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As a scientifi c research discipline, ethnobiology has existed at least since the late 1800s, (Clément 1998; 
Harshburger 1896) and developing a strong sense of direction (Prance et al. 2007; Wyndham et al. 2011). 
Ethnobiology is defi ned as the scientifi c study of the interaction of biota with human cultures. Controversy 
exists about whether ethnobiology constitutes (a) biological sciences as practiced and viewed from within 
different cultures (local science); (b) the study of human interactions with the biological world (global 
science); or (c) some combination of these (McClatchey 2007; Sillitoe 2009). Thus, studies of multi-cultural 
science education are pertinent to ethnobiology education. 

Ethnobiology instructors and scientifi c societies are periodically asked to provide recommendations for 
new instructors developing new ethnobiology courses and curriculum. The major driver behind the produc-
tion of the current document is to generate a simplifi ed starting point of recommendations for instructors, 
one that takes into account the Vision & Change recommendations (Brewer & Smith 2011). Our recom-
mendations will be followed by specifi c examples of ethnobiology curricula that have been used by various 
instructors in the U.S.A. and Canada.

In this document we summarize the state and forseeable future of ethnobiology education, point out the 
link between active learning and ethnobiology, and outline current recommendations for building success-
ful curriculum.

Ethnobiology education

Ethnobiology education has developed more slowly than the discipline of ethnobiology. Reviews of needs 
and opportunities in ethnobiology education have been conducted since at least the 1960s (Bartoo 1964; 
McClatchey 1999; McClatchey 2002; Bennett 2005). These have included recommendations for course 
and program content. Ethnobiology courses and curriculum have been formally published (Wagner 1997; 
McClatchey & Gollin 2005; Bletter 2007; Cooper 2009; Henderson et al. 2012) and hosted on a number of 
university web sites. Studies have been conducted on student learning, teaching methods, and instructional 
environments in ethnobiology courses  (Tull 1994; Cooper 2008; Nguyen et al. 2008; Wagner 2008; Bap-
tista & El Hani 2009; Lau et al. 2009; O’Brien 2010; Savo et al. 2011; Pérez Cuadra et al. 2012).  Differing 
interpretations of ethnobiological knowledge used for instruction have also been explored (Loving 1998; 
Łuczaj 2009). Finally, at the heart of ethnobiology is an understanding that there are different cultural ways 
of knowing and learning that include concepts sometimes called indigenous science (Snively & Corsiglia 
2001).   

Introduction

Abstract
Demand is growing for ethnobiology curricula.  The Open Science Network (OSN) was partially formed to 
address this issue.  The American Association for the Advancement of Science, Vision and Change process 
has produced a call-to-action document that serves as an outline for science curriculum development 
(Brewer & Smith 2011) more recently.  Focused meetings of the OSN have resulted in recommendations 
that can be used to develop curricula ranging in complexity from course modules to courses to entire 
degrees.  Recommendations are presented as an outline for assessment and development of new content. 
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Books suitable as ethnobiology texts have been available for almost a century.  Listed here in publica-
tion order, those in English include (Stanford 1934; Hutchinson & Melville 1948; Hill 1952; Schery 1952; 
Faulks 1958; Schultes & Hill 1960;  Baker 1970; Lewis & Elvin-Lewis 1977;  Tippo & Stern 1977; Langen-
heim & Thimann 1982; Heiser 1985;  Ford 1987; Harris & Hillman 1989;  Jain 1989;  Johns 1990; Lewing-
ton 1990; Berlin 1992; Given & Harris 1994; Cotton 1996; Martin 1995, 2012; Schultes & von Reis 1995; 
Simpson & Conner-Orgorzaly 1995; Alexiades 1996; Balick & Cox 1996; Levetin & McMahon 1996; de-
Munck & Sobo 1998; Fleisher & Harrington 1998; Nazarea 1999; Paye 2000; Minnis 2000; Cunningham 
2001; Ford 2001; Carlson & Maffi  2004).  Recent texts are still available in print (Young 2008; Pieroni & 
Vandebroek 2009; Anderson et al. 2011; Berkes 2012; Johnson & Hunn 2012; Martin 2012) and a new one 
that has resulted from collaborations within the Open Science Network (Quave et al. in prep).

Demand for academic training in ethnobiology in the United States and Canada, which has grown sharply 
over the last 20 years,1 has been largely provided through traditional university departments (e.g., anthro-
pology, biology, botany, and geography), as well as a growing number of interdisciplinary departments 

Fig. 2. Demonstration of an innovative teaching strategy for teaching plant anatomy at an education 
workshop for the Society for Economic Botany, Frostburg, Maryland.

1. A survey of US and Canadian programs in 1995 (McClatchey et al. 1999) revealed no formal undergraduate degree programs, 
13 institutions with 2-4 courses, and 43 institutions with at least one course in ethnobotany. An unpublished, informal survey of 
instructors in the USA and Canada by the Open Science Network in 2011 revealed 3 formal undergraduate ethnobotany degree 
programs, and 65+ institutions offering one or more undergraduate ethnobiology courses. Note that in 2011 a number of additional 
institutions were identifi ed that have programs with courses or degrees that are not specifi cally called “ethnobiology,” “ethnobotany,” 
or something similar, but clearly are providing instruction in the area under the heading of “Natural Resource Management” or 
“Conservation”.
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2. Minority-Serving Institutions: A category defi ned by the U.S.A. National Science Foundation. 
3. Tribal Colleges: A category defi ned by the U.S.A. government. See http://www2.ed.gov/about/inits/list/whtc/edlite-exec.html
4. NSF-RCN (supporting the Open Science Network in Ethnobiology); NSF-TUES (supporting undergraduate curriculum 
development and experimentation); NSF-UBE (supporting undergraduate research experiences).
5. Three current undergraduate degrees were established because of efforts by Native Hawaiians (University of Hawaii at Manoa), 
Appalachian Traditionalists (Frostburg State University), and Alaska Natives (University of Alaska, Fairbanks). Other populations 
that have explored ethnobiology/ethnobotany degrees include the Navajo Nation, Seminole Tribe of Florida, and several Lakota 
communities.

(e.g., natural resource management, conservation). However, training emphasis is now changing toward 

smaller colleges, botanical gardens, and non-profi t organizations. Growth in ethnobiology education is ex-
pected to be particularly important in minority-serving institutions2 and tribal colleges.3

As outlined in the President’s Council of Advisors on Science and Technology report (Holdren & Lander 
2012), there is a need for increase in the number of STEM graduates by 34% . Currently, the retention of 
students in STEM majors is less than 40% of students who enter college in STEM fi elds.  To meet the need 
for an estimated 1 million additional STEM degrees over the next decade, one path is simply to retain those 
students who initially enroll in STEM degrees. The nature of Ethnobiology wth its inherent interdiscipli-
narity, yet a naturalistic view and local reference, makes it an excellent path for retenton of students in all 
STEM majors. 

Growth in funding to support new and improved ethnobiology curriculum is sponsored by the U.S. Nation-
al Science Foundation through a variety of education grants.4 The initial ethnobiology undergraduate pro-
grams were developed and driven by concerns of Native Americans and Hawaiians, as well as Appalachian 
Traditionalists.5  Further programmatic expansion is expected by minority and majority communities inter-
ested in applied conservation and sustainable development. Additionally, ethnobiology is perceived by in-
structional ethnobiologists as a focus for enhanced science education opportunities for non-science majors.

Ethnobiology curriculum must be both sensitive to local cultures and community needs, as well as cogni-
zant of the evolving cultural nature of science (e.g., Atran 1993). In recent years, ethnobiologists have de-
veloped strong ethical recommendations for working in multicultural and multidisciplinary environments 
(e.g., ISE 2006; Bannister & Solomon 2009), and these are being integrated within learning materials. Col-
lege instructors in general are now beginning to adopt improved instructional methods (Table 1). Additional 
changes that are being adopted or considered by some ethnobiologists include student-centered focus (de 
la Sablonniére et al. 2009), applied “hands-on” research experiences (Nivens et al. 2010), or, more gener-
ally, experiential education (Ewert & Sibthorp 2009) along with formative, summative, and process assess-
ments .

Although ethnobiology education is diverse, representing different cultural worldviews, including differ-
ent scholarly views, suffi cient common ground (George & Glasgow 1989; Siegel 2002) exists across many 
if not all ethnobiology instructors to warrant development of curriculum recommendations. Nevertheless, 
because of the multi-cultural and multidisciplinary nature of ethnobiologists, any recommendations should 
not be accepted blindly.
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Instructional Strategy Purpose Citation
Active Learning Students are engaged in collaborative, authentic 

problem solving using technology-enhanced activities.
Gardner & Belland 2012; 
Marbach 2010

Authentic research activities: 
open-ended, student-designed, 
inquiry-driven, mentored

Students work within actual research activities in 
order to learn the cycle/processes of research.

Bednarski et al. 2005; De Ávila 
& Torres 2010; Dymond et 
al. 2009; Fata-Hartley 2011; 
Roth 1995; Schultz 2012

Backward curriculum 
model design 

Allows students to simulate scientifi c 
research design strategies through data 
collection and selection of methodology.

Bell 2011; Wiggins & Tiggee 1998

Case studies/scenarios 
in the classroom

Students work with examples that demonstrate 
problems in order to practice working 
through the process of science.

Allen & Tanner 2003; Boehrer & 
Linsky 1990; Clancy & Linn 1992

Immediate response systems Classroom or on-line systems for surveying/polling 
and responding to groups of students in order to 
teach using data collected from the knowledge, 
experiences or opinions of the students. 

Guthrie & Carlin 2005; Hall et al. 2005

Inquiry-based learning; 
Inquiry-driven learning

Designing instruction around student 
questions in order to facilitate the process 
of learning to discover knowledge.

Bruner 1961; Bugarcic et. al. 
2012; Gormally et al. 2011; 
Nardone & Lee 2010; O’Donnell 
et al. 1997; Zhao et al. 2012

Model-based learning Relatively simple mental models are developed 
for students to work with in order to represent and 
comprehend complex biological phenomena.

Buckley 2000; Gilbert & Boulter 
1998; Sloman & Thompson 2010

Outcomes-based education Analysis of relative success in achieving 
specifi c predetermined measured 
(quantifi ed) learning outcomes.

Castleberry 2006

Peer-led team learning; 
learning by teaching

Create more active engagement between students and 
heightened learning expectations through need for 
each student to be both an instructor and a learner.

Roscoe & Chi 2004

Place-based Learning

Portfolios, refl ections, 
journals, web sites, etc

Place-based learning utilizes the natural 
environment and community to promote 
learning across the curriculum

The use of these tools is valuable both as a teaching 
strategy as well as a summative assessment. 

Sobel 2004; Powers 2004; Smith 2013

Oferdahl & Impey 2012; 
Vitale & Romance 2000

Problem-based learning; 
Service Learning

Student-centered learning with students working 
through a cycle of problem evaluation, data collection, 
solution recommendation, and process evaluation.

Allen & Tanner 2003; Kolber 2011; 
Larios-Sanz et al. 2011; Smith 
2010; Waterman & Stanley 1998

Process-oriented Guided 
Inquiry (POGIL)

Student-centered learning with students assigned 
to specifi c roles within small groups so that all 
are actively engaged in the process of learning. 

Farrell et al. 1999; Loertscher 2010

Research-Based Teaching Instructional methods that are based in 
and make use of authentic research.

Bell 2011; De Ávila & Torres 
2010; Knutson et al. 2010

Student-centered classrooms The focus is on the needs of the individual students 
and how to transform the teacher into a true facilitator.

Armbruster et al. 2009; Derting & 
Ebert-May 2010; Fata-Hartley 
2011; Gardner & Belland 2012; 
Hagenau 1968; Merkel 2012; 
Ueckert 2011; Vecker et al. 2011

Team-based learning Small groups of students work together as high 
performance teams in order to accomplish 
learning through structured tasks. 

Michaelsen et al. 1982, 2002

Table 1.  Instructional method examples useful for biology instructors (mod. Brewer & Smith 2011:25).
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Fig. 3.  Student exploration with the University of Hawai`i Conservation Ethnobiology Field School, 
Kaua`i in 2010.

Active learning

Biophilia (Kellert & Wilson 1993) is a term referring to an innate human desire to interact with the biologi-
cal world. Since the most common defi nition of ethnobiology is the study of human interactions with 
the biological world, it would seem that ethnobiology is functionally a study of the processes of biophilia. 
Nature-defi cit syndrome (Louv 2006) and the benefi ts/loss of children interacting with plants and animals 
have been well documented (Lindemann-Matthies 2005, Kareiva 2008), and appearing to be a lack of ‘eth-
nobiological’ experiences, or a lack of interaction with the biological world (Figure 3). Active engagement 
with nature has positive effects on human development (Kellert 2002). Active learning (Meyers & Jones 
1993) is sometimes focused in classrooms or laboratories, but represents a theory of engagement that, when 
involving nature, can be applied positively in ethnobiological learning (e.g., Nabhan & Trimble 1994). Ac-
tive learning has been recommended as an important strategy for learning biology (Brewer & Smith 2011), 
and it follows that it is probably even more valuable as an approach for ethnobiology. (Figure 4)
                          
Elements of curriculum recommendations

Bradley et al. (2012) outline a model for integrated future college degree programs. They recommend using 
a competency-based curriculum focused on specifi c learning outcomes. Programmatic hallmarks or compe-
tencies lead to course-level academic plans for competency achievement. Rather than emphasizing courses, 
modules are promoted as the functional learning units. Brewer and Smith (2011) organize future biology 
degree content at a higher level. They emphasize learning outcomes, development of core concepts, and 
shifting the framework for biology education and learning toward measures of scientifi c literacy (skills and 
information) as competencies. All of these are to be interlocked and achieved through measurable training 
goals and selection of appropriate teaching strategies. Assessment of programs is not only of learner suc-
cess, but also of the curriculum and instructors, striving to ensure that the instructor qualities are consistent 
with the program goals or hallmarks and teaching strategies, and that the curriculum is aligned to avoid un-
wanted redundancy and promote more rapid learner matriculation. 
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The Open Science Network (OSN) is a dynamic, collaborative community of educators committed to bring-
ing together openly accessible resources. The OSN promotes ethnobiological education through the use of 
web-based teaching and learning technologies and the continual exchange of educational practices, pro-
grams, materials, and experiences across institutional and international borders. The OSN has fi ve founda-
tional expectations (Figure 4). The OSN is funded by the U.S. National Science Foundation as a Research 
Coordination Network in Biological Sciences (RCN) Undergraduate Biology Education (UBE) award. The 
OSN was founded in 2009 (Figure 5) and since then has expanded its network in two ways. First, educa-
tion and curriculum development workshops have been sponsored at scientifi c meetings. Participants in 
the workshops have been invited to join the OSN. Second, a set of articulated web and social media sites 
coupled with distribution of invitations via ethnobiology mailing lists have been used to attract instructors 
interested in accessing curriculum content. Site users have been invited to join the OSN. Over 200 partici-
pants met at eleven OSN workshop meetings (Figures 2,5,12,13,15,16,17,18). Each workshop focused on a 
specifi c set of objectives. Participants in two of these workshops (Baltimore, Maryland: Nov. 17-20, 2011 
and Fort Worth, Texas: Feb. 2-5, 2012:Table 2; Figures 6,7,9,14) generated the content of this document. 

The OSN embraces an “open-philosophy” approach that supports a perpetual network generating science 
curricula through team efforts of universities, science institutions, educators, learners, and life-long learners 
using an open-group evaluation model similar to open-source software. Unlike a static repository of infor-
mation, the system’s technological capabilities will be fl exible enough to house the collective knowledge of 
both expert and user and evolve as the knowledge and needs change. The OSN is establishing a mechanism 
for long-term network sustainability and governance. 

Fig. 4.  Five expectations of “Open Science” as promoted by the Open Science Network. 

The Open Science Network

Open 
classrooms

Open Science
Network
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Fig. 5. Open Science Network foundational meeting in Charleston, South Carolina, 2009.  
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Fig. 6. Open Science Network recommendations workshop participants in Baltimore, Maryland, 
November 2011. 

Why Develop Guidelines?

Early in the process of creating a shared site for curriculum materials, it became evident that some type of 
standard for interdisciplinary curriculum was needed in order for materials to be peer-reviewed.  Education 
standards have been a part of K-12 education for decades, providing a measure of consistency in what stu-
dents are expected to learn through their formative education years.  Although the idea of standards seem 
restrictive to some and essential to others,  standards do  provide a common framework for inclusion of the 
core concepts and competencies students need to be considered literate in certain subjects. A common vo-
cabulary and clearly defi ned learning objectives help new learners better understand the scope of the fi eld 
of ethnobiology.  

One of the objectives of the OSN is the production of recommendations for ethnobiology content.  This is in 
response to questions raised by ethnobiologists about generation of education curricula. In order to address 
this need, several OSN meetings focused specifi cally on development of recommendations, and particu-
larly on developing these within U.S.A. college frameworks. We took as our starting point the Vision and 
Change in Undergraduate Biology Education (Brewer & Smith 2011), which was the fi rst national effort to 
set guidelines to reform biology education. 

Methods for Developing Recommendations

OSN members representing a spectrum of social and biological sciences were invited to meet on two occa-
sions, once in Baltimore (2011) (Figures 6,7) and once Fort Worth (2012) (Figures 9,14). These meetings 
included Canadian and European representatives who specifi cally linked the OSN to other educational net-
works in Europe.              
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The Vision and Change model played a particularly important role in development of the Core Concepts. 
There was much discussion about the biological skew of the concepts in Brewer & Smith (2011), and efforts 
were made to extend the original concepts to include a wide range of social science perspectives without 
losing the focus of the biological sciences. This was not at all an easy task. 

Fig. 7. Open Science Network members defi ne standards for ethnobiology education at a meeting in 
Baltimore, Maryland, November 2011. 

Participation of 30 instructors at each meeting, for a total of 45 participants representing 27 U.S. and Ca-
nadian universities and 34 professional societies, came together to work on recommendations.  Partici-
pants were provided with three documents for advance consideration: Salick et al. (2003), Brewer & Smith 
(2011), and Wagner (2009). The meetings each began with a short presentation about the OSN and the Vi-
sion and Change model promoted by AAAS (Woodin et al. 2010). Participants spent two days each at each 
event working in small, (changing membership) groups on development of elements of recommendations 
for an ethnobiology version of the Vision and Change (Brewer & Smith 2011) document. The resulting rec-
ommendations represent consensus after much debate and discussion. The results take the form of an op-
tional assessment structure for evaluation of an ethnobiology program.
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Training Statements/Program Hallmarks

Training statements are clear objectives about what the educational program is expected to prepare learn-
ers to be able to do. The simplest examples are jobs or job categories, but training often has more broad ex-
pectations about what successful learners will be able to do. For example, training may aim to instill global 
understandings and appreciation of diversity.

Program hallmarks or objectives are distinguishing characteristics or features that are expected under ideal 
circumstances. In some sense, hallmarks are the clearest refl ection of a program’s mission and vision. Edu-
cational program hallmarks should serve as the highest level of integration of curricula into one or more 
focal themes. 

Conservation of biological & cultural diversity

Public service

Sustainability & natural resources

Herbal product industry

Food security & nutrition

Transformational ways of thinking

Fig. 8. Potential target training areas for 
ethnobiology programs.

The following proposed optional assessment is intended to provide a framework for long-term discussion 
and development of ethnobiology undergraduate education within the U.S.A. Faculty members or insti-
tutions desiring an outside assessment by the OSN should provide evidence of an articulated structure of 
program hallmarks and instructor/institutional qualities. Program hallmarks include: training statements, 
core concepts, core competencies as practiced by ethnobiologists, examples of learning outcomes, teaching 
strategies, assessment, and measures of program success. After consultation and agreement between stake-
holders, the OSN will post conclusions of the assessment through links on its website.

Most U.S.A. and Canadian curricula and courses include common elements.  It is important to consider this 
list as neither inclusive of all possible material, nor exclusively the content of an ethnobiology program.  
However, individuals developing an ethnobiology program may fi nd the materials that folllow useful in the 
process of developing content.

A program should identify the training areas for preparing 
learners, including specifi c career directions and preparation 
for professional advancement. Programs are expected (by 
learners, administrators, sponsors, and others) to identify 
specifi c target training areas, (e.g., Figure 8).

Vision & Change in Undergraduate Ethnobiology Education
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Core concepts (versus peripheral concepts) are ideas that are central to the study of a particular discipline. 
They are probably few in number and represent a uniting nucleus that explains much of the thought within 
a discipline. Peripheral concepts are also important, but their inclusion or exclusion from curriculum will 
vary particularly in a broadly defi ned and sponsored fi eld such as ethnobiology.  A program should identify 
core concepts that it addresses.  Degrees should address all of a program’s core concepts, whereas individ-
ual courses or lessons should indicate which core concepts are addressed.  

Brewer and Smith (2011) identifi ed four core concepts for biology education.  In this document, OSN pro-
poses four additional core concepts that highlight the interdisciplinary nature of ethnobiology education.  
Well-trained ethnobiology learners should be able to actively analyze, interpret, comprehend, and apply 
concepts across disciplines, organisms, and systems at different conceptual scales.  Core concepts in inter-
disciplinary research and education function as common ground for collaboration (D’Amour et al. 2005) 
and may provide a foundaton for curriculum diversity, highlighting relevant examples that are meaningful 
to a diversity of students to be presented within a global framework of reference (e.g., Lavenda & Schultz 
2010; Fuentes 2012).  

In the following pages, we present fi rst the four new, ethnobiological core concepts. Next, we describe four 
of the original fi ve biological core concepts presented by Brewer and Smith (2011), but modifi ed by us 
slightly to better include humans and social systems as part of nature, rather than separate from nature. The 
fi fth biological core concept (Evolution) has been omitted because we incorporated it into our ethnobiologi-
cal core concept of “Change.”
 
Ethnobiology Core Concepts

Core Concepts

Change
Life consists of great diversity: both organismic and cultural. All things change, both in space and time. Bi-
ologists recognize evolution as change over time. However, change over time occurs in all aspects of life, 
including how life is connected to its environment. Such changes also include the recognition of changes 
in cultures and human interactions. Recognizing that nothing is static, in space or time, is central to an un-
derstanding of science.

Diversity
Diversity is defi ned as the condition of having or consisting of different elements or qualities. Recognition 
of diversity in organisms (including humans), societies, and environment is acknowledged as an important 
idea, but not all learners truly understand the concept.

Awareness
Recognition of differences and equality within and among organisms and cultures is crucial to good sci-
ence. All scientists should be aware of themselves in the context of their fi elds. For those working with other 
cultures, recognizing people as stakeholders and collaborators in research is key to a truly ethical research 
program. For those working with non-human organismal systems, being aware of the fact that humans are 
part of natural systems, rather than external observers, redefi nes how such systems are studied and inter-
preted. In general, a respect and awareness for different worldviews is essential to academic growth and 
good science.
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Connections
All living things are connected, both to each other and their environments. It is well understood that no in-
dividual or species or culture is truly isolated from others or their environments. Recognition of the extent 
of interconnectedness and directionally of relationships with others is a central tenant of many fi elds of sci-
ence, including anthropology, ecology, and evolution, to name a few. The greatest diffi culty for learners is 
to grasp the extent to which these connections may be truly complex, both in space and time.

Biology Core Concepts, Brewer and Smith (2011) 

Presented here are four of the fi ve original biology core concepts (Brewer & Smith 2011). To enhance 
their applicability for ethnobiological inquiry, we have slightly broadened the scope of three of them to 
include humans and social systems. We omit the purely biological examples given to illustrate these con-
cepts in Brewer and Smith (2011), but also note that in places (e.g., Systems), the original core concepts 
already included reference to social systems. 

Structure and Function
Basic units of structure defi ne the function of all living things. Structural complexity, together with the in-
formation it provides, is built upon combinations of subunits that drive increasingly diverse and dynamic 
physiological responses in living organisms. Fundamental structural units and molecular and cellular pro-
cesses are conserved through evolution and yield the extraordinary diversity of systems seen today. Un-
derstanding of biological and social regulatory systems and communication networks has become increas-
ingly sophisticated, yielding knowledge about the functional responses of the components of those sys-
tems and networks at differing scales, from the molecular to the ecosystem, to the societal level of organi-
zation. Knowledge of relationships between structure and function is informed by design approaches from 
engineering and from models based on the quantitative analysis of data. The application of tools from the 
physical sciences often facilitates our understanding of structure-function relationships.

Information Flow, Exchange, & Storage
The growth and behavior of organisms are activated through the expression of genetic and social informa-
tion in context. The convergence of systems approaches and powerful bioinformatics tools has dramatical-
ly expanded our understanding of the dynamics of information fl ow in living systems. From gene expres-
sion networks to endocrine mechanisms for physiological regulation, and from signal transduction and 
cellular homeostasis to biogeochemical cycling, all may be understood in terms of the storage, transmis-
sion, and utilization of biological information. Moreover, the collection, archiving, and analysis of infor-
mation about living organisms, social systems, and their components has created an extraordinary breadth 
and diversity of data that facilitate analyses of how information fl ows through systems. Real-time analyti-
cal approaches facilitate the study of cellular dynamics in response to environmental changes. Studies of 
the dynamics of information fl ow raise questions about topics such as the storage of genetic or social in-
formation and the transmission of that information across generations. All learners should understand that 
all levels of biological and social organization depend on specifi c interactions and information transfer. 
Information exchange forms the basis of cell recognition and differentiation, the organization of commu-
nities from microbial assemblages to tropical forests, and the mating behavior of animals. The introduc-
tion of the topic of information exchange offers undergraduates many opportunities to learn how scientists 
apply quantitative skills and tools in the management and analysis of large data sets.
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Pathways and Transformations of Energy and Matter
Biological systems grow and change by processes based upon chemical transformation pathways and are 
governed by the laws of thermodynamics. The principles of thermodynamics govern the dynamic func-
tions of living systems from the smallest to the largest scale, beginning at the molecular level and pro-
gressing to the level of the cell, the organism, and the ecosystem. An understanding of kinetics and the 
energy requirements of maintaining a dynamic steady state is needed to understand how living systems 
operate, how they maintain orderly structure and function, and how the laws of physics and chemistry un-
derlie such processes as metabolic pathways, membrane dynamics, homeostasis, and nutrient cycling in 
ecosystems. Moreover, modeling processes such as regulation or signal transduction requires an under-
standing of mathematical principles.

Systems
Living systems are interconnected and interacting in systematic ways. Systems science (including ethno-
biology) seeks a deep quantitative understanding of complex processes through an elucidation of the dy-
namic interactions among components of a system at multiple functional scales (NRC 2009). A systems 
approach to biological and cultural phenomena focuses on emergent properties at all levels of organiza-
tion, from molecules to ecosystems to social systems. Mathematical and computational tools and theo-
ries grounded in the physical sciences enable ethnobiologists to discover patterns and construct predictive 
models that inform our understanding of processes. Through these models, researchers seek to relate the 
dynamic interactions of components at one level of organization to the functional properties that emerge 
at higher organizational levels. Systems science provides rich opportunities for all learners to learn about 
scientifi c inquiry and, because of the complex nature of the research involved, to practice in a multidisci-
plinary context.

Fig. 9. Open Science Network workshop on recommended course objectives held in Fort Worth, Texas 
in 2012. 
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Interactions of organisms (including humans) and environments.  Specifi c areas may include:
Traditional ecological knowledge Sustainability Biogeography

 

Specialized knowledge of specifi c organismal groups.  Examples may include:
Cultures within a specifi c geographic region 

(e.g., Southern Appalachians, New York City, Lakota)
Specifi c taxonomic groups

Multiple cultural perspectives (past, present, and future). Specifi c areas may include:
Linguistics Comparative cultural analysis Human ecology and the ethnosphere

Language(s) appropriate to desired careers. Specifi c areas may include:
Human languages Computer programming languages Logical/Statistical languages

Problem-solving and research skills.  Specifi c areas may include:
Scientifi c methods Respect/ethical decision-making Research proposal writing

Ethnographic methods Taxonomic classifi cation 
& identifi cation Research design

Field methods

Professional skills. Specifi c areas may include:
Communication, both written & oral Collaborative interaction Career exploration

Sense of place Service Technological fl uency

Table 2. Suggested learning outcome categories for college ethnobiology programs. 

Learning outcomes are broad goals describing what learners are supposed to know or be able to do (knowl-
edge, skills and abilities) after one or more learning interventions (LMC 2008).  Thus, Learning Outcomes 
encompass Core Concepts but also extend to include skills or competencies.  Learning Outcomes are stated 
in general terms and therefore are not measurable (Jonassen 1997).  Learning Outcomes may be established 
at institutional, program, and course levels, but to be measured they need associated assessments such as 
Learning Objectives (Osguthorpe et al. 2010).  

Well-trained ethnobiology learners should understand and be able to apply the stated learning outcomes by 
demonstrating competency in related Learning Objectives.  Within the Core Concepts of Awareness, Diver-
sity, Change, and Connections, we have identifi ed six broad categories of Learning Outcomes with ethno-
biology education: interactions of organisms and environments, specialized knowledge of specifi c organ-
ismal groups, multiple cultural perspectives, research languages, problem-solving skills, and professional 
skills.  Furthermore, we indicate areas or examples related to each basic outcome (Table 2; Figure 10). 

Learning Outcomes and Objectives 
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Table 3. Suggested examples of learning objectives for ethnobiology concepts and learning outcomes. 
 

Learning Outcomes Ethnobiology
Core Concepts

Learning Objectives Assessment
using Bloom’s Taxonomy

Interactions of organisms 
(including humans) and 
the environment

Diversity Illustrate roles of increasing/decreasing diversity in pro-
cesses of stability
Diagram movement or invasion of organisms, including 
people, at several different scales (e.g., cultural  diaspora).
Summarize climate dynamics (including human impacts, 
phenology, day-degrees).

Problem-solving and 
research skills

Change Demonstrate through examples convergent evolutionary 
change in biology and culture
Explain spatial distribution of species as infl uenced by 
history and ecology (dynamics, phylogenetics).

Multiple cultural perspectives 
(past, present, and future)

Awareness Explain processes and results that lead to the organization 
of population and community composition (speciation, ex-
tinction, & immigration).
Compare characteristics of traditional ecological 
knowledge across multiple systems/cultures.
Compare and contrast aspects of populations (elements 
include diversity, rarity, causality, population structure & 
growth, community connections, endangerment).

Learning Objectives are specifi c ways to measure how well a student can demonstrate competency in a 
Learning Outcome or skill.  The best learning objectives use active verbs, which used responsibly should 
indicate the level of learning (Bloom et al. 1956; Appendix 4).  Learning Objectives need not be specifi c to 
a particular course or lesson. For example, demonstration of knowledge and understanding of specifi c con-
tent is linked to the subject of the course, but demonstration of skills such as hypothesis-building or critical 
thinking cross-cuts course topics.  Suggested examples of learning objectives for a broad range of ethnobiol-
ogy courses are in Table 3. 
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Literacy and Critical Thinking Skills
• Writing skills and literature familiarity
• Ability to think critically and use quantitative and qualitative reasoning
• Ability to apply the process of science: framing, inquiry and validation
• Ability to recognize core concepts across multiple disciplines and biocultural systems
• Understanding refl ective tools and their importance to critical thinking
• Ability to apply appropriate ethics

Qualitative and Quantitative Methodology Skills
• Ability to apply qualitative and quantitative reasoning
• Knowledge of different methodologies, their assumptions (mathematical and otherwise),       
       structure and purpose

Bridging Skills
• Ability to recognize and understand the assumption of disciplines, culture and methodologies
• Recognize and describe trans-cultural differences and similarities of worldviews
• Ability to communicate and collaborate with people who are thinking differently
• Ability to understand reciprocity
• Developing participatory models of community-based research
• Adaptable to different cultural and environmental situations
• Linking social and technological systems

Taxonomy (Scientifi c and Folk)
•  Botanical or other organismal identifi cation skills

Interview and Fieldwork Skills
• Reasoning – cultural sensitivity, respect
• Thinking – listening
• Accepting – humility
• Flexibility – patience
• Understanding safety and risk management
• Collecting voucher specimens
• Propagation skills
• Understanding biology core concepts
• Understanding of botanical knowledge
• Understanding anthropology core concepts
• Documenting classifi cation systems
• Understanding permit issues and obtaining legal permits

Table 4.  Recommended ethnobiological competencies.

Competencies are skills that are essential for literacy in any discipline.  Within ethnobiology, we recom-
mend that Learning Objectives may measure fi ve major types of Competencies:  literacy and critical think-
ing skills, qualitative and quantitative methodology skills, bridging skills, taxonomy, and interview/fi eld-
work skills (Table 4). 
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Measures of Program Success
Measures of program success are general or specifi c objectives that can be assessed and refl ect on the effec-
tiveness of the program at producing desired outcomes. For example, if a program objective is to produce 
BS-level ethnobiologists who can enter graduate school, then success would be the proportion of those who 
are accepted to graduate school out of those who applied. Another example would be provision of a specifi c 
set of skills that are known to be needed for learners to work effectively in national park interpretation. Suc-
cess could be measured in several ways, including positive responses from employers of recent graduates 
now working. Shao et al. (2012) present a range of program success measures from a world-wide sample 
of organizations. 

A degree program is expected to track matriculation, satisfaction, and performance of learners into targeted 
career paths, professional schools, and involvement in professional societies. A program should determine 
whether its goals are consistent with the training provided. Smaller-scale programs (e.g., courses) should 
provide some measure to be used for determining the long-term effectiveness of training, as well as evi-
dence of creating transformational experiences for the learners. Examples of measures of program success 
are provided in Table 5. 

Fig. 10. Student exploring fi bers in a plant anatomy lab as part of an ethnobotany course at University of 
Hawai`i at Mānoa.  
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Measure Strengths Weaknesses
Fraction of learners graduating from program 
that: (a) obtain a job, (b) obtain a job using the 
skills learned in the program, (c) obtain a job 
in one of the program targeted work areas.

Easily obtained statistics 
that show direct connec-
tion to their training.

Does not account for changes in 
job market or individuals pursuing 
further education or experiences. 

Learners measurably obtain the 
skills and knowledge specifi cally ex-
pected from the program.

Good measure of learning 
outcomes and immediate 
feedback for instructors.

Diffi cult to measure because 
of learners’ prior experience.

Learner’s understandings change in directions 
that are important for the fi eld and represent 
specifi c interventions within the program.

Represents paradigmatic 
shifts critical to the future 
of research in this fi eld.

Understanding is a complex 
web and diffi cult to mea-
sure with specifi city.

Learners feel that they have person-
ally grown because of what they have 
experienced within the program.

Speaks to personal effi cacy, 
which is critical for success. 

Diffi cult to account for diversity 
in students’ prior experiences.

Measurable growth of numbers and quality of 
professionals with training in ethnobiology.

Directly measureable statis-
tics representing increased 
interest in the fi eld.

Growth does not equate to 
increase in quality, which 
is diffi cult to measure.

Increased numbers of learners in the fi eld who 
are learning STEM skills and knowledge.

Directly measureable statis-
tics that identify growth in 
critical STEM education. 

Diffi cult to follow indi-
vidual STEM learning out-
comes among individuals.

Improved statistics for learners from 
U.S.A. (or other) institutions ver-
sus learners from other countries.

A measure that implies forward 
momentum for U.S. science.

Diffi cult to compare quality, 
despite increase in numbers.

Increased number of learners shift-
ing from non-STEM to STEM courses, 
programs, and professions (function-
ing as a STEM gateway opportunity).

Direct measure of increased 
interest in STEM areas.

This measure alone does not 
speak to the outcomes as-
sociated with the increase.

Increase in personal effi cacy – Leaners 
believe that they have been em-
powered to become scientists.

Speaks to a critical personal 
effi cacy and therefore in-
creased interest in science.

Diffi cult to measure due 
to the self-reporting na-
ture of this measure.

Table 5.  Suggested examples of measures of ethnobiology program success.  None of  these are absolute     
measures, each having strengths and weaknesses.
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Teaching strategies are instructional styles intended to achieve specifi c goals, particularly facilitating learn-
ers’ access to information and skill development. Brewer and Smith (2011) promote active (Meyers & Jones 
1993), student-centered learning that integrates real research opportunities as much as possible. With many 
proven ways for learning to be accomplished, it is important to develop a strategic pathway for long-term 
student/program success (Figure 11).

    A
ctive learning

        Student-centered learning

            Place-based learning

    
     

Problem-based learning

  Service Learning

Teaching Strategies

Fig. 11.  Alternative teaching strategies that provide pathways to learning. Active Learning (Allen & Tanner 2005), 
Student-centered Learning (Ambruster et al. 2009), Place-based Learning (Sobel 2004), Problem-based Learning 
(Allen & Tanner 2003), Service Learning (Larios-Sanz 2011).  (Table 1)
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Instructional 
Strategy

Example Ethnobiology learning outcomes Source

Active Learning Paper making Using knowledge of plants 
in papermaking to promote 
understanding of (1) specialized 
knowledge of organismal groups, and 
(2) multiple cultural perspectives

http://www.chaoticgardening.
com/relevant-stem-/a-
fi ber-runs-through-it/

Student-centered 
Learning

Food source Connecting students’ lives to 
the natural world through food 
to promote understanding of (1) 
interactions of organisms and the 
environment (biogeography) and 
(2) multiple cultural perspectives

https://sites.google.com/site/
biogeographyofdinner/

Place-based Learning Dulcimer 
project

Preservation of local cultural 
knowledge to promote understanding 
of (1) interactions of organisms and 
the environment (biogeography) and 
(2) multiple cultural perspectives 

http://www.frostburg.
edu/ethnobotany/classes/
ethnographic-fi eld-techniques/

Problem-based 
Learning

Case study:  
Guaiacum 
sanctum

Using an ethnobotany 
experimental design problem to 
promote understanding of (1) 
interactions of organisms and the 
environment and (2) problem-
solving and research skills

http://sciencecases.lib.buffalo.
edu/cs/collection/detail.
asp?case_id=178&id=178

Service Learning
Forest 
Conservation 
Project

Using a project to learn professional 
skills related to conservation of native 
and endangered plants and animals.  

https://docs.google.
com/document/
d/1Bws7rhMUwmpBrbhHRC-
iEfLk-OP599kNednq-
aFbaVQ/edit?usp=sharing

Table 6.  Examples of alternative teaching strategies that are highlighted through the Open Science 
Network web site: www.opensciencenetwork.net.
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Assessment Strategy Purpose Citations

Embedded assessment of back-
ward curriculum model design 

Allows instructors to provide embedded assess-
ments based on scientifi c research design strate-
gies.

Rebello et al. 2012;Wiggins 
& McTigge 1998

Case studies/scenarios in the 
classroom

Students are assessed based on their performance 
in solving scientifi c problems.

Allen & Tanner 2003; 
Boehrer & Linsky 1990; 
Clancy & Linn 1992

Gowan’s V diagrams Used for assessment of thinking skills and knowl-
edge. Mintzes et al. 2001

Immediate feedback 
assessment technique (IFAT)

Interactive testing system with immediate feed-
back for students intended to modify learning 
rates.

Epstein et al. 2001

Immediate response
systems

Class room or on-line systems for immediate feed-
back from large groups of students.  

Brewer 2004; 
Guthrie & Carlin 2005; 
Hall et al. 2005

Model-based learning Relatively simple mental models for students as a 
demonstration of their learning.

Buckley 2000;
Gilbert & Boulter 1998 

Novac’s concept 
mapping

Representations of important concepts and rela-
tionships used to evaluate actual versus desired 
understanding.

Novak 1998;  
Novak & Gowin 1984

Outcomes-based 
education

Analysis of success in achieving specifi c predeter-
mined measured (quantifi ed) learning outcomes.

Anderson & Rogan 2010;
Castleberry 2006

Portfolios, refl ections,
journals, web sites, etc Analysis of work sample collections. 

Oferdahl & Impey 2012; 
Vitale & Romance 2000; 
Ziegler & Montplaisir 2012

Problem-based
learning

Allows for evaluation at any point in the process of 
solving the problem, as opposed to evaluation only 
following the fi nal outcome.

Allen & Tanner 2003; 
Waterman & Stanley 1998

Pyramid exams, 
collaborative exams

Allows small groups of students to be rewarded to 
collaborate on examinations.

Cortright et al. 2003; 
Eaton 2009

Team-based learning Students evaluated as a team and/or as individual 
members. 

Michaelsen et al. 1982, 
2002; Lei 2010

Table 7. Modern assessment strategy examples useful for biology instruction (mod. Brewer & Smith 
2011:25).

Assessment of degrees, concentrations, courses, or other levels of organization (hereinafter called “pro-
grams”) appropriate at different scales for different institutions have been requested by many faculty mem-
bers and some learners and administrators. Demand from learners, employers, and administrators is driven 
by perceptions about scholarly quality, institutional requirements, and opportunities for growth. Learners 
want assessment of programs to assist in planning and decisions about where to study and what to learn. 
Faculty members want assessment of programs to learn how to improve the quality and relevance of their 
instruction. Administrators want assessment of programs to plan for program development. A program 
should provide assessment (formative, summative, and process) of individual learners (Friendships Sadler  
1988; Shepard 2001; Herman et al. 2006).

Assessment
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Instructor/Institutional Qualities

Instructor qualities may be measured in relationship to student achievement (Hoffmann & Oreopoulos 
2006) or to potential/realized success in achieving program hallmarks. An assumption is made that when 
qualities such as technical expertise/experience are positively aligned with program or course objectives, 
that will result. 

Minimal Instructor Qualities
Individuals providing instruction in programs should obtain continuing education training such as that es-
tablished by the OSN. This network offers annual, in-person or webinar training workshops, and provides 
verifi cation of participation. Similar training that emphasizes improvement in the quality of the student’s 
experiences and learning is offered through other educational, cultural, or societal groups.

Minimal Institutional Qualities
Programs should provide evidence of suffi cient facilities and resources for instructors and learners. Fur-
thermore, descriptions of additional faculty development or student training programs (e.g., scholarships, 
assistantships, or internships) are highly recommended.

Instructor/Institutional Qualities

Fig. 12.  Open Science Network members in the fi rst Open Science Network workshop in Charleston, 
South Carolina, 2009. 



Vision & Change for Undergraduate Ethnobiology Education in the U.S.A. 23

www.opensciencenetwork.net

Curriculum alignment deals with the matching of learning content with all other objectives or standards 
within the program, reduction in non-useful redundancy, and presentation of concepts and skills in an order 
that most benefi ts learners. In some cases, emphasis is placed on learners receiving the same content or the 
same core concepts in courses or programs with the same name (East & Scott 2011). In other cases, empha-
sis may be on aligning curriculum with assessment measures (Kuhn & Rundle-Thiele 2009).

Programs should make efforts to align content of individual courses with other related courses at the same 
institution in such a way that the related courses are synergistic for learners. A common complaint of learn-
ers is that portions of courses are redundant with other requirements, or present confl icting information 
without contextual discussion of differences in perspective.

Curriculum Alignment

Fig. 13. Senior Open Science Network member, Walter Lewis of Washington University, speaking in 
the OSN workshop in St. Louis, Missouri, 2011, about his teaching history and groundbreaking efforts to 
develop ethnobiology education.
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Ethnobiology, the study of humans, biota, and environments (SoE 2013), is multidisciplinary in nature, 
bringing together social science, humanities, and science. Its practitioners originate in a variety of academic 
disciplines (e.g., biology, geography, chemistry, history, and anthropology), but they share in common a 
goal to bring multicultural and multidisciplinary frameworks to the classroom. By contextualizing biology 
within societies, ethnobiology provides avenues for increasing student understanding (and interest) at both 
the local and global levels (e.g., McClatchey 2007; Sillitoe 2009). Ethnobiology instructors perceive eth-
nobiology to provide a bridge for students in the various disciplines – a bridge that may enhance interest in 
science by non-science majors, and that situates science within society for science majors.

Colleges across America are revising their curricula, and many are re-framing their degree requirements to 
emphasize learning outcomes rather than require specifi c courses (Bradley et al. 2012). This educational 
shift refl ects the growing public demand for accountability in the rising costs of higher education (Alex-
ander 2000). At the national level, for the fi rst time visionary guidelines were proposed for basic biology 
literacy for all college undergraduates (Brewer & Smith 2011), framed as fi ve core concepts and six core 
competencies. The national conversation about college education focuses scrutiny at both the large-scale 
(e.g., biology programs: Brewer & Smith 2011) and the small-scale (e.g., the classroom: Meyers & Jones 
1993, or modules: Bradley et al. 2012). In other words, educational initiatives are occurring at the institu-
tional to instructional levels, and the conversation has become national in scope.

As demand grows for instructors to improve or enhance their teaching strategies—and particularly to bring 
active, student-centered learning into the classroom (e.g., Meyers & Jones 1993; de la Sablonnière et al. 
2009)—recognition grows that the multidisciplinary fi eld of ethnobiology provides a valuable approach. 
Ethnobiology allows instructors to bridge interests and invite involvement of students from a wide vari-
ety of ethnicities and academic backgrounds or disciplines. Ethnobiological frameworks provide exposure 
to diverse perspectives, a pedagogical approach that has been shown to encourage growth in the critical 
thinking skills of undergraduates (Loes et al. 2012). Furthermore, it encourages scholarly work to be ethi-
cally grounded. An ethnobiological framework answers the call by Vision & Change for gateway biological 
courses to begin “integrating social, environmental, and ethical considerations into the teaching of biology” 
(Brewer & Smith 2011:54).

The document presented here highlights the Open Science Network’s vision for ethnobiology education. 
Like the process used to create the national Vision and Change in Undergraduate Biology Education: A 
Call to Action (Brewer & Smith 2011), we brought together numerous educators from a variety of disci-
plines and backgrounds, from across America (Appendix 1), to debate and discuss ethnobiological curricu-
lum and programs. Our challenge was to create a document and vision that could provide guidelines and 
assessment no matter the originating discipline of the program. Furthermore, we hope to demonstrate the 
value of ethnobiological topics and frameworks to instructors who do not consider themselves to be ethno-
biologists, but who nevertheless are open to discovering proven ways to engage students.

In this document we propose programmatic assessment, challenging programs to thoughtfully consider 
their mission and vision. To address public concerns for higher-education accountability, each program 
should identify the training areas for preparing learners. We envision subscription to four core ethnobiologi-
cal concepts—awareness, diversity, change, and connections. Like Vision and Change (Brewer & Smith 
2011), these ethnobiological core concepts are broad in scope, yet they specifi cally embrace incorporating 
humans and societies into the study of science. Furthermore, we outline how the original Vision and Change 
four core concepts underlying biology literacy may be broadened to also include humans and societies. We 

                                          Discussion
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Conclusions

Fig. 14. Open Science Network workshop in Fort Worth, Texas, 2012.   

further illustrate how core concepts may be applied to learning outcomes and learning objectives, and we 
outline a number of basic ethnobiological competencies that cross-cut disciplinary boundaries.

At present, two full BS degree programs in ethnobotany (a subfi eld of ethnobiology) have been developed 
(Appendix 7). Both have been formed largely within biological science environments, but with sincere ef-
forts to incorporate and promote social sciences. In each case, university- and department-level expecta-
tions have driven more than a small part of the content. We look forward to development of similar degrees 
in social science departments, but expect to see that education environments will likewise drive part of the 
choices within those programs. Currently at least one graduate degree in anthropology—at University of 
Georgia—is focused on Ecological and Environmental Anthropology. Given ethnobiology’s incorporation 
of diverse (including local) knowledge, growth in ethnobiology education is expected to be particularly 
important in minority-serving institutions and tribal colleges. Our vision is to witness the creation of addi-
tional, highly integrated undergraduate ethnobiology degrees in the future, and we believe the present docu-
ment provides guidelines that may help envision such degrees.

The present document has been developed by the Open Science Network, which promotes ethnobiological 
education through open-source, open-access, web-based materials and exchange through a network. Taking 
Vision and Change in Undergraduate Biology Education: A Call to Action (Brewer & Smith 2011) as our 
starting point, we strove to create a similar visionary document focused on the multidisciplinary nature of 
ethnobiology. 

The present synthesis is intended to be a starting point—rather than an ending—in discussion of how to 
study and understand the science of ethnobiology. A response and dialogue among ethnobiologists must 
continue to identify the range of perspectives and to develop suitably broad, yet specifi c recommendations. 
Continued development of learning objectives for an advanced course and a medical ethnbotany course is 
needed.  Readers of this document are encouraged to become active participants in the Open Science Net-
work, contributing learning content, providing critical review of other’s work, and developing and assess-
ing content and instructional methods.
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Appendix 1. Diversity of Open Science Network (OSN) workshop participants producing this document. 
OSN included more than 300 participants as of October, 2012.

Education/Research Disciplines: Agriculture (AG), Anthropology (AN), Area Studies (AS), Biology (BI), Botany (BO), Ecology 
(EC), Education (ED), Ethnobotany/Ethnoecology (ET), Forestry (FO), Geography (GE), Zoology (ZO) 

Society membership: American Anthropological Association (AAA), Botanical Society of America (BSA), Ecological Society 
of America (ESA), Ethnopharmacology (EP), International Society of Ethnobiology (ISE), Society for Economic Botany (SEB), 
Society of Ethnobiology (SoE) 

OSN workshops: Voluntary participation and workshop leadership at: A Durham, NC: May 31, 2008; B Charleston, SC: May 31, 
2009; C Vancouver, BC May 3, 2010; D Xalapa, Mexico: June, 10-12, 2010; E La Mancha, Spain Sep. 24, 2010; F St. Louis, 
MO: July 8-9, 2011; G Baltimore, MD: Nov. 17-20, 2011; H Fort Worth, TX: Feb. 2-5, 2012; I Denver, CO: April 11, 2012; J 
Montpellier, France: May 23, 2012; K Frostburg, MD: June 2, 2012; L Kalaheo, Kaua`i, HI: October 5-7, 2012. 

Participants Society membership Disciplines OSN Workshops

Institution/
Organization A

A
A

B
SA

E
SA

E
P

IS
E

SE
B

So
E

A
G

A
N

A
S

B
I

B
O

E
C

E
D

E
T

FO G
E

Z
O

A B C D E F G H I J K L

Mike Balick
NY Botanical Garden

X X X X X X X X X X X

Keri Barfi eld 
Bot. Res. Inst. of TX

X X X X X X X X X X

Grace Bascope
U. of N. TX, Denton

X X X X

Kim Bridges
U. of HI at Manoa

X X X X X X X X X X X X X X

Jeff Boutain
U. of HI at Manoa

X X X X X X X X X X X X X X

Sunshine Brosi
Frostburg State U.

X X X X X X X X X X X X X

Tony Burgess
TX Christian U.

X X X

Rainer Bussmann
MO Botanical Garden

X X X X X X X X X X X X X X

Al Keali`i Chock
U. of HI at Manoa

X X X X X X X X X X X X X X

Eve Emshwiller
U. of WI, Madison

X X X X X X X X X X X X

Cynthia Fowler
Wofford College

X X X X X X X X X

Kristen Gremillion
OH State U.

X X X X

Karen Hall
Clemson U.

X X X X X X X X X X X X X X X

Pat Harrison
Bot. Res. Inst. of TX

X X X X X X X X X X X X X X

Scott Herron
Ferris State U.

X X X X X X X X X X

Ryan Huish
Hollins U.

X X X X X X X X X X

Fred Jackson
Brown U.

X X X X X X X X X
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Participants Society membership Disciplines OSN Workshops
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Kelly Kindscher
U. of KS

X X X X

Katie Konchar
MO Botanical Garden

X X X X X X X X

Beth Krueger
Central AZ College

X X X X

Tom Lord
Indiana U. of PA

X X X

Will McClatchey
Bot. Res. Inst. of TX

X X X X X X X X X X X X X X X X

Rose Meier
U. of AK Fairbanks, 
Kuskowim

X X X

Paul Minnis
U. of OK

X X X X X X

Ashley Morris
Middle TN State U.

X X X X X X

Lytton J Musselman
Old Dominion U.

X

Melinda Ostraff
Brigham Young U.

X X X X X X

Aswini Pai
St. Lawrence U.

X X X X

Jeanine Pfeiffer
San Jose State U.

X X X X X X X X X

Ray Pierotti
U. of KS

X X

Dan Potter
U. of CA, Davis

X X X X X

Cassandra Quave
Emory U.

X X X X X X X X X X X X X X X

Nanci Ross
Drake U.

X X X X X X X X X X X

April Sawey
Bot. Res. Inst. of TX

X X X X X X

Andrea Schwarzbach
U. of TX, Brownsville 

X X X X X

Laura Shiels
U. of HI, Hilo

X X X X X X

John Richard Stepp
U. of FL

X X X X X X X X X X

Misaki Takabayashi
U. of HI, Hilo

X

Martin Terry
Sul Ross State U.

X X X X X X

Ina Vandebroek
NY Botanical Garden

X X X X X X X X X X X
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Participants Society membership Disciplines OSN Workshops
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James Veteto
U. of N. TX, Denton

X X X X X X

Robert Voeks
CA State U., Fullerton

X X X X X X X X X X

Sofi a Vougioukalou
Kent State U., UK

X X X X X X X X X X X X X

Gail Wagner
U. of SC

X X X X X X x x x x X X x x X

Karen Meyer Walker
MO Botanical Garden

X X X X X X

Felice Wyndham
U. of Victoria, BC

X X X X

Appendix 2. Open Science Network recommendations for learning objectives and topical coverage for 
introductory ethnobiology courses. 
                  

Students will be able to:
• Compare the diversity of ways in which plants and uses of plants and uses of plants have shaped human 

history and culture;
• Explain the critical role that plants play in the modern world; assess the variety of ways humans use 

biologically derived products;
• Explain the origins of agriculture, the processes of domestication, and the continuum from a wild to a 

fully domesticated species;
• Defi ne the discipline, explaining the evolution from an exploitative goal to one of interdisciplinary un-

derstanding;
• Recognize the interdisciplinary nature of the fi eld through coverage of individual contributions of sci-

ences and the humanities; 
• Demonstrate understanding of the basic elements of biological (often botanical) sciences;
• Demonstrate understanding of the basic elements of cultural sciences;
• Integrate approaches from the biological and cultural sciences;
• Show respect for biocultural diversity.  Demonstrate understanding of the idea that there are many 

equally valid ways to view human/biota interaction with respect to culture, religion, and science;
• Demonstrate understanding of ethical practice.  Recognize personal responsibility for research prac-

tices as well as respect for biocultural preservation and reciprocal transfer of information;
• Demonstrate understanding of the impacts of ethnobiological resource use and ethnobiology’s role in 

environmental stewardship.
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Core Knowledge

Learners can:
Defi ne and describe the evolution, anatomy, morphology, systematic, genetics, physiology, and ecology of 
organisms.
Describe the unique ecological and evolutionary features of a fl ora.

Learners are able to:
Explain the logic or inevitability of the form and function of organisms.
Describe how all scientifi c knowledge is continuously developing; is dynamic (non-static).

Communication Skills
Learners can identify and analyze scientifi c problems and environmental issues using oral and written 
communication skills.

Problem-Solving and Research Skills
Learners illustrate that they can:

Make observations, generate and test hypotheses, and collect data in laboratory and in the fi eld and analyze 
and interpret these results, derive conclusions, and report their fi ndings.
Demonstrate expertise in contemporary research.

Appendix 3.  Examples of core concepts used in programs.

Fig. 16. Presentation of Vision and Change recommendations to the governing council of the Society 
for Economic Botany, Frostburg, Maryland, 2012.
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Knowledge Comprehension Application Analysis Synthesis Evaluation
Count Associate Add Analyze Categorize Appraise
Defi ne Compute Apply Arrange Combine Assess
Describe Convert Calculate Breakdown Compile Compare
Draw Defend Change Combine Compose Conclude
Identify Discuss Classify Design Create Contrast
Labels Distinguish Complete Detect Design Criticize
List Estimate Compute Develop Devise Critique
Match Explain Demonstrate Diagram Drive Determine
Name Extend Discover Differentiate Explain Grade
Outlines Extrapolate Divide Discriminate Generate Interpret
Point Generalize Examine Illustrate Group Judge
Quote Give examples Graph Infer Integrate Justify
Read Infer Interpolate Outline Modify Measure
Recall Paraphrase Manipulate Point out Order Rank
Recite Predict Modify Relate Organize Rate
Recognize Rewrite Operate Select Plan Support
Record Summarize Prepare Separate Prescribe Test
Repeat Produce Subdivide Propose
Reproduces Show Utilize Rearrange
Selects Solve Reconstruct
State Subtract Related
Write Translate Reorganize

Use Revise
Rewrite
Specify
Summarize
Transform

Appendix 4.  Active verbs used in generating learning outcomes based on Bloom’s taxonomy 
(Bloom et al. 1956).  Columns represent levels of integration of learning from lowest (knowledge) to 
highest  (evaluation).
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Appendix 5.

Knowledge

 Articulate the mechanisms by which main properties of soils relate to water availability
 Demonstrate how folklore studies expand the historical record
 Describe major human classes of interactions with organisms/environments:
  Global / Regional
  Ecological / Community
  Cultural / Linguistic
  Medicinal / Biochemical
  Cognitive / Scientifi c
 Describe characteristics of taxa used by people:
  Modern plant classifi cation and genetics
  Anatomy and physics of useful organisms
  Physiology and biochemistry of useful organisms
  Pharmacology and toxicity of useful organisms
 Describe use of common qualitative research methods:
  Ethnographic interview methods
  Species circumscription methods and herbarium techniques
  Chemical analysis
  Bioassay analyses
 Describe use of common quantitative research methods:
  Environmental measurement methods
  Ethnographic interview methods
  Genetic methods for phylogenetic analysis
 Describe the form and function of the plant body; plant nomenclature; history of plant use; origins of  
  economically important organisms; use of parts for food and other purposes. 
 Describe a plant, using the descriptive terminology of plant morphology, anatomy, embryology,   
  palynology, and reproductive biology
 Describe in detail the structure of plants, plant cells and plant soil-air-water relationships. Learners will be  
  able to describe the conditions and principles of plant water relations
 Describe the reactions of photosynthesis and the interaction of organisms with their pathogens, including  
  the molecules and responses plant take in retaliation
 Describe the major plant hormones and their functions
 Describe the different mechanisms whereby evolution is accomplished
 Describe the differences between various models of successional dynamics
 Describe the surrounding world from an anthropological perspective
 Describe how to collect (including properly recording fi eld data), identify, and process plants for herbarium
  specimens 
 Describe complex challenges and trade-offs related to human needs for and impacts on forests locally,
  regionally and globally
 Describe basic procedures and factors related to forest harvest and forest products, including non-timber
  forest products
 Describe forest ecology fi eld methods as a basis for sustainable forestry
 Detail different measures of diversity
 Identify selected native plant species
 Identify the defi ning characteristics of major terrestrial biomes
 Identify “dynamic” processes of personal creativity within “stable” traditions

Examples of learning objectives used in ethnobiology programs.  Sorted by Bloom’s 
Taxonomy (Bloom et al. 1956). Active verbs are in bold. 
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 Identify cell and tissue types and compare the structures found in each group of vascular plants
 Identify state of the art scientifi c concepts of structure and function of forests as complex ecosystems 
  including energy fl ow, nutrient cycling, soils, succession, food web and community relationships,   
  fi re and other disturbances, effects of harvest, silviculture and management and other topics
 Label the morphological characteristics of each group of vascular plants
 Name, classify, and diagnose several of the major families of fl owering plants
 Name, classify, and diagnose several of the major plant species of economic importance
 Recall the key terms and concepts employed by cultural anthropologists
 Recognize, identify, and classify:
  Common plant species, genera, families, and higher ranks
  Human community organizations, traditions, knowledge lineages
  Major cultural grouping by language, beliefs, ecological adaptations
  Micro-environments, ecosystems, vegetation zones, biomes
  Scientifi c theories, traditions, methods, practitioners
 Recognize and name specifi c plant taxa used by people:
  Key Organisms that are Examples of Global Ethnobotanical Phenomena
  Locally Important Transported Landscape Plants/Animals
  Useful Endemic and Indigenous Local Plants/Animals 
  Useful Global Invasive and Pervasive Species
 Recognize the merit of ethnographical writing
 Recount contributions made to biogeographic thought by pioneering scholars
 Reproduce plant tissue culture techniques
 State the principles and rules of plant nomenclature, including how to publish a new taxon name, and know
  how to use and apply botanical names
 State, defi ne, and give examples of the components of taxonomy: description, identifi cation, nomenclature, 
  and classifi cation

Comprehension

 Associate major terrestrial biomes to macroclimatic controls
 Discuss patterns of cultural evolution with organisms:
  Pre-historic uses of organisms and non-agricultural societies
  Domestication, agriculture and settled communities
  Centers of origin of crops, cultures, and knowledge
  Nutrition from organisms and evolution of food processing
  Evolution of language and biological classifi cation systems
  Patterns of human plant selection for food, medicine, recreation, construction, crafts, weapons,   
  cosmetics, clothing, poison, ritual and religion
  Traditional management of wild resources
  Legal systems and regulation of plant uses and access
  Distributions of biological diversity within cultural spaces
  Global patterns of human dispersal and adaptation
 Discuss examples of local cultures and/or minorities with their histories and ethnobotanical contributions to  
 “local” society
 Explain the value of organisms in their own culture and how this compares to the intrinsic value of the   
 environment within other cultures
 Explain scientifi c concepts, laws or principles relating to physical geography and  be able to demonstrate   
 an understanding of the basic differences between scientifi c and non scientifi c knowledge
 Explain how divergent evolution relates to species distribution patterns
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Application

 Address a specifi c issue through project based research and activism
 Apply concepts of ethnography by hands-on practice of skills
 Apply scientifi c methods for addressing hypotheses about conservation, resource management and   
  development
 Apply ethnobiological knowledge to real life class projects
 Apply aspects of scientifi c methods to a specifi c project
 Apply strategies and fi eld methods of silviculture and forest management plans
 Complete work with government agencies or non-government agencies, private organizations, or  
               businesses that use research to address cultural uses of organisms in local communities in ways   
  that meet community needs
 Demonstrate use of common methods used by ethnobotany researchers:

 Human subjects protocol
 Digital photography
 Global positioning systems
 Plant voucher specimen and sample production
 Ecological fi eld methods
 Bioinformatics database development, organization, and logic
 Intellectual property rights protocol
 Statistical measures of validity
Demonstrate practical experience conducting research in the community (beyond the university class   

  rooms and laboratories)
Demonstrate practical experience producing reports, presentations, and other products that are used to   

  display and interpret research results for the public and specifi c audiences
Demonstrate skills with basic forestry fi eld methods for timber volume estimates and key ecosystem 
 measures, including sampling methods, data analysis and scaling up measures from plots to 
 larger scales
Examine the ambivalent relationship between human society and the natural world

 Prepare and practice giving a scientifi c presentation using PowerPoint
Produce and practice completing a scientifi c literature review
Show experience in fi eld and forestry techniques such as orienteering, GPS, mapping and timber cruising
Use a dichotomous key in order to identify unknown species
Use the language of science to describe physical events and be familiar with the basic assumptions of science
Use the language of science to describe technology and be aware that critics view the modern scientifi c   

  perspective as restrictive and in need of substantial critical review
Use laboratory equipment and procedures to investigate the natural world

 Use methods to test hypotheses
 Use methods to test hypotheses
 Write research study report based on work conducted
 Write research study report based on work conducted

Analysis
 Develop understanding of principles and history of human interaction with organisms
 Differentiate between various pathways of biogeochemical cycling
 Illustrate the value of combined biological and cultural diversity, locally and globally through time
 Illustrate important interactions between cultural practices, ecosystems, and modern science
 Improve abilities for self-directed work and collaborative work in teams; design and conduct an original,   
  student-led team project and present results to class for discussion and critique
 Relate mechanisms of endemism to innate, physical, and historical processes
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Synthesis
 Explain systems that draw on combinations of biological and cultural diversity:
  Ecosystem Services
  Traditional Environmental Knowledge
  Traditional and Modern Resource Management Systems
  Agroforestry and Agroecology
 Organize and practice writing a scientifi c paper
 Reconstruct main historical events that have shaped North American biotic patterns

Evaluation
 Compare and contrast three major perspectives on forests linked to: (1) timber, pulp, and other forest and   
 non-timber products and economics, (2) conservation and management for wildlife and ecosystem    
 services, and (3) scientifi c research, continued learning and adaptive management

Fig. 17.  Open Science Network members lead workshop at the Society for Economic Botany meeting, 
2010.
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Appendix 6.  Recommendations for majors/non-majors courses.

Diversity of world views
Learning Outcomes:  Show respect for biocultural diversity; demonstrate understanding of the    
idea that there are many equally valid ways to view human/biota interaction with respect to    
culture, religion, and science
Examples: Folk taxonomy, Creation stories
Implementation:
• Invite a guest speaker from another culture to speak to the class about their world views
• Alternatively, use videos of speakers at other institutions or events to emphasize the importance of this topic

Ethics
Learning Outcomes: Demonstrate understanding of ethical practice.  Recognize personal responsibility for 
research practices as well as respect for biocultural preservation and reciprocal transfer of information
Examples: Theft of the rubber tree, Appropriate development of Hoodia
Implementation: 
• Have a class discussion of documented case studies, or have students generate small project presentations on 

individual case studies.
• Have students develop a plan of action for some hypothetical (but potentially real) ethnobiological  

study in another country.  What are the necessary considerations for permitting and contracts?

History of the discipline
Learning Outcome: Defi ne the discipline, explaining the evolution from an exploitative goal to one of 
interdisciplinary understanding
Examples: Bioprospecting during Colonial times (“The quest for green gold”), The shift to hypothesis driven 
research over more traditional descriptive work, Infl uential ethnobiologists
Implementation:
• Have students work collectively in small groups to review an article or book documenting the evolution of 

the fi eld (e.g., Botany of Desire) or a comparison of historical vs. more modern texts on the perception of the 
fi eld

• Have students work on presentations of the signifi cant contributions of a single individual to the fi eld (e.g., 
Schultes)

Interdisciplinary concepts and methods
Learning Outcomes: 1) Recognize the interdisciplinary nature of the fi eld through coverage of individual   
    contributions of sciences and the humanities, 2) Demonstrate understanding of the basic elements       
 of botanical sciences, 3) Demonstrate understanding of the basic elements of cultural sciences, 4)Integrate   
 approaches from the biological and cultural sciences
Examples:  Anthropology, Biology, Economics, Geography, Humanities, Linguistics, Mathematics and Statistics
Implementation:
• Have students participate in an in-class active assessment of a specifi c problem in which they include 

experimental design and analysis. This can be done at very simplistic or complex levels, depending on the 
course

• Have student groups conduct a fi eld-based experiment, such as a plant collection or an interview, that requires 
the students to implement discipline-specifi c methodology

Teach students about individual fi elds through hands-on in-class activities, such as a ‘Supermarket Botany’ lab 
that allows you to teach form and function through items purchased at the local market
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Diversity of human uses
Learning Outcomes:  Explain the critical role that plants play in the modern world; discuss the variety of   
 ways humans use biologically derived products
Examples: food and beverage, fuels, medical and psychoactive drugs, material culture (arts and crafts,    
 fi ber, cloth, paper, wood, etc.), spiritual, religious, and mystical
Implementation:
• Each learner generates a list of all biologically derived products used within a 24-hour period.
• Individuals or groups work to make dyes, paper, soap, or other biologically derived products as a class   

 exercise, and have the students provide instruction on these projects
• Have students make an artistic piece or literary piece that focuses on the human use of biologically derived   

 products

Agriculture (foraging to farming / landscape management)
Learning Outcomes: Explain the origins of agriculture, processes of domestication, and understanding the   
 continuum from a wild to a fully domesticated species
Examples: Traditional management of the landscape by native peoples; Interplay between natural and artifi cial   
 selection; Genetically modifi ed organisms; Horticultural industry
Implementation:
• Have a student characterize the phenotypic changes that have occurred in a domesticated organism relative 

to its wild progenitor
• Use a popular documentary (e.g., Guns, Germs, and Steel) to initiate discussion on this topic

Mobility and change (human history as a vector for movement)
Learning Outcomes: 1) Describe the diversity of ways in which plants and uses of plants have shaped human   
 history and cultures, 2) Understand the role of both active and accidental dispersal of plants, animals, and   
 people, in shaping human societies
Examples: The spice trade, The slave trade (cotton, sugar...), Malaria, Syphilis
Implementation:
• Dissect the perceived and actual origins of each component of a meal
• Have each learner contribute to one map of plant, animal, and human migration over time

Sustainability and stewardship (contemporary context and future change)
Learning Outcomes: Demonstrate understanding of the impacts of ethnobiological use and ethnobiology’s role  
 in environmental stewardship
Examples: Biodiversity as a buffer against environmental stochasticity; Preservation of biological and cultural   
 diversity and knowledge; Sustainable harvest of natural products
Implementation:
• Discuss specifi c case studies, (e.g., Chico Mendez Reserve story), that illustrate these issues
• Discuss generational gap in perception of importance and breadth of biocultural knowledge
• Have students write about the botanical knowledge of an ancestor (e.g., parent, grandparent, etc.), adding 

scientifi c names and possibly additional knowledge of place and origin 
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Fig. 18. Open Science Network workshop participants in Frostburg, MD, June 2012. 

            . 

The degree training enables learners to:

Work in areas related to the conservation of biological and cultural diversity:
• cultural resource management (major land holders managing biological resources for cultural purposes);
• cultural/biological interpretation (Botanical Gardens, Parks Service, Tourism, Museums, 

Fish & Wildlife, Department of Land & Natural Resources, The Nature Conservancy);
• consultancy for cultural and environmental impact studies;
• work with conservation non-governmental organizations (World Wildlife Fund, Conservation International, 

etc.)
• environmental education (e.g., public and private schools, informal educational programs).

Work in natural health care businesses and practices:
• development of new botanical products for industry;
• laboratory and fi eld research for pharmaceutical and herbal product companies;
• non-industrial consultancy for biotechnology work related to traditional medicinal practices.

Enter graduate school programs in ethnobiology, biology, and related fi elds.

Enter advanced biomedical training programs:
schools of medicine, pharmacy, and nursing;
schools of naturopathic medicine.

Appendix 7. Example of ethnobiology degree program objectives.
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Requirements Frostburg State University University of Hawai`i at Mānoa
Total credits 120 124
Scientifi c Foundations 22 40
Biology BIOL 149 General Biology I  (4)

BIOL 150 General Biology II (4)
BIOL 340 General Ecology (4)

BIOL 171 General Biology (4)
BIOL 172 General Biology (4)

Chemistry CHEM 101 General Chemistry (4) CHEM 161 General Chemistry (4)
CHEM 162 General Chemistry (4)
CHEM 272 Organic Chemistry (4)

Geography GEOG 103 Physical Geography (3) ZOOL 451 Biogeography (3) and one additional 
biogeography course (3)

Mathematics Elements of Applied Probability and Statistics 
(MATH 209) (3) and either College Algebra 
(MATH 102), Pre-Calculus (MATH 120), or any 
Math course above 210 (3)

MATH 216 General Calculus (3)
MATH 217 General Calculus (3)

Physics PHYS 151 General Physics (4)
PHYS 152 General Physics (4)

Ethnobotany Instruction 13 13
(Integrated cultural & 
biological training)

BIOL 128 Intro Ethnobotany (4) 
BIOL 328 Economic Botany (3)
BIOL 428 Ethnographic Field Tech. (3) 
BIOL 460 Field Exp. Forestry (3)

BOT 105 Intro Ethnobotany (4) 
BOT 440 Adv. Ethnobotany (3) and 2 of 
following or within a fi eld school:
BOT 442 Medical Ethnobotany (3)
BOT 444 Ethnoecology (3)
BOT 446 Hawaiian Ethnobotany (3)
BOT 447 Mekong Ethnobotany (3)
BOT 448 Cognitive Ethnobotany (3)

Botany & Plant Ecology 20 hours 22 hours
BIOL 303 Plant Physiology (4)
BIOL 312 Vasc. Plants Morph. (4)
BIOL 314 Plant Taxonomy (3)
BIOL 305 Dendrology (3)
BIOL 425 Forest Ecology & Con. (3)
GEOG 445 Biogeography (3)

BOT 201 General Botany (4)
BOT 410 Plant Anatomy (4)
BOT 453 Plant Ecology (4)
BOT 461 Vascular Plant Families (4)
Two additional 400 level botany courses 
(3-each)-often plant physiology, invasion 
biology, mycology or conservation biology

Cultural Perspectives 12 hours 12 hours
GEOG 104 Human Geography (3) or GEOG 110 
World Regional Geography
SOCI 224 Cultural Anthropology (3)
SOCI 350 Folklore in Appalachia (3) 
SOCI 345 Sociology and the Env. (3)

ANTH 152 Cultural Anthropology (3)
and three 400 level courses in cultural studies 
(3x3)

Practical Experience variable variable
Research Encourage taking BIOL 499 Required to take either BIOL 499 or BOT 

399/449 (5 credits total)
Field Experience Encouraged to participate in fi eld experiences 

with government agencies/ private businesses 
(BIOL 494).

Required to participate in combined course fi eld 
school.

Appendix 8. Comparison of two ethnobotany BS degree program course requirements in the U.S.A.
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Examples: These may be seen as recommended courses, or emphases across a training program.

Undergraduate Degree in Ethnobiology

• Intro to Ethnobiology
• Research Methods in Ethnobiology
• Applied Ethnobiology
• Electives (e.g., medicinal botany, economic botany, zooarchaeology, paleoethnobotany) 
• Organismal Biology (e.g., zoology, botany, microbiology, anatomy, mammalogy, ornithology)
• Integrated Biology (e.g., systematics, biogeography, agriculture, forestry)
• Evolutionary Biology (e.g., genetics, evolution)
• Physical Science (e.g., chemistry, physics, climatology, geology, geomorphology, soils)
• Quantitative sciences (e.g., GIS, modeling, statistics)
• Ecology (e.g., community, population, general ecology, ecosystems)
• Human Ecology (e.g., ethnoecology, landscape ecology, ethnobiology, human geography)
• Cultural Perspective – one modern, one historical (e.g., cultural geography, cultural 

anthropology, medical anthropology, environmental anthropology, First Nations Studies)

Minor Degree in Ethnobiology

• Introduction to Ethnobiology
• Research Methods in Ethnobiology
• Applied Ethnobiology
• Two electives

Suggested Guidelines for a Certifi cate in Ethnobiology

• Introduction to Ethnobiology
• Research Methods in Ethnobiology
• Applied Ethnobiology
• One elective (or two if Applied is not available)

Suggestions for Natural Science Majors who want to concentrate in Ethnobiology

• Human Ecology
• Cultural Perspectives – one modern, one historical

Suggestions for Social Science Majors who want to concentrate in Ethnobiology

• Ecology
System Biology

• Organismal Biology

Appendix 9. Open Science Network curriculum guidelines for majors and minors in ethnobiology.  
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The Open Science Network in Ethnobiology Education

Upon initiation of the Open Science Network, a network analysis was conducted on the relationships between 
the founding participants.  Highest-level relationships refl ect geographic regions, academic subdisciplines 
(e.g., archaeologists group together), and scientifi c society friendships. 
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http://www.opensciencenetwork.net/

The Open Science Network (OSN) uses an open 
philosophy approach to encourage educators and students 
to create, evaluate and exchange innovative curricula 
and educational resources that promote the fi eld of 
ethnobiology and engage students in relevant scientifi c 
inquiry.  To join the Network please visit the following site:
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The Open Science Network in Ethnobiology Education
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The Open Science Network in Ethnobiology Education

The Open Science Network (OSN) is a dynamic, collaborative community of educators committed to bring-
ing together openly accessible resources. The OSN promotes ethnobiological education through the use of 
web-based teaching and learning technologies and the continual exchange of educational practices, pro-
grams, materials, and experiences across institutional and international borders. The OSN embraces an 
“open-philosophy” approach that supports a perpetual network generating science curricula through team 
efforts of universities, science institutions, educators, learners, and life-long learners using an open-group 
evaluation model similar to open-source software.  For more information on how to participate, see www.
opensciencenetwork.net.

The OSN was established through a grant from the U.S. National Science Foundation as a Research 
Coordination Network in Biological Sciences (RCN) Undergraduate Biology Education (UBE) award. 

OSN  www.opensciencenetwork.net
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