller-Rushing et al. 2012) and AgClimate, a user-based query system
using NWS Cooperative Observer data to predict agricultural risk at the county scale (Fraisse
et al. 2006). At the most basic level, volunteers “ground truth” satellite data, adding context and
identifying oddities (Doesken and Reges 2010). In complex issues like phenology, the participants’ data add a detailed extra layer of explanation to help determine what might be driving
observed trends (Morisette et al. 2009).
The NWS Cooperative Observer program depends on large amounts of data at the relatively
small spatial scales at which weather occurs. The claim to fame for this program is the exceptional length of small-scale weather records that were first used to describe natural oscillations
and more recently to document climate trends, even in areas with complex climates like North
Carolina (Boyles and Raman 2003). The longevity of the program also lends credibility to the
data as a demonstrated record of success and means of working through periods of insufficient
funding (Clark and Illman 2001). The rich small-scale data is consistently more complex than
computer-derived models and can be used to backcast, improving predictive models (Clark and
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Hay 2004). The visibility of the NWS and the similarly aged Audubon Christmas Bird Count
sparks interest in related scientific inquiry, and both now host questions raised by volunteers
(Clark and Illman 2001).
Modern meteorology is an observation-dependent discipline where measurements are
sometimes estimated and dependent on the microclimate of a particular place. While the NWS
Cooperative Observer volunteers all receive extensive training and have ample opportunity to
ask questions with their local scientific coordinator, the program values the sheer quantity of
observations and information about those observations that can then be measured and compared (Doesken and Leffler 2010). The small-scale and long-term data set is perfectly poised
to answer questions of climate variability and directionality, a question that lies outside the
life span of any one investigator (Miller-Rushing et al. 2012). Given that the data are mostly
requested by businesses, questions asked are inherently applied in a surprising array of places—
for example, setting insurance rates for entertainment and determining how rain affects elementary classroom behavior (Doesken and Reges 2010).
As a data-rich pioneer in citizen science, the program was initially structured in the contributory model (a term used in Bonney et al. 2009), where participants feed data to scientist
interpreters. As the program developed a direction of its own, it become more collaborative,
with volunteers and data users directing research questions and data interpretation. Because
the program is largely valued for its longevity, the methodology has remained the same since
codification in 1890 and must remain so for comparability (NRC 1998). Therefore, modern
knowledge creation is not in adding the millionth data point, but in the uses a comprehensive
data set can serve. The longer the program is in existence, the more of these uses emerge from
both volunteers and program coordinators—most recently and arguably most importantly, the
utility of the data in tracking climate trends for the United States (Miller-Rushing et al. 2012).
Because the NWS Cooperative Observer program developed in an era when citizen science
was a normal part of scientific inquiry (Silvertown 2009), it did not face concerns about data
quality and trust between volunteers and the scientists that use the data that are common in
citizen science today. The program is so institutionalized as a part of American society that
many people do not realize the extent to which the data contributes to daily life (Doesken and
Reges 2010), accepted as part of the current weather report. The program now depends on
crowdsourced cyberinfrastructure, leaving the direction of the program in the hands of users
under the ethic “the more the merrier” (Wiederhold 2011). However, a 1998 NRC report determined that volunteers felt “a pervasive sense” that the Cooperative Observer program needs
more big-picture oversight to care for long-term data planning and the budget rather than the
current scattered, crowdsourced contributions (NRC 1998). Such oversight would open a power
dynamic concerning who decides how detailed long-term plans are; a later NRC report decided
that designating people and technologies and, in particular, restricting responsibilities is “counterproductive and diversionary” to “fair weather” meteorological science partnerships (NRC
2003: 3).

Ethnobotany
Diverse chemicals lie in the flora of culturally and biodiverse regions of the world. Traditional
medicines make use of those chemicals, and bioprospecting new pharmaceuticals from such
medicines continues to aid drug development (Heinrich et al. 2009). The most common methods in ethnobotany are interview-based, best paired with visual confirmation from photo
elicitation, a “walk in the woods”, or garden tours (Thomas et al. 2007). Mistakes and ethical
oversights by early bioprospectors led to the development of patchy international agreements
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through the World Intellectual Property Association and the Convention on Biological Diversity to protect access and benefit sharing, as well as provide for the preservation of these diversity hot spots (Oguamanam 2004). As a result, efforts shifted from merely collecting knowledge
of useful plants to modeling cultural transmission of that information as appropriately as possible, for example, by encouraging grandmothers to teach scientists (Wenzel-Geissler and Prince
2009) and performing plays (Mueller et al. 2012) that encapsulate the alternative way of knowing in addition to the knowledge. Ethnobotanists intended these changes to increase respect for
alternative knowledge producers and document their learning approaches to increase creative
potential in the Western pharmacopoeia. A recent evaluation of the field of ethnobiology determined that the interdisciplinary field “negotiates the spaces between epistemologies and ways of
knowing in the world” (Wyndham et al. 2011: 111).
Modern ethnobotany priorities include medicine but extend to larger societal issues, as “ethnobotany’s position at the human-environment interface, as well as at the interface between
different social groups, knowledge systems and academic disciplines, provides a strategically
privileged position from which to engage with many of today’s complex social and environmental problems” (Alexiades 2003: 15). Lessons learned from challenges plus the promise of
emergent creativity from relationships formed at this interface offer practical hope for solutions
to a variety of societal needs (Wenzel-Geissler and Prince 2009). A recent review of Journal
of Ethnopharmacology articles urges conceptual and methodological requirements for the field
as a means of professional practice and successful drug finding (Heinrich et al. 2009). Another
review in Human Ecology asks whether “ethnobotany as a science has generated any general
principles that can aid in the response to this growing demand for answers and solutions”
(Albuquerque and Hanazaki 2009: 653). The authors identify five challenges that need to be
addressed for the production of new ethnobotanical knowledge: attention to previous literature
in ecology and participation, lack of overarching theoretical framework, need to use both qualitative and quantitative data when appropriate, oversimplification of results, and weak links to
related disciplines.
The practice of bioprospecting that is inextricably linked to ethnobotany transformed the
treatment of alternative knowledge into a “cultural good”, traded in financial markets for its
moneymaking potential in the pharmaceutical industry, agroindustries, and the Convention on
Biological Diversity (Antweiler 1998)—for better (Posey 2002) or for worse (Castree 2003). As
shown through a large multidisciplinary study of Kenyan knowledge, this separation of facts and
resultant actions assumes a unified underlying reality and ignores that “the effects of knowing
change when operations of knowing are moved between contexts” (Wenzel-Geissler and Prince
2009: 601). The Kenyan study also documented that problem solving does not come from better
understanding the problem, but in leveraging social relations that determine a system’s creative
capacity (Wenzel-Geissler and Prince 2009).
Ethnobotany is embroiled in a long-standing debate over cultural preservation and intellectual property rights; on one hand, the knowledge is commodified for meeting development
goals, while on the other hand, solidifying property rights contributes to the production of an
alienable resource (Antweiler 1998). The very process of using Western intellectual property
legislation separates the alternative knowledge from the way of knowing that created it and
associated cultural protections and practices (Oguamanam 2004) and, as documented in the
Pacific Islands nations, speeds the commodification and appropriation process (Parry 2002).
Formed on the heels of serious property rights violations, ethnobiology professional associations view themselves at “the leading edge in the development of ethics theory and practice”
(Wyndham et al. 2011: 111). Still, legal scholars posit that long academic and legal debates stifle the very scientific, political, and cultural creativity that motivated development of the field
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in the first place (Schmidt 2008). Therefore, in places not tied directly to intellectual property
agreements, institutions guarding research ethics may provide needed structure to protect alternative knowledge holders (Bannister 2009).
Much of the ethnobotanical literature can be criticized for treating alternative knowledge
as a static entity for collection to be put to practical use, but generating new knowledge from
these systems requires action research (Antweiler 1998). Like in many contexts, creating new
knowledge is where the dichotomy between alternative knowledge and scientific knowledge
falls apart; a study of Indian tree management systems found that “diverse primary level practices and secondary level concepts are intermingled in ways that would be difficult to anticipate
from separate understandings of the individual knowledge systems involved” (Brodt 1999: 357).
Instead, modern developments are pulled from the diverse combined experiences of people
working in a particular forest.

Systems Ecology
The scientific realization that humans in a landscape can serve a positive role in landscape conservation (Fairhead and Leach 1996) and the shift away from the model of observing “wilderness” as pristine ecology (Cronon 1996) challenged systems ecologists to theorize an ecosystem
with the help of its resident citizens and their values, practices, and worldviews. These developments in the English-speaking world are decades behind similar conclusions in other cultures, most notably among German and Israeli landscape ecologists in the mid-1900s (reviewed
in Naveh 1982). Resulting developments spawned a relatively large selection of methods to
respectably and equitably solicit and combine diverse ways of knowing with the aim of seeing
the complete picture, including cybernetics (Naveh 1982), participatory geographic information systems (GIS; Newman et al. 2011), games (D’Aquino et al. 2003), participatory modeling,
including cognitive mapping and qualitative systems dynamics (Mendoza and Prabhu 2006),
roundtables and workshops (Luz 2000), Bayesian belief networks (Smith et al. 2007), and causal
flow diagramming and other systems dynamics tools (Abel and Stepp 2003). More structured
methods attempt to make sense of a complex network of dynamic information that inevitably
emerges from a diverse group of thinkers (Mendoza and Prabhu 2006) and contribute theoretically to a science of complex systems, including the study of weather (Abel and Stepp 2003).
A study of the European Union Water Framework Directive described the goals of its adaptive and participatory process as to “think like an ecosystem,” harkening back to Aldo Leopold’s
dictate to “think like a mountain” (Tippett 2005). This and other studies use the ecosystem
understanding in a normative way, with the goal of sustainable living—that is, figuring out how
best to actively design an ecosystem with its human actors. As a result, in Turkana silvopastoral
systems, for example, the participatory description focused on existing positive practices and
holistic preventative sustainability measures rather than the typical problem-driven approach
(Barrow 1991). Agriculturists also realized the need for new approaches for learning to deal
with high uncertainty and interpretive data (Pretty 1995). Fundamentally, however, including
humans in systems ecology overturned deeply ingrained beliefs in Clementsian climax ecology
and required entirely new theoretical and methodological approaches to the science of ecology
(Naveh 1982). Developing this approach is sometimes described as a metaphorical boat traveling between the unknown shores of disciplines and knowledge systems (Cundill et al. 2005).
The systems ecology approach directly values diverse perspectives, recognizing that in the
past, incorrect understandings led to negative outcomes. Resilience created through increasing
the number of options in water management, for instance, leads facilitators to encourage envisioning the big picture and respecting “the green shoots of new seedlings” that sprout through-
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out the network of processes in the system (Tippett 2005: 608). In their review of socioecological
systems in crisis, Folke and colleagues (2005) found that social institutions enabling collaboration and conflict resolution framed creativity for successful renewal and reorganization in
response to the crisis. Collaboration builds trust through creating a new, shared knowledge base
that leads to mobilization and self-organization (Lebel et al. 2006).
Research priority setting should be in the hands of participants, so the “expert” in systems
ecology research now takes the role of facilitator. In Turkana silvopastoral systems, for example, extension agents filled this role after cultural awareness training (Barrow 1991). In several
landscape ecology and planning exercises in Germany, public awareness and participation was
necessary to include not only the information from stakeholders but also their worldviews, for
a holistic description of the system (Luz 2000). Pulling from participatory agricultural development, Rocheleau (1994: 4) warns that involvement alone is not the answer, citing a need to
“broaden our definitions of research and participation, to accommodate a wide spectrum of
land users and local knowledges and to expand our repertoire of research methods,” going on to
describe a number of institutions successful in facilitating this new type of research.
In Queensland, Australia, multiple tools for participatory systems analysis provided an accurate analysis with feasible steps toward improving fire management and identified where areas
of new research would provide the most help (Smith et al. 2007). The different types of knowledges (paradigmatic, normative, descriptive, analytic, etc.) that new forms of ecology combine
shape a more robust and holistic system for examining and designing the world (Ehrenfeld
2000). Eksvärd and Rydberg (2010) describe through their case of organic tomato production
how participatory action research and systems ecology research complement and add to each
other through the collaborative learning process in moving toward describing an open, dynamic
system and transitioning to a more complex domain of knowledge creation.
Systems and landscape ecology participatory approaches follow closely on the heels of
agroecosystem research, which first realized the need for postpositivist methods and created
“a whole new professionalism” based around new systems of participatory learning focused
on trust (Pretty 1995: 1247). Early ecologists responding to research in emergent properties
of complex “biosystems” stated an ethical obligation not to follow reductionist tendencies in
ecology to quantify energy flow but to qualitatively describe system structure and information
flow (Naveh 1982). There is still a divide as to whether this philosophical shift simply changes
the methods associated with the science of ecology, or whether the normative potential of the
research necessitates participatory practice (Ehrenfeld 2000).

What Pioneers Teach Us about Methods and Theory
for Creative Problem Solving
Each discipline uses different ways of knowing to meet different ends, be that gathering as much
information as possible or creating solutions to particular problems. However, more general
benefits are shared across approaches. For example, the NWS Cooperative Observer program
started with the aim of informing the daily weather reports, but now holds one of the most
informative data sets for the understanding of climate change. In ethnobotany, the quest for cataloguing plant chemistry became a route for rural development and began to question the ability to “collect” information free of its cultural context. In some cases, the chemicals identified as
potential pharmaceuticals did not work outside the spiritual rituals and preparations meant to
deliver the medication (Erlin and Berlin 2004). Each of these cases makes apparent the value of
a more holistic view of knowledge, the potential benefits, and the contexts from which it arises.
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There are some shared theoretical constructs between the three cases discussed here. For
one, the push for integrating types of knowledge feeds into the human tendency to classify ways
of knowing to ensure diverse representation, even though these categories are arbitrary and
relationships between them complex (Raymond et al. 2010). Whether that classification comes
in the form of how knowledge is taken up and formed, like the multiple intelligences of education theory (Gardner and Hatch 1989), or based on the origin’s ethical and geographical context, like the place-based classifications of systems ecology (Berkes 2008), each case recognizes
that knowledge is rooted in a multiplicity of individual worldviews. Instead of clear divisions
between types, these roots of knowledge are tangled, intertwined, and sometimes merge. In his
critique of the knowledge divide, Agrawal (1995) describes how naming knowledge scientific
or indigenous reinforces power dynamics already present—by dividing types of knowledge and
thus allowing one to be placed higher than the other. Instead, these cases illustrate the value of
elucidating the structure and relationships among those roots.
Attempts at separating ways of knowing for collection and analysis have made apparent that
knowledge is not a stand-alone concept. Our ways of defining and delimiting knowledge itself
affects how knowledge is produced, and determines whether creative problem solving will take
place. For the NWS Cooperative Observer program, fostering new knowledge involved welcoming as many people as possible to the thinking table, extending from their roots as widescale data collectors to the transformative potential of querying that enormous data set from a
variety of perspectives. For systems ecology, the theoretical approach started with what constitutes nature and the conceptual links between humans and nature. Through participatory
stakeholder approaches and new conceptual structures like ecosystem-based management,
ecosystem ecologists reached a similar conclusion in the need for the facilitation of the sharing of diverse perspectives. Ethnobotany pushed a bit farther, in response to critiques of early
research practices, to explicitly foster knowledge creation through diverse ways of learning—be
that through interviewing grandmothers or putting on plays. All this is based on what education scholars have long told us—that learning for problem solving is inherently a group effort,
involving multiple pedagogies for the transfer of information and the explicit development of
both new knowledge and the links between existing knowledges. Despite this readily accessible foundation, each scientific discipline independently rediscovered the need for participatory, collaborative, coproduction of knowledge, to both see the whole picture and develop new
knowledge. Understanding the basis of knowledge production should then dictate what methods must be used to move forward in the field.
The case studies show that in order to effectively coproduce knowledge and solve real problems, the following considerations are crucial: to show appreciation for the value of diverse
ways of knowing; to not compartmentalize knowledge in a culturally inappropriate manner;
and to define ethical practices and expectations for those involved in knowledge production.
Each discipline may have their own methodological requirements, but these three practices cut
across all three cases described, and each would help future efforts at utilizing coproduction of
knowledge, avoiding the pitfalls of the past.
It is important to remember that these different disciplines put effort into thinking about
different ways of knowing not out of an ethical commitment to be inclusive but because they
receive direct benefits as a community of scholars through the increased number of intellectual possibilities made available by diverse perspectives. To a certain degree, the question then
becomes, is there a systematic, culturally appropriate way to express appreciation for that value
and somehow compensate the knowledge holders? For the NWS Cooperative Observer program, the value in a large-scale citizen science project is in the possibilities offered by such an
undertaking: the products of the research become something larger than any one individual
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within it, be that a citizen participant or scientific analyst, placing appreciation on the founders
of the program and the potential useful discoveries of the future. In systems ecology, the potential value is in increasing resilience in the face of ecological crisis through an increased number of adaptation options derived from multiple worldviews and perspectives of the ecosystem.
In ethnobotany, the value of biodiversity becomes a proxy for a list of potential disease cures.
Through field experiences, ethnobotanists have also come to value the cultural contexts that created traditional medicines and the creativity and pharmaceutical potential emergent in the network of people thinking about plant chemistry. For each field, a plethora of options on the table
and acceptance of different perspectives and ways of learning are key; this is a move away from
a standard research approach toward triangulating “truth” from a number of different paths.
Lessons from the search for transformative learning tell us that spirituality, culture, and worldview are all part of the learning process and continue to shape interpretation of knowledge
(Ettling 2006). Similar lessons emerge in systems ecology as practitioners realize people do not
cleanly divide the scientific from the spiritual or political (Mueller et al. 2012). Ethnobotany,
through seeking out alternative knowledge, changes the way we think about knowledge systems and makes a case for recognizing the particularistic and fragmented logic originating from
just a single cultural context, with lessons to be learned on both the knowledge holders’ side
and the scientific side (Kothari 2002). Even the earliest of these cases, tracking weather data,
has evolved into something more complicated than simply recording rainfall and temperature,
tracking urban development patterns for microclimates, contributions to climate change, and
a plethora of other details, as participants see necessary. Information, especially with the aim
of solving complex problems, cannot be compartmentalized by topic or discipline. To this end,
the existing practices of these pioneering scientific disciplines suggest that all knowledge types
and ways of learning can and should be incorporated into research from the beginning, from
problem definition, through the end goal of knowledge contribution, to a coproduced solution.
The most important methodological conclusion resulting from the lessons of early coproduced knowledge is the intentional attention to ethical practices that are needed as both a matter of procedure and to ensure legitimate results. This is also where shared expectations across
disciplines are useful from the participants’ perspectives (who may not see the divisions of the
ivory tower as clearly as academic researchers). The NWS Cooperative Observer program is as
inclusive as possible and has been from the origin of the program. While they have succeeded in
ameliorating issues of access, the large number of diverse participants with different reasons to
participate creates a data management challenge and questions whether some participants and
their data may get lost in the shuffle. In systems ecology, the ethical push is for researchers to
shift their science philosophy past positivism and include multiple methodologies to capture the
multiple ways of transmitting information, especially participatory and collaborative methods.
In ethnobotany, the role of ethics was the most overt, and is now institutionalized in the form
of intellectual property and research agreements for each project, as expected by a professional
code of ethics. Though each field determined their standards of ethics differently, they share
a call for attention to diversity in learning styles and underlying worldviews and seek fair and
equal treatment for all ways of knowing as a means of showing the value of their contributions.

Conclusion
The epiphany that knowledges outside of professional science have something to offer is just a
first step, soon followed by scholarship on the nature of knowledge itself, how it is learned, measured, and recorded. Successfully incorporating diverse ways of knowing requires a philosoph-
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ical shift in what constitutes expertise, how research is conducted, and the nature of research
relationships. In the environmental sciences, there is ample evidence that different ways of
knowing can be successfully incorporated into research, so long as someone consciously thinks
about the best form of integration, that is, through coproduction of knowledge and careful
attention to context. Examples emerging separately at different points in time to meet a variety
of scientific needs show that not only can knowledge be successfully integrated, but the efforts at
integration pay off in terms of creative approaches to environmental problem solving.

䡲

ACKNOWLEDGMENTS

The author acknowledges Paul Russell for motivating her to write this article and keeping her
fed with delicious southeastern US seafood while doing so. She also acknowledges Lisa Campbell and two anonymous reviewers for their detailed comments.

䡲

AMY FREITAG is an independent scholar who works on the human dimensions of ocean

conservation. She is interested in how participatory science might help bridge science and
conservation action and has worked with citizen science groups in California and smallscale fishermen in North Carolina to explore different models of participatory science. Find
out about these research projects and her teaching and outreach at www.amyfreitag.org.

䡲

REFERENCES

Abel, Thomas, and John Richard Stepp. 2003. “A New Ecosystems Ecology for Anthropology.” Conservation Ecology 7, no. 3: http://www.consecol.org/vol7/iss3/art12.
Agrawal, Arun. 1995. “Dismantling the Divide Between Indigenous and Scientific Knowledge.” Development and Change 26, no. 3: 413–439.
Albuquerque, Ulysses Paulino, and Natalia Hanazaki. 2009. “Five Problems in Current Ethnobotanical
Research—and Some Suggestions for Strengthening Them.” Human Ecology 37, no. 5: 653–661.
doi:10.1007/s10745-009-9259-9.
Alexiades, M. N. 2003. “Ethnobotany in the Third Millennium: Expectations and Unresolved Issues.”
Delpinoa 45: 15–28.
Antweiler, Christopher. 1998. “Local Knowledge and Local Knowing: An Anthropological Analysis of
Contested ‘Cultural Products’ in the Context of Development.” Anthropos 93: 469–494.
Bannister, Kelly. 2009. “Human Research Ethics Guidelines as a Basis for Consent and Benefit Sharing:
A Canadian Perspective.” Pp. 303–314 in Indigenous Peoples, Consent, and Benefit Sharing: Lessons
from the San-Hoodia Case, ed. Rachel Wynberg, Doris Schroeder, and Roger Chennells. Dordrecht:
Springer.
Barrow, E. G. C. 1991. “Evaluating the Effectiveness of Participatory Agroforestry Extension Programmes in a Pastoral System, Based on Existing Traditional Values: A Case Study of the Turkana
in Kenya.” Agroforestry Systems 14: 1–21.
Berkes, Fikret. 2008. Sacred Ecology. Sussex: Psychology Press.
Bonney, Rick, Heidi L. Ballard, Rebecca Jordan, Ellen McCallie, Tina Phillips, Jennifer L. Shirk, and
Candie C. Wilderman. 2009. Public Participation in Scientific Research: Defining the Field and
Assessing Its Potential for Informal Science Education. A CAISE Inquiry Group Report. Washington,
DC: Center for Advancement of Informal Science Education.
Boyles, Ryan P., and Sethu Raman. 2003. “Analysis of Climate Trends in North Carolina (1949-1998).”
Environment International 29, nos. 2–3: 263–275. doi:10.1016/S0160-4120(02)00185-X.

42

䡲

Amy Freitag

Brodt, Sonja B. 1999. “Interactions of Formal and Informal Knowledge Systems in Village-Based Tree
Management in Central India.” Agriculture and Human Values 16: 355–363.
Burnard, Pamela. 2006. “Reflecting on the Creativity Agenda in Education.” Cambridge Journal of Education 36, no. 3: 313–318. doi:10.1080/03057640600865801.
Castree, Noel. 2003. “Commodifying What Nature?” Progress in Human Geography 27, no. 3: 273–297.
doi:10.1191/0309132503ph428oa.
Cates, Camille. 1979. “Beyond Muddling: Creativity.” Public Administration Review 39, no. 6: 527–532.
Clark, Fiona, and Deborah Illman. 2001. “Dimensions of Civic Science: Introductory Essay.” Science
Communication 23, no. 1: 5–27. doi:10.1177/1075547001023001002.
Clark, Martyn P., and Lauren E. Hay. 2004. “Use of Medium-Range Numerical Weather Prediction
Model Output to Produce Forecasts of Streamflow.” Journal of Hydrometeorology 5: 15-32.
Correia, David. 2013. “F**k Jared Diamond.” Capitalism Nature Socialism 24, no. 4: 1–6. doi:10.1080/104
55752.2013.846490.
Cronon, William. 1996. “The Trouble with Wilderness: Or, Getting Back to the Wrong Nature.” Environmental History 1, no. 1: 7–28.
Cundill, Georgina N. R., Christo Fabricius, and Neus Marti. 2005. “Foghorns to the Future: Using
Knowledge and Transdisciplinarity to Navigate Complex Systems.” Ecology And Society 10, no. 2:
http://www.ecologyandsociety.org/vol10/iss2/art8.
D’Aquino, Patrick, Christophe Le Page, Franois Bousquet, and Alassane Bah. 2003. “Using Self-Designed
Role-Playing Games and a Multi-Agent System to Empower a Local Decision-Making Process for
Land Use Management: The SelfCormas Experiment in Senegal.” Journal of Artificial Societies and
Social Simulation 6, no. 3. Published electronically 30 June. http://jasss.soc.surrey.ac.uk/6/3/5.html
(accessed 15 August 2014).
Davis, Norah Deakin. 1994. “Hawaii: Forestry’s Best-Kept Secret.” American Forests 100, nos. 9–10: 42.
Davis-Manigaulte, Jacqueline, Lyle Yorks, and Elizabeth Kasl. 2006. “Expressive Ways of Knowing
and Transformative Learning.” New Directions for Adult and Continuing Education 109: 27–35.
doi:10.1002/ace.
Doesken, Nolan, and Robert J. Leffler. 2010. “Snow FOOLIN’: Accurately Measuring Snow Is an Inexact
but Important Science.” Weatherwise 53, no. 1: 37–41.
Doesken, Nolan, and Henry Reges. 2010. “The Value of the Citizen Weather Observer.” Weatherwise,
November/December: 30–37.
Edmonton Journal. 1989. “World’s Medicine Chest Faces Uncertain Future.” 31 March.
Ehrenfeld, John. 2000. “Industrial Ecology: Paradigm Shift or Normal Science?” American Behavioral
Scientist 44, no. 2: 229–244.
Eksvärd, Karin, and Torbjörn Rydberg. 2010. “Integrating Participatory Learning and Action Research
and Systems Ecology: A Potential for Sustainable Agriculture Transitions.” Systemic Practice and
Action Research 23, no. 6: 467–486. doi:10.1007/s11213-010-9172-6.
Engel, C. E. 1992. “Problem-Based Learning.” British Journal of Hospital Medicine 48, no. 6: 325–329.
Erlin, Brent, and Elois Ann Berlin. 2004. “Community Autonomy and the Maya ICBG Project in Chiapas, Mexico: How a Bioprospecting Project That Should Have Succeeded Failed.” Human Organization 63, no. 4.: 472-486.
Ettling, Dorothy. 2006. “Ethical Demands of Transformative Learning.” New Directions for Adult and
Continuing Education 109: 59–67. doi:10.1002/ace.
Fairhead, James, and Melissa Leach. 1996. Misreading the African Landscape: Society and Ecology in a
Forest-Savanna Mosaic. Cambridge: Cambridge University Press.
Fischer, Frank. 2002. “Citizens, Experts, and the Environment: The Politics of Local Knowledge.” Planning Theory & Practice 3, no. 2: 249–255.
Folke, Carl, Thomas Hahn, Per Olsson, and Jon Norberg. 2005. “Adaptive Governance of SocialEcological Systems.” Annual Review of Environment and Resources 30, no. 1: 441–473. doi:10.1146/
annurev.energy.30.050504.144511.
Fortmann, Louise, and Heidi Ballard. 2011. “Sciences, Knowledges, and the Practice of Forestry.” European Journal of Forest Research 130, no. 3: 467–477.

The Promise of Solutions from Increasing Diversity in Ways of Knowing

䡲

43

Fraisse, C. W., N. E. Breuer, D. Zierden, J. G. Bellow, J. Paz, V. E. Cabrera, A. Garcia y Garcia, et al. 2006.
“AgClimate: A Climate Forecast Information System for Agricultural Risk Management in the
Southeastern USA.” Computers and Electronics in Agriculture 53, no. 1: 13–27. doi:10.1016/j
.compag.2006.03.002.
Gardner, Howard, and Thomas Hatch. 1989. “Educational Implications of the Theory of Multiple Intelligences.” Educational Researcher 18, no. 8: 4–10. doi:10.3102/0013189X018008004.
Gerhardinger, Leopoldo C., Eduardo A. S. Godoy, and Peter J. S. Jones. 2009. “Local Ecological Knowledge and the Management of Marine Protected Areas in Brazil.” Ocean & Coastal Management 52,
nos. 3–4: 154–165. doi:10.1016/j.ocecoaman.2008.12.007.
Goldman, Mara. 2003. “Partitioned Nature, Privileged Knowledge: Community-Based Conservation in
Tanzania.” Development and Change 34, no. 5: 833–862. doi:10.1111/j.1467-7660.2003.00331.x.
Gratani, Monica, James R. A. Butler, Frank Royee, Peter Valentine, Damien Burrows, Warren I.
Canendo, and Alex S. Anderson. 2011. “Is Validation of Indigenous Ecological Knowledge a
Disrespectful Process? A Case Study of Traditional Fishing Poisons and Invasive Fish Management from the Wet Tropics, Australia.” Ecology and Society 16, no. 3: 1–14. doi:10.5751/ES-04249160325.
Heinrich, Michael, Sarah Edwards, Daniel E. Moerman, and Marco Leonti. 2009. “Ethnopharmacological Field Studies: A Critical Assessment of Their Conceptual Basis and Methods.” Journal of Ethnopharmacology 124, no. 1: 1–17. doi:10.1016/j.jep.2009.03.043.
Huntington, Henry P. 2000. “Using Traditional Ecological Knowledge in Science: Methods and Applications.” Ecological Applications 10, no. 5: 1270–1274.
Jacobs, Rebecca. 2010. “Series of Puwalus Look Toward Improving Fishing.” Indian Country Today, 6
October.
Jazeel, Tariq, and Colin Mcfarlane. 2007. “Responsible Learning: Cultures of Knowledge Production and
the North–South Divide.” Antipode 39, no. 5: 781–789.
Karp, Hannah. 2010. “Living in Old Hawaii: Henry Rice’s 10,000 Acre Ranch Dates Back to the Monarchy.” Wall Street Journal, 22 January.
Kimmerer, Robin Wall. 2012. “Searching for Synergy: Integrating Traditional and Scientific Ecological
Knowledge in Environmental Science Education.” Journal of Environmental Studies and Sciences 2,
no. 4: 317–323. doi:10.1007/s13412-012-0091-y.
Kothari, Brij. 2002. “Theoretical Streams in Marginalized Peoples’ Knowledge(s): Asystems, and Subaltern Knowledge(s) Systems.” Agriculture and Human Values 19: 225–237.
Lebel, L., J. M. Anderies, B. Campbell, C. Folke, T. P. Hughes, and James Wilson. 2006. “Governance and
the Capacity to Manage Resilience in Regional Social-Ecological Systems.” Ecology and Society 11,
no. 1.
Lumsdaine, Edward, and Monika Lumsdaine. 1994. “Creative Problem Solving.” IEEE Potentials 13, no.
5: 4–10.
Luz, Frieder. 2000. “Participatory Landscape Ecology: A Basis for Acceptance and Implementation.”
Landscape and Urban Planning 50, nos. 1–3: 157–166. doi:10.1016/S0169-2046(00)00087-6.
Matt, Don. 2000. “Prescribed Burning Part of Forest Plan.” Char-Koosta News, 1 September.
May, Rollo. 1975. The Courage to Create. New York City: Norton.
McGinley, William, and Robert J. Tierney. 1989. “Traversing the Topical Landscape: Reading and Writing as Ways of Knowing.” Written Communication 6, no. 3: 243–269. doi:10.1177/074108838900600
3001.
McIlroy, Anne. 1991. “Seeking Wonder Drugs Among Forest’s Secrets; Scientists Travel to Remote Villages to Pick Brains of Traditional Healers.” Montreal Gazette, 16 February.
Mendoza, Guillermo A., and Ravi Prabhu. 2006. “Participatory Modeling and Analysis for Sustainable
Forest Management: Overview of Soft System Dynamics Models and Applications.” Forest Policy
and Economics 9, no. 2: 179–196. doi:10.1016/j.forpol.2005.06.006.
Miller-Rushing, Abraham, Richard Primack, and Rick Bonney. 2012. “The History of Public Participation in Ecological Research.” Frontiers in Ecology and the Environment 10, no. 6: 285–290.
doi:10.1890/110278.

44

䡲

Amy Freitag

Mills, Julie E., and David F. Treagust. 2003. “Engineering Education: Is Problem-Based or Project-Based
Learning the Answer?” Australasian Journal of Engineering Education: 1–16. Published electronically. http://www.aaee.com.au/journal/2003/mills_treagust03.pdf (accessed 15 August 2014).
Morisette, Jeffrey T., Andrew D. Richardson, Alan K. Knapp, Jeremy I. Fisher, Eric A. Graham, John
Abatzoglou, Bruce E. Wilson, et al. 2009. “Tracking the Rhythm of the Seasons in the Face of Global
Change: Phenological Research in the 21st Century.” Frontiers in Ecology and the Environment 7, no.
5: 253–260. doi:10.1890/070217.
Mueller, Michael P., and Michael L. Bentley. 2007. “Beyond the ‘Decorated Landscapes’ of Educational
Reform: Toward Landscapes of Pluralism in Science Education.” Science Education 91, no. 2: 321–
338. doi:10.1002/sce.
Mueller, Michael P., Deborah Tippins, and Lynn Bryan. 2012. “The Future of Citizen Science.” Democracy and Education 20, no. 1.: 1–17.
Naveh, Zeb. 1982. “Landscape Ecology as an Emerging Branch of Human Ecosystem Science.” Advances
in Ecological Research 12: 189–237.
Newman, Greg, Jim Graham, Alycia Crall, and Melinda Laituri. 2011. “The Art and Science of MultiScale Citizen Science Support.” Ecological Informatics 6, nos. 3–4: 217–227. doi:10.1016/j.ecoinf
.2011.03.002.
Noble, Robert. 1990. “The Discovery of the Vinca Alkaloids-Chemotherapeutic Agents Against Cancer.”
Biochemical Cell Biology 68: 1344–1351.
NRC (National Research Council). 1998. Future of the National Weather Service Cooperative Observer
Network. Washington, DC: National Academies Press.
NRC (National Research Council). 2003. Fair Weather: Effective Partnerships in Weather and Climate
Services. Washington, DC: National Academies Press.
NWS (National Weather Service). n.d. “What Is the Coop Program?” NOAA’s National Weather Service
Cooperative Observer Program. http://www.nws.noaa.gov/om/coop/what-is-coop.html (accessed
18 August 2014).
O’Leary, Shannon. 1998. “Maui Makeover.” Seattle Magazine, June.
Oguamanam, Chidi. 2004. “Localizing Intellectual Property in the Globalization Epoch: The Integration
of Indigenous Knowledge.” Indiana Journal of Global Legal Studies 11, no. 2: 135–169. doi:10.1353/
gls.2004.0016.
Parry, Bronwyn. 2002. “Cultures of Knowledge: Investigating Intellectual Property Rights and Relations
in the Pacific.” Antipode 34, no. 4: 679–706. doi:10.1111/1467-8330.00265.
Pauly, D., and M. L. D. Palomares, R. Froese. 1993. “Some Prose on a Database of Indigenous Knowledge
on Fish.” IK and Development Monitor l, no. 1: 26–27.
Peel, Michael. 2001. “Prospectors and Poverty Mar Island Paradise: The Gem Seekers of Madagascar Are
Digging Their Way through One of the Globe’s Richest Natural Environments.” Financial Times, 3
February.
Popper, Karl. 1959. The logic of scientific discovery. Sussex: Psychology Press.
Posey, Darrell A. 2002. “Commodification of the Sacred through Intellectual Property Rights.” Journal of
Ethnopharmacology 83, nos. 1–2: 3–12. doi:10.1016/S0378-8741(02)00189-7.
Prentice, Roy. 2000. “Creativity: A Reaffirmation of Its Place in Early Childhood Education.” Curriculum
Journal 11, no. 2: 145–158. doi:10.1080/09585170050045173.
Pretty, Jules. 1995. “Participatory Learning for Sustainable Agriculture.” World Development 23, no. 8:
1247–1263.
Raffles, H. 2002. “Intimate Knowledge.” International Social Science Journal 54, no. 173: 325–335.
Ram, Preetha. 1999. “Problem-Based Learning in Undergraduate Instruction. A Sophomore Chemistry
Laboratory.” Journal of Chemical Education 76, no. 8: 1122. doi:10.1021/ed076p1122.
Raymond, Christopher M., Ioan Fazey, Mark S. Reed, Lindsay C. Stringer, Guy M. Robinson, and Anna
C. Evely. 2010. “Integrating Local and Scientific Knowledge for Environmental Management.” Journal of Environmental Management 91, no. 8: 1766–1777. doi:10.1016/j.jenvman.2010.03.023.
Robert Remington. 2002. “Research Shows Native Fires Shaped Banff: Shatters Popular Views: Studies
Reveal Wildlife Habitats, Vegetation Altered.” National Post, 23 March.

The Promise of Solutions from Increasing Diversity in Ways of Knowing

䡲

45

Rocheleau, Dianne E. 1994. “Participatory Research and the Race to Save the Planet: Questions, Critique, and Lessons from the Field.” Agriculture and Human Values 11, nos. 2–3: 4–25.
Ruddle, Kenneth. 1994. “Local Knowledge in the Folk Management of Fisheries and Coastal Marine
Environments.” Pp. 161–206 in Folk Management in the World’s Fisheries, ed. Christopher L. Dyer
and James R. McGoodwin. Boulder: University Press of Colorado.
Ruddle, Kenneth. 2000. “Systems of Knowledge: Dialogue, Relationships and Process.” Environment,
Development and Sustainability 2, nos. 3–4: 277.
Schmidt, Dorothy E. 2008. “Postcard from the Reality-Based Universe: ‘Wish You Were All Here’—a
Meditation on the Relationship Between Science, Intellectual Property Law, and the Rights of Indigenous Populations in Plant Genetic Resources.” Environmental Law 38: 315.
Schumann, Sarah. 2011. “Navigating the Knowledge Interface: Fishers and Biologists Under CoManagement in Chile.” Society & Natural Resources 24, no. 11: 1174–1188. doi:10.1080/08941920
.2010.521810.
Schwartz, Peter. 2013. Problem-Based Learning. London: Routledge. http://books.google.com/books?hl=
en&lr=&id=M-9SAQAAQBAJ&pgis=1. (accessed 25 August 2014).
Semali, Ladislaus, and Audrey Maretzki. 2004. “Valuing Indigenous Knowledges: Strategies for Engaging
Communities and Transforming the Academy.” Journal of Higher Education Outreach and Engagement 10, no. 1: 91–106.
Silvertown, Jonathan. 2009. “A New Dawn for Citizen Science.” Trends in Ecology & Evolution 24, no. 9:
467–471. doi:10.1016/j.tree.2009.03.017.
Simons, Helen. 1996. “The Paradox of Case Study.” Cambridge Journal of Education 26, no. 2: 1–10.
Smith, Carl, L. Felderhof, and O. J. H. Bosch. 2007. “Adaptive Management: Making It Happen Through
Participatory Systems Analysis.” Systems Research and Behavioral Science 587: 567–587. doi:10.1002/
sres.
Sternberg, Robert J. 1998. Handbook of Creativity. Cambridge: Cambridge University Press.
Stinson, John E., and Richard G. Milter. 1996. “Problem-Based Learning in Business Education: Curriculum Design and Implementation Issues.” New Directions for Teaching and Learning 1996, no. 68:
33–42. doi:10.1002/tl.37219966807.
Strauss, Stephen. 1992. “Mind and Matter: Uncovering the Truth Behind the Rape of Madagascar’s Rosy
Periwinkle.” Globe and Mail, 12 September.
Thomas, Evert, Ina Vandebroek, and Patrick Van Damme. 2007. “What Works in the Field? A Comparison of Different Interviewing Methods in Ethnobotany with Special Reference to the Use of Photographs.” Economic Botany 61, no. 4: 376–384. doi:10.1663/0013-0001(2007)61[376:WWITFA]2.0
.CO;2.
Tippett, Joanne. 2005. “Think Like an Ecosystem? Embedding a Living System Paradigm Into Participatory Planning.” Systemic Practice and Action Research 17, no. 6: 603–622. doi:10.1007/
s11213-005-1232-y.
Tolliver, Derise E., and Elizabeth J. Tisdell. 2006. “Engaging Spirituality in the Transformative Higher Education Classroom.” New Directions for Adult and Continuing Education 109: 37–47. doi:10.1002/ace.
Torp, Linda, and Sara Sage. 1998. Problems as Possibilities: Problem-Based Learning for K-12 Education.
Alexandria: ASCD.
Wade, Graham. 2002. “Burn It to Save It; A Century Ago, Blazes Caused by Man Regularly Purged Forests, Says Historian Stephen J. Pyne, Who Warns That Decades of Fire Suppression Have Put the
West One Spark From Conflagration.” Los Angeles Times, 20 October.
WEC (Waia’anae Ecological Characterization). 2012. “WEC: Characterization Description—Ahupua‘a
Management.” http://planning.hawaii.gov/czm/ (accessed 19 November 2013).
Wenzel-Geissler, P., and Ruth J. Prince. 2009. “Active Compounds and Atoms of Society: Plants, Bodies,
Minds and Cultures in the Work of Kenyan Ethnobotanical Knowledge.” Social Studies of Science 39,
no. 4: 599–634. doi:10.1177/0306312709104075.
Wiederhold, Brenda K. 2011. “Citizen Scientists Generate Benefits for Researchers, Educators, Society,
and Themselves.” Cyberpsychology, Behavior and Social Networking 14, no. 12: 703–704. doi:10.1089/
cyber.2011.1534.

46

䡲

Amy Freitag

Wilson, James A. 2006. “Matching Social and Ecological Systems in Complex Ocean Fisheries.” Ecology
And Society 11, no. 1: http://www.ecologyandsociety.org/vol11/iss1/art9/.
Wyndham, Felice S., Dana Lepofsky, and Sara Tiffany. 2011. “Taking Stock in Ethnobiology: Where Do
We Come From? What Are We? Where Are We Going?” Journal of Ethnobiology 31, no. 1: 110–127.
Yanow, Dvora. 2009. “Ways of Knowing: Passionate Humility and Reflective Practice in Research and
Management.” The American Review of Public Administration 39, no. 6: 579–601. doi:10.1177/
0275074009340049.

