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This volume is dedicated to the educators
that came before us, who introduced genera-
tions to this beautiful science called botany.
1t is also dedicated to those who follow, with
the hope that our collective experiences will
help them to inspire and instill a love and
curiosity for plants in their students.



Preface

In his 1996 paper on the history of problems in botany education, Hershey noted
that “As a result of plant neglect, the general public, most precollege teachers, and
many college-level biology teachers are generally illiterate about botany.” While
botany once held a principal role in biology education—even at the high school
level—its presence in the curriculum as a core focus topic has been in decline since
the early 1900s (Hershey 1996). Moreover, this steady decline in botany education
has been compounded by the overall challenges faced in STEM (science, technol-
ogy, engineering, and mathematics) education. We have reached a critical state in
botany education and creative solutions to reinvigorating this field in the classroom
are in order.

Awareness of the need for integration of more innovative teaching methods in
the biological sciences to boost interest in STEM at large has grown among biol-
ogy educators since the publishing of the recent landmark document Vision and
Change in Undergraduate Biology Education: A Call to Action (Brewer and Smith
2011). This document, which was the result of a series of professional meetings and
workshops by science educators across the United States (USA), was published by
the American Academy for the Advancement of Science (AAAS) and funded by
the USA National Science Foundation (NSF). One of the key areas recommended
for change included a call for better integration of core concepts and competencies
throughout the curriculum and a focus on student-centered learning. Moreover, the
document called for engagement of the biology education community in the imple-
mentation of the proposed changes.

These changes are of particular importance for the field of botany, which is ar-
guably becoming progressively neglected by educational institutions. This is un-
derscored by recent trends towards the “phasing out” of botany lessons, courses,
and even entire botany programs and departments at institutions across the United
States. Unfortunately, this may not only result in a critical shortage of new scientists
with expertise in this field, but it also comes at a time when trained botanists are
most needed to address important emerging issues concerning biodiversity manage-
ment, biotechnology, food security, and climate change.

Another challenge that we face as botany educators is that for those students
who do have access to botany lessons, it can be difficult to cultivate interest in the
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material. Pedagogical techniques that rely heavily on rote memorization of plant
names and characteristics are hardly stimulating to students, and in many cases,
they may walk away from a course without ever seeing the “big picture” of why
plants matter both to them as individuals and the world at large. In other words,
without context, it is incredibly difficult—or even impossible—for students to be-
come engaged with the plant world and make those crucial connections that are
necessary for integration of knowledge into their long-term memory. The truth of
the matter is that we need to foster student enthusiasm for the plant sciences in order
to both encourage the growth of future experts in this field and to cultivate a global
community of citizen scientists with an appreciation for and connection to their
environment that is mostly plant-based. Ethnobotany, which is the interdisciplinary
study of how people interact with plants, can be used to fill in this contextual gap in
plant science education by helping students understand their personal and cultural
relationship with plants, revealing the practical and persistent value of plants on an
individual level.

In 2007, a group of scientists that were developing interdisciplinary undergradu-
ate curricula in ethnobiology met to discuss some common problems encountered in
this process. They decided to form the Open Science Network (OSN) to foster both
the exchange of ideas and sharing of educational resources. Over the years since it
was founded and with the financial support of the NSF, the OSN has brought edu-
cators from the natural and social sciences together in a series of workshops with
the aim of developing educational standards and compiling resources for teaching
initiatives in the field of ethnobiology. One major product of these efforts was the
OSN’s report, Vision and Change for Ethnobiology Education in the USA: Recom-
mended Curriculum Assessment Guidelines (McClatchey et al. 2013), which was
modeled after the AAAS Vision and Change document. Like the original V&C
document, the OSN report emphasized the need for the inclusion of core concepts
and competencies in the curriculum. The idea of using ethnobiology as a tool to
bring botany into context for students was highlighted as a means of meeting sev-
eral of the core competencies listed in V&C, including those concerning the ability
to tap into the interdisciplinary nature of science, the ability to communicate and
collaborate with other disciplines, and the ability to understand the relationship be-
tween science and society. The importance of ethnobiology in the advancement of
education in the plant sciences is further developed in a series of case studies in the
present volume.

This volume brings together a collection of papers addressing the challenges of
botanical education in the twenty-first century, while highlighting novel approaches
to engaging students in botanical curricula with the aim of inspiring a new gen-
eration of students and instructors. While the approach to education in the plant
sciences is explored from varying perspectives, a common focus here is on the in-
novative ways through which educators can both enrich the plant science content
being taught and improve upon student engagement in the study material. Drawing
on contributions from scholars from the United States, Europe, and Canada, vari-
ous teaching methods are demonstrated and both the successes and challenges of
different methods are explored. Uniquely to this volume, several chapters describe
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how core principles from ethnobotany can be used to foster the development of con-
nections between students, their environment, and other cultures around the world.

The 18 chapters included here are organized into five focus areas: (1) defining
the needs of educators and students, (2) introducing fundamental skills, (3) connect-
ing students to plants, (4) teaching through field experiences, and (5) integrating
technology. These contributions represent a broad spectrum of approaches in botan-
ical education, ranging from community outreach efforts, K-12 education, distance
learning, and university programs and courses. Central to the theme of the volume
is the concept of creating a sense of connectivity to nature as a tool for capturing
student interest in the study material, and helping them to appreciate the critical role
that the plant sciences play in everyday life. Perhaps most useful to educators is that
many of the contributions also include examples of how a wide range of teaching
techniques can be used in plant science education, including authentic learning,
student-centered learning, active learning, research-based learning, and mind/brain-
based techniques, among others. Ranging from veteran teachers to new faculty, the
contributing authors discuss their vision for the future of plant science education
and provide concrete examples of how they incorporate local resources and technol-
ogy into a hands-on approach to teaching and learning in this field.

Cassandra L. Quave

Assistant Professor and Herbarium Curator
Emory University

School of Medicine,

Department of Dermatology

Emory College of Arts and Sciences,
Center for the Study of Human Health
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Chapter 1
Carrying Plant Knowledge Forward in the USA

Patricia Harrison

1.1 Background

At a time when the demand for botanical expertise has been the most critical to
addressing threats to biodiversity and the environment, the supply of qualified bota-
nists is shrinking. A study led by the Chicago Botanic Garden in 2010 indicates
that botany education has been declining since the early 1900s, resulting in the loss
of critical infrastructure needed to support botanical training (Kramer et al. 2010).
Herbaria are being disbanded and universities continue to eliminate traditional
botany courses as plant science is integrated into multidisciplinary studies (Kramer
et al. 2010). Research indicates individuals are not being trained with the skills
and knowledge needed to fill essential jobs in science and resource management
(Sundberg et al. 2011).

1.1.1 Botanical Training and Economics

From an economic perspective, this decline is indicative of a larger problem with the ed-
ucation system in the USA. For over a century, America’s economic strength was built
on its scientific capacity for innovation to meet the world’s manufacturing and technol-
ogy needs. The nation was jolted out of complacency when unemployment began to
rise as more and more jobs were being moved to other countries due to a workforce
unprepared for the jobs that were in demand (Stephens and Richey 2013). The acknowl-
edgment led to a hard look at the public education system that revealed how far the
USA lagged behind other countries in math and science scores, a full decade after the
National Science Education standards were implemented (NCES 2011). Some alarm-
ing aspects of this report include the following statistics and predictions (NMSI 2013):
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» US students recently finished 25th in math and 17th in science in the ranking of
65 countries (NCES 2011).

»  Women currently constitute 48 % of the US workforce but hold just 24 % of the US
jobs in STEM (science, technology, engineering, and mathematics; Beede 2011).

» Sixty percent of the new jobs that will be open in the twenty-first century will re-
quire skills possessed by only 205 of the current workforce. Two-thirds of those
jobs will require at least some post-secondary education (NCMS 2000).

» US scientists produced more than 40% of scientific papers in 1981, but now
that number has shrunk to 29 %. The USA is no longer the leader in the field of
research as China leads the emerging nations with 1.4 million researchers. For
the first time, over half of US patents are being awarded to non-US companies
(Ratchford and Blanpied 2010).

In a nation with so many advantages, why has the US education system lost its
competitive edge? One of the cultural trends that we are less proud is the outbreak
of television reality and game shows that clutter the minds of countless Americans.
One such show is called, “Are You Smarter Than a 5th Grader?” in which contes-
tants are asked questions that fifth graders should know. Yet, if one listened to fifth
graders speak, mere interpretation of their conversations would likely be challeng-
ing. Morphed words and abbreviations used in instant messaging (IM) and texting
are becoming part of the language code young people use. This modern phenom-
enon reveals one of the big issues in our education system. Technology is changing
the way our young people think and learn...and communicate. The challenge in
education is to adapt to changing students with different learning styles.

In addition, schools are struggling with limited financial and human resources
to meet the demands of increased numbers of students they must serve. A high per-
centage of students enter with language challenges and deficiencies in basic reading
and math skills. Most are adept at basic technology skills but are lacking in com-
munication skills and the ability to think critically. The need is for an education
system that prepares students for jobs in the twenty-first century, some of which
will require skills and technology we cannot imagine (P21 2011).

In an effort to address this growing concern, a plethora of new tools and initia-
tives have been launched within this decade. The nation is now facing the acknowl-
edgment that to be competitive in the global economy, we need to be preparing
students who can “think for a living” and can apply their thinking to complex, real-
world problems, using scientific and technological knowledge (Alberts 2013).

In 2009, the White House announced a new campaign for promoting STEM edu-
cation called “Educate to Innovate” (White House 2009). The administration’s goal
is to move American students higher to the top in science and math achievement
over the next decade. President Obama has identified three overarching priorities for
STEM education: (1) increasing STEM literacy so all students can think critically in
science, mathematics, engineering and technology; (2) improving the quality of math
and science teaching so American students are no longer outperformed by their peers
in other nations; and (3) expanding STEM education and career opportunities for un-
derrepresented groups, including women and minorities. Major funding for education
has been committed to this initiative through both federal and business partnerships.
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The Framework for twenty-first Century Learning focuses on the integration of
skills into core academic subjects. It emphasizes the “3 C’s” essential for success in
today’s world: critical thinking and problem solving, communication, and collabo-
ration. It recommends integration of these three skills into the teaching of all core
subjects, not just science (P21 2011).

The National Research Council has announced the development of The Next
Generation Science Standards (NGSS) that are being called the “fewer, clearer,
and higher standards” (Achieve 2013). These build on literacy and math from a sci-
ence education perspective. The hope is that new guidelines will focus on not only
what it will take to be a successful student, but also what it takes to be a successful
employee. They take a firm stand on controversial topics, such as evolution and
climate change, as essential to a high-quality science education. To date, 26 states
have adopted NGSS for their schools, while some states are rejecting them due to
the inclusion of evolution and climate change (Stage et al. 2013).

The trend in education, being reinforced through the new standards, is multidis-
ciplinary learning (Brewer and Smith 2011). At all levels, sciences such as botany
are not being taught in isolation but are integrated into multidisciplinary science
courses such as environmental science or ethnobotany. Students are being trained
as generalists, not specialists (Kramer et al. 2010).

1.2 Challenges in Botanical Education

1.2.1 Obstacles to Teaching in the Plant Sciences

In a local investigation, K-12 educators representing multiple disciplines were
surveyed about their botanical knowledge. Results indicate a broad spectrum of
interest and aptitude in passing along knowledge to the next generation. Of the
educators surveyed, representing multiple disciplines of teaching, there was a di-
rect correlation between a teacher’s interest in the three categories of plants sci-
ences and their knowledge. Yet, on an individual basis, there was no correlation
between self-ranking of their plant knowledge and the level of plant science they
were teaching. About 57 % of the early childhood educators ranked their knowledge
about plants greater than elementary and middle school teachers and their interest
in plants greater than elementary teachers. Early childhood teachers also included
how plants are used by people in their curriculum more than all other grade levels
(Harrison 2013; Fig. 1.1).

When asked about the obstacles for including plants in their curriculum, the
majority of respondents indicated that plant studies are not well represented in their
state standards, and therefore not in their curriculum framework. The second great-
est obstacle was time, i.e., the time to find and incorporate lessons on plants while
managing to cover all the necessary objectives during the school year. At the middle
school and high school level, some teachers expressed their own lack of knowledge
about plants as a hindrance from including it in their curriculum. Others claimed
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they did not have the indoor and outdoor space to give students direct experiences
with plants. Although this survey represents a regional study in the Dallas/Fort
Worth metroplex, it mirrors a crisis in botanical science education across the USA.

1.2.2 Grand Challenges for Botanical Capacity

In a report on the nation’s progress, the National Research Council of the National
Academy identified the twenty-first century grand challenges for the US science
and land management agenda (NRC 2001). The challenges included (1) managing
habitats to sustain biological diversity and ecosystem functioning in a changing
climate, (2) maintaining sustainable food production for a growing population with
food plants that adapt to a changing environment, (3) understanding the earth’s
biogeochemical cycles and how they are being disturbed by human activities, (4)
predicting climate variability to mitigate future impacts of climate on biodiversity
and ecosystem functioning, and (5) expanding sustainable alternatives to fossil fu-
els through the use of biological systems (Kramer et al. 2010).

A decade later, a comprehensive study led by the Chicago Botanic Garden and
Botanic Gardens Conservation International USA, as outlined in a report titled,
“Assessing botanical capacity to address grand challenges in the United States,”
reexamined these challenges in light of declining botanical capacity (Kramer
et al. 2010). The purpose of the study was to create a “score card” on the nation’s
performance on skills needed to meet environmental challenges of the twenty-first
century. The report revealed significant changes over the past two decades in the
demands placed on botanical education and the resources available to it, including
a skilled workforce and financial and management support for research and educa-
tion. Specifically, it delineated areas requiring botanical expertise as part of a mul-
tidisciplinary approach. It concluded that without adequate botanical infrastructure
and expertise, our nation’s science and land management agenda will increasingly
be impaired. The study identified critical gaps in botanical capacity with recom-
mendations to address those gaps (Kramer et al. 2010). Only the education and
training components will be addressed here.

1.2.3 Loss of Botanical Degree Programs

The US Department of Education reports that undergraduate degrees in botany are
down 50 % and advanced degrees in botany are down 41 % since 1988, when 72 %
of the top universities offered advanced degree programs in botany. At the same
time, undergraduate degrees in general biology have increased 17 % and advanced
degrees have increased by 11% (NCES 2009, taken from Kramer et al. 2010;
Fig. 1.2).
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Fig. 1.2 Comparison of botany and biology degrees awarded from 1988 to 2010

1.2.3.1 Decline in Botanical Course Offerings

More than half of these universities have eliminated their botany and related plant
science programs. Universities are removing a range of plant science courses, with
botany and plant anatomy at the top of the list. Of the 400 faculty surveyed, 40 %
responded that plant science courses had been eliminated within the last 5-10 years,
and 51 % were not satisfied with the selection of plant science courses offered at
their university (Kramer et al. 2010).

1.2.3.2 Preparation for Employment at Federal Agencies

Due to the elimination of botany courses in universities, students considering ca-
reers as botanists in federal jobs have difficulty obtaining the training they need
to qualify for jobs that, in most cases, require 24 h of college credit courses in
botany. To compound the problem, faculty retirement will even further impact
courses available within the next decade. Survey respondents indicate that 35 %
of all academic respondents and 40 % of all government sector respondents will
retire within the next decade (Kramer et al. 2010). There will be a significant need
for workforce training and education to fill botanist positions in order to meet the
grand challenges.
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1.2.4 How Are Universities Preparing Students
for a Career Pathway to Fill These Jobs?

The bottom line for the Botanical Capacity Assessment Project is that “Botany is
not optional” (Kramer et al. 2010). Yet, the question is how universities will prepare
students with the skills necessary to address global challenges? In an article, “Per-
ceptions of Strengths and Deficiencies: Disconnects Between Graduate Students
and Prospective Employers” (Sundberg et al. 2011), the data show university stu-
dents’ view of their greatest strengths were in areas that potential employers viewed
as their greatest need for improvement. Written communication skills got the lowest
ranking among employers (and the highest among students), with ecological skills,
field skills, plant identification skills, and botany ranking high as areas that need-
ed the most improvement. The survey shows that skills in problem solving is not
where it should be after two decades of a focus on “doing science” to develop criti-
cal thinking and problem solving. The concern from this study lies in the fact that
employers say that they do not have enough botanically trained staff to meet their
current management needs, while at the same time botany departments are being
merged into biology departments and plant science courses are not available or are
in the process of being phased out. They conclude with the plea for all stakeholders
in the education process to “make clear to educational institutions their expectations
about graduates” (Sundberg et al. 2011). Universities must prepare students to fill
the pipeline for jobs that require trained scientists who have the field skills, com-
munication skills, and critical thinking skills required to implement new strategies
for dealing with loss of biodiversity and the threats of climate change on the health
and well-being of humans and the environment (Sundberg et al. 2011).

The field of biology has taken steps towards solving this dilemma. In 2009, a
call for action for change in biology education sparked a series of stakeholder con-
versations about the need to ensure that “all students graduate from college with a
basic understanding of biology” (Brewer and Smith 2011). From these conversa-
tions and professional meetings, a landmark document, the Vision and Change in
Undergraduate Biology Education: A Call to Action, was published in 2011 by the
American Academy for the Advancement of Science (AAAS) and funded by the
National Science Foundation (NSF). Authors described the “daunting challenge” in
transforming deeply embedded academic traditions of instruction to new strategies
that align with what educational research shows about how learning takes place
(Brewer and Smith 2011).

Recommendations for “change” are to (1) integrate core concepts and competen-
cies throughout the curriculum, (2) focus on student-centered learning, (3) promote
a campus-wide commitment to change, and (4) engage the biology community in
the implementation of change. The “call to action” to the biology education com-
munity is for all those who teach to “develop a coordinated and sustainable plan for
implementing sound principles of teaching and learning to improve the quality of
undergraduate biology education nationwide.” It stressed that all biologists should
be involved since the “stakes are so high” (Brewer and Smith 2011).



