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Introduction
This report provides analysis and discussion of assessment data for the seven majors administered by the
Department of Environmental Biology. This introduction presents background and preliminary
information regarding assessment methods that are common among all or many of the reports for each
major, given the common origin of the seven majors and faculty involvement among these majors.

Departmental Structure
Between 1965-2002, the Bachelor of Science in Environmental & Forest Biology was the single
undergraduate major program offered by the Department of Environmental & Forest Biology. Students
enrolled in the degree program pursued eleven areas of focused study (“options”) based upon personal
interests and professional objectives. In response to an increased desire among undergraduates and EFB
faculty to establish multiple, focused majors within the department, and to increase visibility and
recruitment potential in traditional or growing fields like wildlife biology, conservation biology and
biotechnology, the undergraduate program was divided into seven majors. Biotechnology was first
offered in 2003, and five others (Wildlife Science, Aquatic & Fisheries Science, Conservation Biology,
Forest Health and Natural History and Interpretation) were initiated in 2004 to provide focused
professional study. Also in 2004, the new Environmental Biology major was established, but that major
retains the overall structure of the pre-2004 EFB major. In 2014 the Natural History and Interpretation
major was renamed Environmental Education and Interpretation.
At the beginning of the 2014-15 academic year the combined total undergraduate enrollment was 631.
Current enrollment for Spring 2015 is 595 (due to December graduations) and distributed as described
below among the seven majors:
Conservation Biology
Wildlife Science
Environmental Biology
Biotechnology
Aquatic and Fisheries Science
Natural History and Interpretation
Forest Health

179
124
155
56
51
18
12
595

The 30 current faculty within the department typically identify with two or more majors for the purpose
of undergraduate advising. Each major has a curriculum coordinator with responsibilities including
curriculum assessment.

Department-wide Student Skills Development
Given the common origin of our seven majors, many of them share substantial similarities in core and
directed elective requirements. Consequently many courses serve to fulfill learning objectives that are
common to all majors and as assessment points for the different majors. Given the universal prioritization
by all majors to develop student skills in written and oral communication, group work, applications of
physics, chemistry and higher math skills, field skills, and organismal diversity, we were prompted to
acquire information from all EFB faculty regarding the extent to which each course is contributing to
department-wide priorities.
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These data are presented in Appendices 1-3. Of the 70 courses that are currently taught regularly, 24
involve student preparation of one or more hypothesis-driven technical laboratory reports, and in all
instances faculty report providing students with guidance in preparation of those reports. Furthermore,
students are required to prepare one or more term papers of varying length that summarize, synthesize or
analyze biological or ecological principles in 26 of the 70 courses. Of the 70 EFB courses 33 require no
substantial research writing (although they may include regular, smaller writing assignments) and 12
require both. Other courses include oral communication skills development, with 25 courses including
opportunities for students to prepare technical oral presentations or oral presentations that summarize,
synthesize or analyze biological or ecological principles.
Instructors from 27 of the 70 courses report that students apply higher math skills (statistics, modelling or
calculus) in their coursework and 25 apply chemical or physical principles to solve biological problems.
Students are engaged in group problem-solving, project development or research activities in 41 courses
EFB courses. A total of 30 classes, including General Biology I, the Diversity of Life I & II sequence, and
27 upper-division elective courses emphasize the study of organismal biodiversity. Students typically
learn the field identification, application of taxonomic keys or molecular techniques for identification,
phylogentic relationships and natural histories of more than 100 species or higher-order taxa in these
biodiversity courses.

Curriculum Assessment
All EFB majors developed new assessment plans in 2008 and collection, archiving and coordination of
data began immediately thereafter. Given the common history of all EFB majors, many of the assessment
plans contain similar or identical student learning objectives. An effort was made in 2009 to develop an
approach for gathering and archiving assessment data into a common database for use by all majors. This
approach proved to be unworkable due to difficulties coordinating data collection from among majors and
the college Registrar. In addition, departmental progress toward achieving assessment goals were
complicated by the fact that responsibilities for assessment often fell to coordinators and assessment team
members having no prior experience in institutional assessment or to senior faculty lacking motivation to
prioritize their assessments.
Assessment data were eventually gathered for the years 2009-2012. We acknowledge the recent two-year
lapse in data collection, which resulted from these administrative and practical data management
challenges. A decision was made among the curriculum coordinators to apply the data that we had in
order to complete a first cycle of assessment, and make necessary changes in the respective assessment
plans, before gathering any new data that we thought would be of questionable value. Consequently
within the three-year dataset, there are frequent instances of missing data for some measures for some or
all years. In some instances, assessment coordinators realized early on that the measures proposed in 2008
would be ineffective metrics, so they were immediately discarded or replaced. These instances are
indicated in each major’s respective reports.
Proposed modifications to assessment plans are included in each major’s report. These plans are in place
to reinitiate assessment data collection beginning with the 2015-16 academic year.
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Assessment Methods
Assessment instruments for all majors included a combination of final course grades, grades on targeted
assignments embedded in key courses, and student peer reviews. Letter grades and Likert Scale
assessments were converted to numeric scales using the following conversions:
Likert scale (1-5) data were converted to numeric scale (0-100) using the following relationship:
Numeric = (Likert*10) + 45
Letter grades and numeric scales were categorized into performance standards using the following
schedule:
Letter Numeric
Grade
Scale
Performance Standards
A
100
A91
Exceeds Standard
B+
89
B
85
B81
Meets Standard
C+
79
C
75
C71
Approaches Standard
D
65
F
55
Does Not Meet Standard

For all measures of student learning outcomes in all majors, goals have been set for 80% of students to
meet or exceed the performance stands.
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Aquatic & Fisheries Science
Assessment Team
Kimberly L. Schulz, Associate Professor
John M. Farrell, Associate Professor
Karin E. Limburg, Professor
Gordon Paterson, Assistant Professor
Christopher Whipps, Associate Professor
Donald Stewart, Professor (Curriculum Coordinator)

Executive Summary
The Aquatic and Fisheries Science Major was established in 2008. The original program description
included learning outcomes and assessment criteria. Data were acquired for 48 undergraduates that the
ESF Registrar classified as being enrolled in the minor between 2009 and 2012. The assessment target
was for 80% of the students to meet or exceed the standards, which were grades of C or better for the
criteria used to assess the six learning outcomes.
Students met or exceeded the target standards for three of the six learning objectives, and either partially
met or approached (78.6%) targets in two of the others. They did not meet the target in Learning
Objective One. There were several difficulties in assessing some of the objectives during this inaugural
assessment cycle. First, it was difficult to obtain complete data from the Registrar. With three different
Registrars over a four year period, this difficulty appears to be resolved. Second, and most important, in
the initial plan, much of the assessment was performed in a one credit senior synthesis course, and that
ambitious plan was not feasible in practice, which resulted in missing assessment data (although we were
able to assess at least one metric per learning objective). We therefore have revised the senior synthesis
class, which is now a strong and popular component of the AFS curriculum. We revised the assessment
plan to include more appropriate metrics (e.g., key assignments versus whole course grades), and to
include assessment information from the selected Directed Elective courses, chosen to meet our learning
objective goals.
The two AFS faculty discussions reviewing the assessment results (in spring 2015) were very productive,
resulting in numerous ideas for curricular improvement and increased communication, which we have
summarized here and formalized in our revised assessment plan.

History
Between 1965 and 2002, the Bachelor of Science in Environmental & Forest Biology was the single
undergraduate program offered by the Department of Environmental & Forest Biology. Because students
believed their investments in specialization were not rewarded by an appropriate degree title, and to
increase visibility and recruitment potential in traditional or growing fields, six specialized programs were
initiated in 2004, Aquatic and Fisheries Science among them, as informal options. In 2008 a number of
these option areas were formalized and assessment plans were approved by SUNY for majors, including
Aquatic and Fisheries Science.
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Objectives of the Aquatics & Fisheries Science Major
Aquatic and fisheries science is the study of aquatic ecosystems to increase scientific understanding and
to apply basic ecological principles to their management, thereby sustaining them for multiple uses.
Aquatic ecosystems include wetlands, streams, lakes, estuaries and oceans. Aquatic science professionals
study and manage natural systems valued for seafood, drinking water, recreation, transportation and
aesthetics.
Aquatic systems and their organisms are sufficiently distinct from terrestrial systems that numerous
professional organizations and scientific journals have been founded specifically to foster communication
among aquatic professionals.
At ESF, Wilford E. Dence conducted pioneering studies on aquatic systems in New York early in the
1900s. The present aquatic program at ESF builds on that early tradition with a wide array of aquatic
courses. Our program has faculty and students (graduate and undergraduate) working within the U.S. and
internationally, on both applied and basic aquatic science. Students in our program have the opportunity
to interact with faculty and graduate students involved with diverse studies on aquatic systems.
Undergraduate students considering a career in aquatic and fisheries science need a solid foundation of
basic sciences (e.g., math, chemistry, physics, and statistics) combined with a broad training in
organismal biology, ecology and evolution. Upper-division courses focus more specifically on aquatic
systems and fishes, including field experience, methods of assessment and principles for management.
Students broaden themselves with studies on the natural history and diversity of various animal and plant
groups. Other recommended subjects include communications, ecosystem science, social and economic
principles, ecological modeling, and hydrology. ESF's many field stations provide important opportunities
for field-oriented studies, both for taking formal courses and for directed independent research, as does
ESF’s affiliation with the Sea Education Association (Woods Hole, MA). Practical experiences such as a
senior synthesis or internship also provide an important complement to formal courses.

Results of Prior Assessment
This is the first formal assessment of the Aquatic and Fisheries Science major. Previously, based on
unstructured assessments of Aquatic and Fisheries Science as an informal option, including faculty
discussion and feedback from students prior to 2008, the following changes were implemented:

1. Course revisions
A. Limnology requirement
When the AFS major was formulated, either one of two courses (EFB 421 or EFB 524) could be used
to satisfy the general limnology/aquatic systems science requirement. However, EFB 421 The
Ecology of Fresh Waters, a three-week field course taught at the college’s Adirondack Cranberry
Lake Field Station, is offered irregularly, and was not comprehensive enough for training AFS
majors. Therefore, EFB 524 (Limnology) was re-described as a shared-resource 424/624 course (with
a separate graduate student module), so that the undergraduate component (EFB 424) could be a
required component of the AFS curriculum. This revised Limnology course now includes more
hands-on activities, applied problem sets, and case study exercises than had been utilized in EFB 524.
All undergraduate AFS majors are now required to take this revised Limnology course, permitting
more uniform and complete training for AFS students, as well as allowing Limnology to be used in
various assessment activities at the upper division level.
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B. Ichthyology requirement
Originally, either one of two courses (EFB 388 and EFB 486) could be used to satisfy the Ichthyology
requirement. EFB 388, Ecology of Adirondack Fishes, is a two-week intensive field course taught at
the college’s Cranberry Lake Field Station. All undergraduate AFS majors are now required to take
the semester-long Ichthyology (EFB 486) course, although EFB 388 still satisfies the second field
course requirement (directed elective) and remains highly subscribed by AFS students.
Prior to the course requirement updates, use of the important Limnology and Ichthyology courses in
program assessment was hampered by the inconsistency in AFS student experiences; these changes to the
AFS curriculum made for a more uniform evaluation relative to assessment of learning objectives.

2. Addition of a Senior Synthesis Seminar
In 2008, the AFS faculty recognized that other successful majors at ESF and elsewhere have
implemented a capstone experience for their students. In conversations with faculty and students,
it was determined that a similar synthetic course would benefit AFS students for several reasons.
First, along with the above changes in requirements, all students would now share three core
aquatics courses: EFB 424, EFB 486, and the new capstone Aquatic Senior Synthesis Seminar
(taught as EFB 497, a general undergraduate seminar, until formal description as EFB 492,
Senior Synthesis in Aquatic and Fisheries Science); this ensures that our curricular goals are met
and can be assessed. Second, the original conception of the capstone seminar was that it would
afford AFS majors the opportunity to practice and synthesize their diverse experiences at ESF by
following the full scientific process from hypothesis development through testing and final
analysis, and then presenting their work to classmates and the AFS faculty (this goal is being
revised in the proposed assessment plan changes). Finally, students in this capstone seminar take
a comprehensive program exam to facilitate assessment of some of the learning objectives (this
was not implemented until Spring 2015).

AFS Original Assessment Plan
The assessment plan (Table 1) for the Aquatic and Fisheries Science major was established on 24
December, 2008, by D. Stewart, K. McGrath and K. Schulz, and we are proposing revisions
based on experiences and discussions during this currentassessment cycle. The original specific
learning outcomes are presented below, along with discussion of the core courses where the
objectives are addressed, and description of how program outcomes have been assessed.
Assessment Cycle
Data used to assess each learning outcome were collected from 2009-2012.
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Table 1. Aquatic and Fisheries Science Assessment plan (established December 2008).
Learning Outcome
Where
How Assessed2
Assessment Results
(what students
(see following
Addressed in the
should be able to do) Program1
narrative)
1. Demonstrate
knowledge of
structure, function
and organization at
molecular, cellular
and organismal
levels, as well as
micro- and macroevolutionary
processes that
contribute to
adaptations and
biodiversity.

2. Demonstrate
broad familiarity
with fishes and other
aquatic organisms
from both freshwater
and marine
environments, as
well as breadth in
organismal diversity
of plants or microbes
and animals,
including their
taxonomy, evolution,
anatomy,
physiology,
distribution, and life
history.

EFB 307, EFB
311, EFB 320,
EFB 325, EFB
497

A. Distribution of mean
performance of AFS
students in two
required courses, EFB
307 and EFB 325, as
measured by final
grades.

These assessment
methods will be
applied to students
for the first time in
the Summer and Fall
of 2009.

B. Distribution of mean
performance of AFS
students in two
required courses, EFB
311 and EFB 320, as
measured by final
grades.

EFB 4243, EFB
486, EFB 497

3. Demonstrate
EFB 4243, EFB
broad familiarity
497
with aquatic ecology
and environmental
systems science,
Aquatic and Fisheries Science

C. Performance on
components of
comprehensive exam
(administered in EFB
497 Aquatic Senior
Synthesis Seminar) that
relate to this outcome.4
A. Performance on
organismal diversity
components of EFB
424 (hands-on
demonstration
exercises and exam).

Response to
Results
(see following
narrative)
Revised
performance
tracking in relevant
courses and
introduction of new
course, EFB 497,
Aquatic Senior
Synthesis Seminar,
beginning Spring
2009.

As in 1.

As in 1. In addition,
re-description of
EFB 524 as EFB
4243 (in progress).

As in 1.

As in 2.

B. Overall performance
of AFS students in EFB
486, as measured by
final grade distribution.
C. Performance on
organismal diversity
component of final
synthesis project in
EFB 497.
D. Performance on
diversity component of
comprehensive exam
administered in EFB
497.4
A. Performance of AFS
students in EFB 4243,
as measured by final
grade distribution.
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including basic
knowledge of
physical sciences
(e.g., physical,
chemical and
hydrologic properties
of water) and the
distribution and
functioning of
aquatic ecosystems.

B. Performance on
ecosystem component
of final synthesis
project in EFB 497.
C. Performance on
components of
comprehensive exam in
EFB 497 that relate to
this outcome.4

4. Demonstrate
understanding of
economics and
natural resource
management
principles and
techniques (e.g.,
assessment,
intervention,
evaluation, and
policy development),
and appreciate the
complexity of
natural/human
systems wherein
management is
applied.

FOR 207, EFB
497

5. Demonstrate
mastery of basic
competencies needed
to be an effective
aquatic science
professional,
including
understanding and
application of the
most common and
important tools of
aquatic ecology and
fisheries, including
organism collection,
habitat assessment
and related field and
laboratory
techniques, basic and
applied mathematics
and numeracy,
statistics, and
fundamentals of the
scientific method.
6. Communicate
scientific concepts,
observations and
experimental results

APM 391, EFB
4243, EFB 497

A. Overall performance
of AFS students in
FOR 207 (or
equivalent), as
measured by final
grade distribution.

As in 1.

As in 1.

As in 1.

As in 2.

As in 1.

As in 2.

B. Performance on
management
component of final
synthesis project in
EFB 497.4
C. Performance on
management
component of
comprehensive exam in
EFB 497.4
A. Overall performance
of AFS students in
APM 391, as measured
by final grade
distribution.
B. Distribution of mean
performance of AFS
students on applied
problem sets in EFB
4243.
C. Performance on final
synthesis project in
EFB 497.4

EWP 190, EWP
290, EFB 4243,
EFB 486, EFB
497
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A. Distribution of mean
performance of AFS
students in two
required courses, EWP
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in a variety of oral
and written formats.

190 and EWP 290, as
measured by final
grades
B. Performance of AFS
students on topic paper
in EFB 4243.
C. Performance of AFS
students on final term
paper in EFB 486.
D. Performance on
presentation and
written portion of final
synthesis project in
EFB 497.4

1

This list includes the key program components that deal with the listed outcome.

2

Performance standards are based on the average grade of AFS students in the indicated outcome-focused embedded
project or exercise, or the final course grade (if the entire course focused on the learning outcome). They are scaled
as follows:
F does not meet the standard; D, C- are approaching the standard; C, C+, B-, B meet the standard; B+, A-,
A exceed the standard
3

Limnology, formerly EFB 524, was re-described as a shared resource 424/624 course, with the 424 course being a
requirement for AFS students (see below for further information); EFB 424 was used here in anticipation of course
revision approval during Spring 2009.

4

The Senior Synthesis in Aquatic and Fisheries Science was taught as EFB 497, a general undergraduate class, until
formal description as EFB 492, Senior Synthesis in Aquatic and Fisheries Science.
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Aquatic and Fisheries Science Curriculum
Our program is designed to prepare students for a career in Aquatic and Fisheries Science.
Career opportunities for students with a BS in AFS are in the areas of fisheries science, aquatic
ecology, wetland science, limnology, marine biology and oceanography. Employers are federal
and state agencies, research institutions, private consulting firms, and non-governmental
organizations. Our program also prepares successful students for graduate studies.
The AFS curriculum program provides a foundation of basic sciences (math, chemistry, physics,
statistics), combined with broad training in organismal biology, ecology, and evolution. Both
lower and upper division field experiences are required. Other upper division courses focus
more specifically on a core curriculum set of required courses related to aquatic systems and
fishes, along with additional relevant experiences through directed electives in the areas of
physical and chemical aspects of the environment, ecosystems science, management, analytical
tools, and communications.

Core Curriculum
The Aquatic and Fisheries Science core curriculum contains courses intended to give students a
broad, solid background in the chemical, physical and biological aspects of aquatic sciences, as
well as insight to economics, and proficiency in laboratory and field-based skills. Aquatic
science is an inter-disciplinary field, and the AFS core curriculum requires several basic science
courses not required by all majors administered by the Environmental and Forest Biology
Department, such as at least one semester of a laboratory-based physics course, Major Concepts
of Physics I (PHY 101), and at least one semester of organic chemistry, Elements of Organic
Chemistry (FCH 210), as well as an upper division course in Cell Biology (EFB 325).
The core sequence of courses unique to this major include:
A. Introduction to Economics (FOR 207)
Three hours of lecture per week. Coverage of basic theory in microeconomics and
macroeconomics. Application of theory and economic models to problems at the firm and
national policy levels. Exploration of topics in money and banking, globalization and
economic development. Fall and Spring.
Aquatic environmental issues and potential management solutions are both related to
economic principles and policy. This course is a basic grounding in economic theory,
providing students with a foundational background in these topics. (This course also
fulfills the Social Science category of the SUNY General Education requirements.)
B. Limnology: Study of Inland Waters (EFB 424)
Three hours of lecture per week, with some additional hands-on activities during the
semester. An introduction to the geology, physics, chemistry and biology of inland waters
(lotic and lentic). The course focuses on inland waters as integrated ecosystems and
explores the effects of natural and anthropogenic perturbations on these systems. Fall.
Prerequisites: Senior status, introductory courses in physics and chemistry, and EFB 320,
Aquatic and Fisheries Science
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or permission of instructor. Note: Credit will not be granted for both EFB 424 and EFB
624.
This course emphasizes the interdisciplinary nature of aquatic science - combining
geology, physics, chemistry, and biology to understand the entire aquatic ecosystem,
allowing advances in science and management of aquatic resources. An emphasis is
placed on problem solving and case studies. Students become familiar with the basic
ecology, morphology and taxonomy of non-fish aquatic organisms. Students also
practice reading, discussing, summarizing and making inferences from primary
literature.
C. Ichthyology (EFB 486)
Two hours of lecture and three hours of laboratory per week. An introduction to the
diversity, anatomy, physiology, ecology, evolution, behavior and conservation of fishes
of the world. The laboratory covers anatomy and taxonomy of fishes, with a focus on
identification of New York fishes, both freshwater and marine. After spring thaw,
laboratories move to the field, where students learn field sampling techniques,
identification of live fishes and their distributional ecology. Spring.
This course emphasizes gaining a broad familiarity with fishes from both freshwater and
marine environments from a basic science perspective; it is considered a ‘vertebrate
diversity’ course in the EFB curriculum. The laboratory has a strong emphasis on
learning to identify New York fishes, and that expertise is evaluated through a final
Laboratory Practicum exam. Students communicate scientific concepts, observations and
experimental results in written format through two hypothesis-driven laboratory reports.
The final report analyzes student-generated field data on fish community patterns along a
river gradient and relates observations to the primary literature.
D. Senior Synthesis in Aquatic and Fisheries Science (EFB 492)
One hour of seminar per week. Students will develop a synthesis by defining a scientific
hypothesis on an aquatic topic of interest, gathering/analyzing data from the literature or
elsewhere, interpreting findings, and presenting their work both orally and in a written
technical report. That synthesis will relate to prior coursework and current issues in
aquatic sciences. Spring. Prerequisite: Senior standing in the Aquatic and Fisheries
Science major.
This course was initially conceived as independent capstone projects and as a tool for
integrated assessment at the end of the AFS students’ undergraduate training. The
course has been modified and re-described to reflect our revised assessment plan (see
Revised Assessment Plan section below).
The revised course focuses on professional development and uses a student interview by
panel to assess preparedness for a chosen field. Additional professional synthesis occurs
with re-visiting professional skillsets and exploring employment opportunities in
preparation for a career in aquatic and fisheries science and management. Important
skills are reviewed including the scientific approach, testing hypotheses, experimentation
and field or observational studies. Students use their knowledge to explore current and
vital issues to aquatic ecology and management at regional and international levels.
Aquatic and Fisheries Science
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Directed Electives
Directed electives enable students to customize their educational experience. Students are
required to complete 27 elective credit hours from the following categories (at least 3 credits
from each category). Our logic for these elective areas of study follows.
A. Field Experience - An upper-division experience that enables students to become
proficient in field identification of diverse organisms, field sampling techniques and
equipment, and communication of field-based enquiry. This experience may take the
form of field courses, independent research projects and professional internships. We
consider this important for building student confidence and competence. While we
require a field-intensive course early in their careers (EFB 202), the field elective is
intended to give the students more scope in applying their knowledge and learning to
direct field experience, and many use it also to build professional experience and
networks (at least 3 credit hours).
B. Structure and Function – This category ensures exposure of students to anatomy,
morphology, and physiology of organisms. The relationships of anatomical and
physiological features to individual performance given environmental conditions are
critical to myriad organismal system level processes including behavior, response to
change, and adaptation to the environment. Both scientists and managers need a strong
foundation in this area to serve as a foundation for work at the levels of the organism to
population biology and roles in ecosystems.
C. Organismal Diversity - Similar to those in many other EFB majors, AFS students are
expected to develop a breadth of organismal diversity by completing the Diversity of Life
I & II sequence, and taking an additional 3 credit hours of upper-division organismal
diversity coursework in each of two categories: (1) plants and microbes; and (2)
invertebrate and vertebrate animals. While knowledge of taxonomy and organismal
diversity has waned in many programs over the past few decades, strong expertise in
organism identification and a broad knowledge of taxonomy are desired or required
skills for many AFS positions, and are increasingly important due to threats to aquatic
biodiversity.
D. Physical / Chemical Environment – Courses in this category increase understanding of
the aquatic and associated riparian habitats. Knowledge of factors affecting aquatic
habitats is essential for science and management of aquatic organisms or systems.
Students can chose from an array of relevant courses such as hydrology, water
chemistry, and environmental geology.
E. Environmental Systems Science – These courses promote a deeper understanding of the
systems approach to aquatic ecosystems, in which there is an integration of abiotic and
biotic factors. Students select courses to focus broadly (e.g., ecosystems, systems
ecology) or on particular system interests, such as marine ecology or freshwater wetland
ecosystems.
Aquatic and Fisheries Science
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F. Management – All students, whether interested in applied or basic aquatic science, will
obtain a basic understanding of resources or ecosystem management through this
category. Familiarity with management principles is essential to professionals in AFS.
Students are able to choose from a range of general (e.g., Principles of Management) or
specialized (e.g., Fisheries Science and Management) classes.
G. Analytical Tools – These courses increase the breadth of practical skills and knowledge.
Tools change over time and these changes are reflected in courses accepted for fulfilling
this category. Currently these courses include diverse skill sets such as field sampling,
hydrologic modeling, GIS, and molecular techniques.
H. Communications – Effective communication is essential for any AFS professional.
Students can choose from written or oral presentation, as well as courses in interpreting
scientific knowledge for the public.

Assessment Results
Data used to assess each learning outcome were collected from 2009-2012. Data acquisition
from the College Registrar for course grades was complicated by personnel turnover, but much
of these data were made available in late 2013. The original implementation plan for the AFS
Senior Synthesis course EFB 492 was overly ambitious, and along with faculty turnover in
course instruction, this resulted in assessment metrics from EFB 492 being unavailable for this
course. Because students follow the curriculum in place when they entered the program, the first
senior class that entered with AFS Senior Synthesis as a requirement graduated in 2012. In
addition, the Registrar was unable to provide grades for APM 391 during this assessment period.
All available data were acquired for 48 undergraduates that the ESF Registrar classified as being
enrolled in the major between 2009 and 2012.
This assessment was completed by AFS faculty including Kimberly Schulz, Donald Stewart
(Curriculum Coordinator), John Farrell, Gordon Patterson, Karin Limburg, and Chris Whipps
during fall 2014 and spring 2015.
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Learning Objective 1: Demonstrate knowledge of structure, function and organization at
molecular, cellular and organismal levels, as well as micro- and macro-evolutionary processes
that contribute to adaptations and biodiversity.
Where addressed in AFS curriculum
EFB 307 – Principles of Genetics – Final grade
EFB 311 – Principles of Evolution - Final grade
EFB 320 – General Ecology - Final grade
EFB 325 – Cell Biology - Final grade
EFB 492 (formerly EFB 497) – Senior Synthesis in Aquatic and Fisheries Science - Grade on
section of comprehensive exam
How assessed
A. Distribution of mean performance of AFS students in two required courses, EFB 307 and
EFB 325, as measured by final grades.
B. Distribution of mean performance of AFS students in two required courses, EFB 311 and
EFB 320, as measured by final grades.
C. Performance on components of comprehensive exam (administered in EFB 492 Aquatic
Senior Synthesis Seminar) that relate to this outcome.
Assessment results
A. Distribution of mean performance of AFS students in two required courses, EFB 307
(Principles of Genetics) and EFB 325 (Cell Biology), as measured by final grades.
Assignment grade distribution of AFS students in. two required courses, EFB 307 and EFB
325, as measured by mean of the final grades in the two classes. Target: 80% of students
(n=20) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
20%
•
•

30%

50%

0%

These data reveal that only 50% of students meet or exceed expectations, and the
other 50% are approaching the standard.
The assessment target for this standard was not met.

Discussion
• There was high instructor turnover in one of these courses, Cell Biology, during the
assessment period, and this may have contributed to the relatively low percentage of
students meeting and exceeding the standard during this assessment period. In fact,
when the data were examined further, 77% percent of students met or exceeded the
standard in Genetics over this period (still below the assessment target), while only
33% met or exceeded the standard in Cell Biology. The impression of AFS faculty
was that these courses are now better motivating a broad range of students, including
AFS majors with the current instructional team.
• Although essential to working AFS professionals, how knowledge of genetics and
cell biology relate to this Aquatics and Fisheries Science Major is not necessarily
obvious for the sophomore and junior students enrolled in these courses. The AFS
Aquatic and Fisheries Science
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faculty discussed two concrete plans for further increasing engagement of AFS
students in these classes, regardless of instructor, which may lead to better
performance on this standard.
o First, AFS advisors will be coached to explain the utility of these courses
more clearly to their advisees during the enrollment period.
o Second, AFS faculty will express concerns to the non-AFS instructors and
provide several AFS-relevant case studies to the instructors of these courses
to promote convenient ways to maintain and heighten student interest in
these classes.
o Third, AFS faculty teaching upper division core courses will more obviously
and clearly note the connections between relevant material in these AFS
courses and the concepts learned in Genetics and Cell Biology.
o These changes will be implemented for the 2015-2016 academic year.

B. Distribution of mean performance of AFS students in two required courses, EFB 311
(Principles of Evolution) and EFB 320 (General Ecology), as measured by final grades.
Averaged assignment grade distribution of AFS students in two required courses, EFB 311
and EFB 320, as measured by mean of the final grades in the two classes. Target: 80% of
students (n=19) will meet or exceed expectations ( ≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
31.6%
•
•

36.8%

26.3%

5.26%

These data reveal that only 68.4% of AFS students meet or exceed expectations.
The assessment target for this standard was not met.

Discussion
• Looking at the performance, again there was high instructor turnover in one of these
courses, Evolution, during the assessment period, and this may have contributed to
the relatively low percentage of students meeting and exceeding the standard during
this assessment period. In fact, when the data were examined further, 87% percent
of students met or exceeded the standard in General Ecology over this period,
and none did not meet the standard, while only 50% met or exceeded the standard in
Principles of Evolution.
• Anecdotally, the new Principles of Evolution instructor, Professor Rundell, uses an
array of examples in class and engages students more than the previous instructors.
• Again we will communicate with the instructors and work with them to provide any
additional information that might assist in engaging students, and provide more
concrete justification during advising meetings for requiring these courses.
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C. Performance on components of comprehensive exam (administered in EFB 497 Aquatic
Senior Synthesis Seminar) that relate to this outcome.
•

This metric was not assessed during this time period

Discussion
• The original concept of having students enrolled in the 1 credit Senior Synthesis in
Aquatic and Fisheries Science perform independent projects as well as take a
comprehensive exam proved too ambitious. EFB 497 did not implement a
comprehensive final exam, or the independent projects. A new instructor, Professor
Farrell, took over the course in 2013 and has made changes to the course content.
• The comprehensive exam is being implemented beginning in Spring 2015, and
included several questions specifically evaluating this learning outcome as it relates
to knowledge of structure, function and organization at molecular, cellular and
organismal levels, as well as micro- and macro-evolutionary processes that contribute
to adaptations and biodiversity, specifically in the context of aquatic and fisheries
science.
Overall AFS group discussion related to performance on Learning Outcome 1
• During the assessment period, our students did not meet our standard for
demonstrating knowledge of structure, function and organization at molecular,
cellular and organismal levels, as well as micro- and macro-evolutionary processes
that contribute to adaptations and biodiversity. We agreed that we still believe this is
an important learning objective and discussed means to improve performance of our
students in this area.
• First, we believe that some of the problems with student performance in the core
courses in this area were due to high staff turnover during this assessment period, and
that these issues have been resolved.
• Second, we realize that we need to engage more actively with the lower division
students during advising, and potentially have AFS group meetings each semester, to
provide context to students about the value of these core courses to an aquatic science
professional. We propose to hold a group AFS advising sessions and informational
meetings at the beginning of each semester, which will serve several functions,
including explaining the relevance of all components of the curriculum to the
students. These meetings will begin in Fall 2015.
• Third, we will talk with the instructors of EFB 307, 325 and 311 (students performed
well in EFB 320, but we will consult that instructor as well) to discuss including
several examples from aquatic systems in their courses to help motivate students and
to help them in finding and implementing appropriate case studies if they are willing.
• Finally, we will ensure that this learning objective is also assessed in the upper
division, as well as where it will be specifically related to AFS. To do this we will
not only implement an exam in the Senior Synthesis course that has a component for
assessing this knowledge, but we will also modify assessment to include grades from
a relevant assignment in the required Ichthyology course and grades from relevant
assignments in the Structure/Function Directed Elective course.
• The EFB Course Curriculum and Assessment Committee has surveyed faculty
teaching upper division courses related aspects of these elective courses
demonstrating knowledge of biology at multiple levels, and we will use the results of
this survey to obtain exam and quiz grades from Structure and Function directed
Aquatic and Fisheries Science
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elective courses that focus on organismal, cellular and molecular biology, and include
them, along with the Ichthyology course assignments, as an additional assessment
measure under this learning objective.
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Learning Outcome 2: Demonstrate broad familiarity with fishes and other aquatic organisms
from both freshwater and marine environments, as well as breadth in organismal diversity of
plants or microbes and animals, including their taxonomy, evolution, anatomy, physiology,
distribution, and life history.
Where addressed in AFS curriculum for original assessment plan
EFB 424 – Limnology: Study of Inland Waters – specific course assignments
EFB 486 – Ichthyology – final grade
EFB 492 (formerly EFB 497) – Senior Synthesis in Aquatic and Fisheries Science -Grade on
section of comprehensive exam
How assessed (metrics and targets)
A. Performance on organismal diversity components of EFB 424 (average of hands-on
diversity demonstration exercises and diversity component of exam).
B. Overall performance of AFS students in EFB 486, as measured by final grade
distribution.
C. Performance on organismal diversity component of final synthesis project in EFB 492.
D. Performance on diversity component of comprehensive exam administered in EFB 492.
Assessment Results
A. Performance on organismal diversity components of EFB 424 (average of hands-on
diversity demonstration exercises and diversity component of exam).
Average grade distribution of AFS students on diversity exercise and exam components in
EFB 424. Target: 80% of students (n=28) will meet or exceed expectations (>C).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
35.7
•
•

42.9

3.6

17.9

These data reveal that 78.6% of AFS students meet or exceed expectations.
The assessment target for this standard was not met, but we are not far below the
target.

Discussion
• Students were approaching meeting this metric. The instructor of EFB 424 (Schulz)
realized during the assessment period while compiling data for this metric that
students were having some difficulty with this standard, and she reorganized this
component of the course (beginning in fall 2013) to provide more hands on
interactions with organisms and more supplemental electronic media. Performance
on these metrics has improved over the last two years and these course modifications
will be continued. We anticipate exceeding the standard in the next cycle for this
metric based on these changes.
Aquatic and Fisheries Science
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B. Overall performance of AFS students in EFB 486, as measured by final grade distribution
Averaged final grade distribution of AFS students in EFB 486. Target: 80% of students
(n=23) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
52.2
•
•

43.5

4.3

0

These data reveal that 95.7% of AFS students meet or exceed expectations.
The assessment target for this standard was met.

Discussion
• Although this metric was met, we realized during discussion that the overall course
grade in Ichthyology does not actually assess this learning objective adequately,
because the course contains components not related to organismal diversity, and we
are changing this metric in the new assessment plan to evaluate performance on
laboratory practicum exam grades rather than the entire course grade.

C. Performance on organismal diversity component of final synthesis project in EFB 497.
• This metric was not assessed during this time period.
Discussion
• As described above, we determined that a final synthesis project was beyond the
scope of the one credit AFS seminar.
• Instead AFS faculty decided to substitute this metric with the average of diversity
quiz or lab practical grades in three other sets of courses: (1) the aquatics quiz in EFB
202, the lab practical exam grades in the Diversity of Life classes (EFB 210/211),
and lab practical grades in the two directed elective Organismal Diversity courses.

D. Performance on diversity component of comprehensive exam administered in EFB 497.
• This metric was not assessed during this time period.
Discussion
• The comprehensive exam is being implemented beginning in Spring 2015, and
included several assessment questions explicitly evaluating this learning outcome.
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Overall AFS group discussion related to performance on Learning Outcome 2
• During this assessment period our students met or were exceedingly close to meeting
the assessed standards. Changes are already in place that have improved
performance on the metric (A) that was slightly below the standard (78.6%).
• Despite extremely high performance on metric B, we realized that using the final
grade from Ichthyology would not be as informative for this metric as performance
on the laboratory practical exam and quizzes, and so are proposing a revision of
metric B to reflect that change.
• The AFS faculty (as described above) believed that the final senior synthesis project
in the original assessment plan was beyond the feasible scope for a one credit
seminar. Metric C is being revised and we are suggesting replacing this component
with the average of diversity quiz, lab practical or other relevant assignments from
EFB 202, Diversity of Life (EFB 210/211) and the Directed Elective Organismal
Diversity courses.
• The comprehensive exam is being administered as part of EFB 492 beginning spring
2015, so metric D will be assessed for the next cycle.
• In addition, the AFS faculty realized that this learning objective is a component of
several other courses in the Core Curriculum (EFB 202, and Diversity of Life, EFB
210/211) as well is the Organismal Diversity Directed Electives, and we substituted
an average performance on the relevant components of each of these courses for
metric C.
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Learning Outcome 3: Demonstrate broad familiarity with aquatic ecology and environmental
systems science, including basic knowledge of physical sciences (e.g., physical, chemical and
hydrologic properties of water) and the distribution and functioning of aquatic ecosystems
Where addressed in AFS curriculum
EFB 424 – Limnology: Study of Inland Waters – final grade distribution
EFB 492 (formerly EFB 497) – Senior Synthesis in Aquatic and Fisheries Science -Grade on
section of comprehensive exam
How assessed
A. Performance of AFS students in EFB 424, as measured by final grade distribution.
B. Performance on ecosystem component of final synthesis project in EFB 492.
C. Performance on components of comprehensive exam in EFB 492 that relate to this
outcome.

Assessment results
A. Performance of AFS students in EFB 424, as measured by final grade distribution.
Final grade distribution of AFS students in EFB 424. Target: 80% of students (n=28) will
meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
42.9
•
•

35.7

17.9

3.5

These data reveal that 78.6% of AFS students meet or exceed expectations.
The assessment target for this standard was not met, but we are not far below the
target.

Discussion
• There was not general concern about this metric because students were very close to
meeting the target and changes to the diversity component of the course (see
discussion for learning outcome 2) may provide a small boost to performance on this
metric sufficient to meet the standard. Because all components of the course are
related to aquatic ecology, the AFS group believed use of a final grade was
appropriate in this situation.
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B. Performance on ecosystem component of final synthesis project in EFB 497.
•

This metric was not assessed during this time period.

Discussion
• As described above, we determined that a final synthesis project was beyond the
scope of the one credit AFS seminar.
• Instead AFS faculty decided to replace this metric with the average of the final exam
grade or other relevant component (determined through the Course Curriculum and
Assessment Committee Survey) of the Physical/Chemical Environment and the
Environmental Systems Science Directed Electives.

C. Performance on components of comprehensive exam in EFB 497 that relate to this
outcome.
•

This metric was not assessed during this time period.

Discussion
• The comprehensive exam is being administered as part of EFB 492 (formerly EFB
497) beginning spring 2015, so metric C will be assessed for the next cycle.

Overall AFS group discussion related to performance on Learning Outcome 3
• Only one metric was able to be assessed during this cycle, and the students were just
below (78.6%) meeting that standard. Changes already discussed for learning
outcome 2 should result in more students meeting the standard.
• Metric B from the previous assessment is being revised. The new metric will be the
average final exam or other relevant course component of the Physical/Chemical
Environment and Environmental Systems Science Directed Electives.
• The comprehensive exam is being administered as part of EFB 492 beginning spring
2015, so metric C will be assessed for the next cycle.
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Learning Objective 4: Demonstrate understanding of economics and natural resource
management principles and techniques (e.g., assessment, intervention, evaluation, and policy
development), and appreciate the complexity of natural/human systems wherein management
is applied.
Where addressed in AFS curriculum
FOR 207 Introduction to Economics
EFB 492 (formerly EFB 497) – Senior Synthesis in Aquatic and Fisheries Science -Grade on
section of comprehensive exam
How assessed
A. Overall performance of AFS students in FOR 207 (or equivalent), as measured by final
grade distribution.
B. Performance on management component of final synthesis project in EFB 497.
C. Performance on management component of comprehensive exam in EFB 497.
Assessment results
A. Overall performance of AFS students in FOR 207 (or equivalent), as measured by final
grade distribution.
Averaged final grade distributions of AFS students in FOR. Target: 80% of students (n=12)
will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
25
•
•

66.7

0

8.3

These data reveal that 91.7% of AFS students meet or exceed expectations.
The assessment target for this standard was met.

B. Performance on management component of final synthesis project in EFB 497.
• This metric was not assessed during this time period.
Discussion
• As described above, we determined that a final synthesis project was beyond the
scope of the one credit AFS seminar.
• Instead AFS faculty decided to replace this metric with the average of the final exam
grade or other relevant component(s) (determined through the Course Curriculum
and Assessment Committee Survey) of the Management Directed Elective.
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C. Performance on management component of comprehensive exam in EFB 497.
•

This metric was not assessed during this time period.

Discussion
• The comprehensive exam is being administered as part of EFB 492 (formerly EFB
497) beginning spring 2015, so metric C will be assessed for the next cycle.

Overall AFS group discussion related to performance on Learning Outcome 4
• Only one metric was assessed during this cycle, and the students met that standard.
• Metric B from the previous assessment is being revised. The new metric will be the
average final exam or other relevant course component of the Management Directed
Elective.
• The comprehensive exam is being administered as part of EFB 492 beginning spring
2015, so metric C will be assessed for the next cycle.
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Learning Outcome 5: Demonstrate mastery of basic competencies needed to be an effective
aquatic science professional, including understanding and application of the most common
and important tools of aquatic ecology and fisheries, including organism collection, habitat
assessment and related field and laboratory techniques, basic and applied mathematics and
numeracy, statistics, and fundamentals of the scientific method.
Where addressed in AFS curriculum
APM 391- Introduction of Probability and Statistics – final grade
EFB 424 - Limnology: Study of Inland Waters – applied problem set grades
EFB 492 (formerly EFB 497) – Senior Synthesis in Aquatic and Fisheries Science –grade on
synthesis project
How assessed
A. Overall performance of AFS students in APM 391, as measured by final grade
distribution.
B. Distribution of mean performance of AFS students on applied problem sets in EFB 424.
C. Performance on final synthesis project in EFB 497.
Assessment results
A. Overall performance of AFS students in APM 391, as measured by final grade
distribution.
•

No student grades were provided by the registrar for AFS students in this course during
the assessment period, preventing assessment of this metric.

Discussion
• Students are taking this course. Problems with grade reporting from the registrar to
the assessment team were resolved after this assessment period, so incomplete data
are not expected in future assessments.
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B. Distribution of mean performance of AFS students on applied problem sets in EFB 424

Grade distribution of AFS students on applied problem sets in EFB424. Target: 80% of
students (n=28) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
39.3
•
•

57.1

3.57

0

These data reveal that 96.4% of AFS students meet or exceed expectations.
The assessment target for this standard was met.

Discussion
• Everyone was satisfied with this metric.

C. Performance on final synthesis project in EFB 497
• This metric was not assessed during this time period.
Discussion
• As discussed above, the senior synthesis project is beyond the scope of this one credit
class.
• We are proposing to replace this metric with the average performance in the
Analytical Tools directed elective.
Overall AFS group discussion related to performance on Learning Outcome 5
• The students appear to be doing well in this area, but we need to ensure that more
assessment metrics are available.
• We will replace the synthesis project with performance in the Analytical Tools
elective for Metric C.
• Based on the results of the Course Curriculum Assessment Committee’s survey, we
may also include relevant components of other courses in the average of the revised
metric C.
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Learning Outcome 6: Communicate scientific concepts, observations and experimental
results in a variety of oral and written formats.
Where addressed in AFS curriculum
CLL 190 Writing and the Environment (now EWP 190)
CLL 290 Research Writing and Humanities (now EWP 290)
EFB 424 Limnology: Study of Inland Waters – research synthesis paper
EFB 486 Ichthyology – term paper
EFB 492 Senior Synthesis in Aquatic and Fisheries Science – synthesis project
How assessed
A. Distribution of mean performance of AFS students in two required courses, CLL 190 and
CLL 290, as measured by final grades.
B. Performance of AFS students on topic paper in EFB 424.
C. Performance of AFS students on final term paper in EFB 486.
D. Performance on presentation and written portion of final synthesis project in EFB 497.
3. Assessment results

A. Distribution of mean performance of AFS students in two required courses, CLL 190 and
CLL 290, as measured by final grades
Grade distribution of AFS students in CLL 190 and CLL 290. Target: 80% of students
(n=13) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
46.2
•
•

46.2

0

7.7

These data reveal that 92.3% of AFS students meet or exceed expectations.
The assessment target for this standard was met.

Discussion
• Students perform better in CLL 290 than CLL 190, but meet the standard for
both…this may indicate that CLL190 is successfully preparing students for CLL290.
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B. Performance of AFS students on topic paper in EFB 424
Distribution of final grades for AFS students on a topic paper in EFB 424. Target: 80% of
students (n=28) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
57.1
•
•

28.6

14.3

0

These data reveal that 85.7% of AFS students meet or exceed expectations.
The assessment target for this standard was met.

C. Performance of AFS students on final term paper in EFB 486
Distribution of average final grades for AFS students in EFB 486 final paper. Target: 80% of
students (n=23) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
43.5
•
•

52.2

4.35

0

These data reveal that 95.7% of AFS students meet or exceed expectations.
The assessment target for this standard was met.

D. Performance on presentation and written portion of final synthesis project in EFB 497.
• This metric was not assessed during this time period.
Discussion
• As discussed above, the senior synthesis project is beyond the scope of this one credit
class.
• We are proposing to replace this metric with the average performance in the
Communications Directed Elective and the student interview by panel in EFB 492.
Overall AFS group discussion related to performance on Learning Outcome 6
• The students appear to be doing well in this area based on the 3 (of 4) metrics we
were able to assess.
• We propose revising Metric C as the average of the performance in the
Communications Directed Elective and the interview in EFB 492.
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Modifications to Future Assessment Plans
Learning Outocme 1:
(1) Add metric related to performance on relevant assignment in EFB 486 and the Structure/Function
Direct Elective.
Learning Outcome 2:
(1) Change Metric B to performance on final laboratory practicum and exam and quiz grades in EFB 486,
which are the course components relevant to this L.O.
(2) Replace Metric C with the average of diversity quiz and/or lab practical grades in EFB 202, lab
practical grades in the Diversity of Life (EFB210/211) sequence, and lab practical grades in the two
Directed Elective Organismal Diversity courses.
Learning Outcome 3:
(1) Revise Metric B to the average final exam or other relevant course component(s) of the
Physical/Chemical Environment and Environmental Systems Science Directed Elective.
Learning Outcome 4:
(1) Revise Metric B to the average of relevant components of the Management Directed Elective course.
Learning Outcome 5:
(1) Revise Metric C from the previous assessment to the average of relevant components of the Analytical
Tools Directed Elective course.
Learning Outcome 6:
(1) Revise Metric C as the average performance in the Communications Directed Elective and the
interview in EFB 492.
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Table 2. Aquatic and Fisheries Science Assessment plan (proposed April 2015).
Learning Outcome
Where
How Assessed2
Assessment Results
(what students
(see above narrative)
Addressed in the
should be able to do) Program
1. Demonstrate
knowledge of
structure, function
and organization at
molecular, cellular
and organismal
levels, as well as
micro- and macroevolutionary
processes that
contribute to
adaptations and
biodiversity.

EFB 307, EFB
311, EFB 320,
EFB 325, EFB
486, EFB 492,
Structure/Function
Directed Elective

A. Distribution of mean
performance of AFS
students in two
required courses, EFB
307 and EFB 325, as
measured by final
grades.
B. Distribution of mean
performance of AFS
students in two
required courses, EFB
311 and EFB 320, as
measured by final
grades.

Students did not
meet the standard in
all courses (<80%).
The exam was not
offered due to
implementation
problems in EFB
492; the revised
assessment will be
implemented
beginning 2015.

C. Performance on
components of
comprehensive exam
(administered in EFB
492 Aquatic Senior
Synthesis Seminar) that
relate to this outcome.

2. Demonstrate
broad familiarity
with fishes and other
aquatic organisms
from both freshwater
and marine
environments, as
well as breadth in
organismal diversity
of plants or microbes
and animals,
including their
taxonomy, evolution,
anatomy,
physiology,
distribution, and life
history.

EFB 202, EFB
210/211, EFB
424, EFB 486,
EFB 492,
Directed Elective
Diversity courses

D. Performance on
relevant assignments in
EFB 486 and the final
grades in
Structure/Function
elective
A. Performance on
organismal diversity
components of EFB
424 (hands-on
demonstration
exercises and exam).
B. Performance of AFS
students in EFB 486 on
lab practicum exam
and quizzes.
C. Average of diversity
quiz and/or lab
practical grades inFB
202, 210, 211 and
Directed Elective
Diversity Courses.
D. Performance on
diversity component of
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Students met or
nearly met one
measured objective
and came close in the
other (78.6%)
measured objective.
As above, objectives
related to EFB 492
were not
implemented. The
revised assessment
will be implemented
beginning 2015.

Response to
Results
(see above
narrative)
(1) Improved
advising and AFS
group meetings to
convey relevance of
the courses to AFS
majors. (2)
Improved
communication of
AFS faculty with
course instructors to
assist with
additional
materials/case
studies relevant to
AFS majors
(3) Implementation
of the
comprehensive
exam beginning
spring 2015, (4)
Additional metric
related to
performance on
relevant assignment
in EFB 486 and the
Structure/Function
Direct Elective
(beginning 20152016 AY).
(1) Metric B was
being changed to
performance on lab
practical and quiz
grades, which are
the course
components
relevant to this L.O.
(2) Metric C was
replaced by the
average of diversity
quiz and/or lab
practical grades in
EFB 202, lab
practical grades in
the Diversity of Life
(EFB210/211)
sequence, and lab
practical grades in
the two Directed
Elective Organismal
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comprehensive exam
administered in EFB
492.

3. Demonstrate
broad familiarity
with aquatic ecology
and environmental
systems science,
including basic
knowledge of
physical sciences
(e.g., physical,
chemical and
hydrologic
properties of water)
and the distribution
and functioning of
aquatic ecosystems.

EFB 424, EFB
492,
Physical/Chemical
Environment and
Environmental
Systems Science
Directed Electives

4. Demonstrate
understanding of
economics and
natural resource
management
principles and
techniques (e.g.,
assessment,
intervention,
evaluation, and
policy development),
and appreciate the
complexity of
natural/human
systems wherein
management is
applied.

FOR 207, EFB
492, Management
Directed Elective

5. Demonstrate
mastery of basic
competencies needed
to be an effective
aquatic science
professional,
including
understanding and
application of the
most common and
important tools of
aquatic ecology and
fisheries, including

APM 391, EFB
424, EFB 492,
Analytical Tools
Directed Elective

A. Performance of AFS
students in EFB 424, as
measured by final
grade distribution.
B. Performance on
relevant components of
the Physical/Chemical
Environment and
Environmental Systems
Science Directed
Electives.

Students came close
to meeting or nearly
meeting (78.6%) or
met the one
measured objective
(A). As above,
objectives related to
EFB 492 were not
implemented. The
revised assessment
will be implemented
beginning 2015.

C. Performance on
components of
comprehensive exam in
EFB 492 that relate to
this outcome.4
A. Overall performance
of AFS students in
FOR 207 (or
equivalent), as
measured by final
grade distribution.
B. Final exam grade or
other relevant
component of the
Management Directed
Elective.
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C. Performance on
management
component of
comprehensive exam in
EFB 492.
A. Overall performance
of AFS students in
APM 391, as measured
by final grade
distribution.
B. Distribution of mean
performance of AFS
students on applied
problem sets in EFB
424.
C. Average of relevant

Students met
(91.7%) the one
measured objective
(A). As above,
objectives related to
EFB 492 were not
implemented. The
revised assessment
will be implemented
beginning 2015.

Students met
(96.4%) the one
measured objective
(B).

Diversity courses.
(3) Implementation
of the
comprehensive
exam beginning
spring 2015.
(1) Metric B from
the previous
assessment is being
revised. The new
metric will be the
average final exam
or other relevant
course component
of the
Physical/Chemical
Environment and
Environmental
Systems Science
Directed Elective.
(2) Implementation
of the
comprehensive
exam beginning
spring 2015.
(1) Metric B from
the previous
assessment is being
revised. The new
metric will be the
average of relevant
components of the
Management
Directed Elective
course.
(2) Implementation
of the
comprehensive
exam beginning
spring 2015.

(1) The problem
with receipt of
grades for (A) from
the registrar’s office
has been resolved.
(2) Metric C from
the previous
assessment is being
revised. The new
metric is the
average of relevant
components of the
Analytical Tools
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organism collection,
habitat assessment
and related field and
laboratory
techniques, basic and
applied mathematics
and numeracy,
statistics, and
fundamentals of the
scientific method.
6. Communicate
scientific concepts,
observations and
experimental results
in a variety of oral
and written formats.

components of the
Analytical Tools
Directed Elective.

EWP 190, EWP
290, EFB 424,
EFB 486, EFB
492,
Communications
Directed Elective

A. Distribution of mean
performance of AFS
students in two
required courses, EWP
190 and EWP 290, as
measured by final
grades.

Directed Elective
course.

Students met all
measured objectives
(3 of 4).

(1) Revise Metric C
as the average
performance in the
Communications
Directed Elective
and the interview in
EFB 492.

B. Performance of AFS
students on topic paper
in EFB 424.
C. Performance of AFS
students on final
laboratory term paper
in EFB 486.
D. Average
performance in
Communications
Directed Elective, as
measured by final
grade or relevant
component, and the
interview in EFB 492.
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Biotechnology
Assessment Team
Christopher M. Whipps, Associate Professor
Lee Newman, Associate Professor
William A. Powell, Professor, BTC Curriculum Coordinator
Danilo D. Fernando, Associate Professor

About the Major
Biotechnology is an interdisciplinary major that is administered through the Department of Environmental
& Forest Biology, but that involves faculty and courses in several other programs (Paper & Bioprocess
Engineering, Chemistry, and Forest and Natural Resource Management). Biotechnology is the application
of biological organisms, cells, or molecules to produce a product or service for the betterment of
humankind. This area of study includes aspects of molecular biology, cell biology, biochemistry, and
genetic engineering, among other related biological disciplines. This growing field of study offers diverse
career opportunities involving the application of biotechnology in solving environmental and natural
resource problems. The Bachelor of Science Degree in Biotechnology provides focus to students with a
strong interest in subjects relating to biotechnology in natural systems. It also provides a route for
students interested in the health professions, while at the same time encouraging elective breadth in the
social sciences, humanities, and environmental studies. The curriculum has an emphasis on the basic
sciences with a strong foundation in biology, chemistry, calculus, and physics that will prepare the
student for upper level biology and chemistry courses, including entry level graduate biochemistry
courses. This degree program will prepare students to use molecular and biochemical approaches to tackle
environmental, natural resource, agricultural, or medical questions, as well as provide sufficient breadth
for a student to enter a clinical medical career. Students who complete this major will be qualified to enter
the growing biotechnology related job market or continue their studies in graduate or professional school.

2008 Assessment Plan
The assessment plan for the Biotechnology major was established in 2008 and is outlined in Table 3. The
specific learning outcomes are presented below, along with discussion of the core courses where the
objectives are addressed within the program, and description of how the outcomes have been assessed
within the program.
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Table 3. Biotechnology Assessment Plan Established in 2008.
How Assessed2

Learning Outcome (what students
should be able to do)
1. Communicate effectively, both
orally and in writing, factual
knowledge of biotechnology and
results of research.

Where Addressed in
the Program1
BTC132, CLL190,
290, BTC401,
BTC499

2. Demonstrate an elementary
knowledge of basic and applied
mathematics and apply it to common
practices in biotechnology such as
making dilutions, making molar
solutions, and analyzing data.
3. Demonstrate understanding of the
scientific method by being able to
formulate a hypothesis, designing
experiments with proper controls, and
analyzing results with respect to the
hypothesis.
4. Demonstrate understanding of the
basis of genetic information, how it is
expressed, how it is inherited, how it
can vary through mutation and
recombination, and how it contributes
to the diversity and evolution of
species.

APM 105, 106,
PHY101, 102,
BTC401

5. Demonstrate the ability to work
productively and cooperatively with
co-workers and supervisors in a
research or clinical setting.

FCH 222, 224,
EFB308, EFB303,
BTC401, BTC420,

6. Demonstrate ability to make
synergistic connections between
concepts in biology, mathematics,
chemistry, and physics as related to
biotechnology.

EFB307, 308,
EFB325, BTC401,
BTC420, BTC497,
BTC498, BTC499,
and some directed
electives

A. Performance in BTC 499 Senior Project
Synthesis as measured by final grade distribution.
B. Outcome-specific questions on the Major Field
Exam supplemented with questions written by
EFB faculty associated with the biotechnology
major.

7. Demonstrate the knowledge of
cellular processes and biochemistry
that provide a basis for
biotechnological and medical
applications.

EFB103, 104,
EFB307, 308,
EFB325, BTC401,
FCH530, 532

A. Performance of BTC students in EFB325 Cell
Physiology, FCH530 Biochemistry I, and FCH532
Biochemistry II, as measured by mean of final
grades.
B. Outcome-specific questions on Major Field
Exam supplemented with questions written by
EFB faculty associated with the biotechnology
major.
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EFB307, 308,
BTC401, BTC497,
BTC498, BTC499

EFB103, 104,
EFB307, 308,
EFB325, BTC401

A. Performance in EWP190 and EWP290 as
measured by mean final grade distribution. (for
evaluating writing in general)
B. Performance in BTC 499, Senior Project
Synthesis (as related to scientific presentation of
data).
C. Writing performance in laboratory reports for
BTC401 Molecular Techniques
A. Performance in APM105 & APM106 as
measured by final mean grade distribution.
B. Embedded questions in BTC401 Molecular
Techniques exam (for lab specific uses of math).

A. Performance in Drosophila crosses experiment
in EFB308, Genetics lab.
B. Performance in BTC498, Research Problems in
Biotechnology as measured by final grade
distribution. (these lab research experiences are
required to be hypothesis driven.)
A. Performance in EFB307 Principles of
Genetics, as measured by final grade distribution.
(this entire course contributes to this outcome)
B. Outcome-specific questions on the Major Field
Exam supplemented with questions written by
EFB faculty associated with the biotechnology
major. (this allows comparisons to national
averages)
A. BTC420 Biotechnology Internship supervisor
evaluation questionnaire, section F, questions 1-3.
B. Laboratory group-cooperation survey given in
EFB104 General Biology II and EFB308 Genetics
lab.
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Table 4. Course requirements for Biotechnology and where
learning outcomes 1-7 are addressed.
Course

1

AMP105, 106
EFB101,102, 103, 104
BTC132

*
*

FCH150, 151, 152, 153
PHY101, 102
CLL190, 290

3

4

*
*

*

*
*

*
*

*

*

*
*

*

*

*
*
*

*
*

EFB303
EFB320
EFB325
BTC401
BTC420
BTC497
BTC498
BTC499

*
*
*
*
*

FCH530, 532
Directed electives

5

6

*
*
*

*
*
*
*

7

*

*

FCH221, 222, 223, 224
EFB307, 308

2

*

*
*
*
*
*
*
*

*
*
*
*
*

*
*
*

*
*
*
*
*
*

*
*

*
*
*
*
*
*
*
*

*

*
*
*
*
*

Much of the program and program assessment are built around several key biotechnology (BTC) courses
(Table 2), listed below with catalog descriptions and supplemental text (in italics) describing their role in
the program.
BTC 132 Orientation Seminar (1)
One hour of lecture or discussion per week. Occasional tour of laboratories or field trips.
Introduction to campus facilities, personnel, lower-division curriculum, and upperdivision study options to facilitate transition of students into the program and assist them
in making informed decisions on course selection and future career directions.
An introduction to the research of the biotechnology faculty and opportunities at ESF.
Gives students a chance to see possible applications of biotechnology and make
connections with potential professors for subsequent research projects.
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BTC 401 Molecular Biology Techniques (4)
Two hours lecture and six hours laboratory per week. Theories behind techniques in
molecular biology are introduced in lecture. Laboratory includes the extraction and
quantification of genomic and plasmid DNA, agarose gel electrophoresis, restriction
digestion, ligation, bacterial transformation, DNA sequencing and PCR. Additional topics
in molecular biology are presented by the students.
This is the fundamental methods course for the major. Students learn the basics of key
techniques critical for biotech work. With 2 labs each week, there is a lot of hands-on
learning in addition to the theory behind the methods. Having taken this course,
students are much more prepared to seek internships and research experiences.
BTC 420 Internship in Biotechnology (1 - 5)
Full- or part-time employment or volunteer work with an agency, institution, clinic,
professional group, business, or individual involved in activities consistent with the
student's educational and professional goals. The extent of the internship activities shall
be commensurate with the credits undertaken. A resident faculty member must serve as
the student's academic sponsor. A study plan outlining the internship's educational goals
must be completed prior to its commencement. Grading will be based on a written report
from the student and submitted to the sponsoring faculty member and on an evaluation of
the student's performance written by the site supervisor to the sponsoring faculty
member.
The required internship reinforces the idea of hands-on learning. These also may lead
to opportunities for research experiences.
BTC 497 Research Design and Professional Development (1)
One hour of discussion or seminar each week covering the scientific method, professional
ethics and responsibilities of the practicing scientist. Employment opportunities, future
career choices, safety considerations, and use of the scientific literature are covered.
Students will select a research topic and prepare a proposal, which may be applied to
BTC 498 or BTC 420.
An introduction to basics of research and professional development. Among other
topics, students learn how to seek internships and research opportunities in a directed
manner.
BTC 498 Research Problems in Biotechnology (1 - 9)
Laboratory research experience with research time agreed upon by student and instructor.
Independent research experience covering biotechnological topics. Specific topics
determined through consultation between student and appropriate faculty member.
Tutorial conferences, discussions, and critiques scheduled as necessary. Grading
determined by the instructor and could include, but not required, evaluation of skills
learned, data obtained, and laboratory notebook record keeping. A final written report is
required.
Gives students experience working on research projects, applying their skills from
coursework and internships. Carrying out a research project allows students to hone
these skills and go beyond the basics of what is covered in coursework. With welldeveloped skills, graduates are more competitive for jobs, graduate school, and
professional schools.
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BTC 499 Senior Project Synthesis (1)
One hour of discussion or seminar each week. Students will learn to synthesize results
gained from their own independent research and present those data in a scientific poster
at a research symposium. Topics of professional preparation will also be discussed.
The culmination of the BTC program. Students typically summarize their research
projects with oral and poster presentations. Reinforces professional development skills
as well.

Biotechnology

37

Assessment Results
Learning Outcome 1. Communicate effectively, both orally and in writing, factual knowledge
of biotechnology and results of research.
Where addressed: see Table 3.
How assessed:
A. Distribution of averaged final grades in EWP 190 and EWP 290.
B. Performance in BTC 499, Senior Project Synthesis (as related to scientific presentation of data).
C. Distribution of grades on BTC 401 (Molecular Techniques) laboratory report assignments.
Assessment Results:
A. Averaged final grades in EWP 190 and EWP 290
Distribution of averaged final grades in EWP 190 and EWP 290. Target: 80% of students
(n=40) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
58%

38%

5%

0%

Result: 96% of students met or exceeded expectations.

B. Performance in BTC 499, Senior Project Synthesis (as related to scientific presentation of
data).
Averaged performance of scores for scientific presentations in EFB 499. Target: 80% of
students (n=42) will meet or exceed expectations ( ≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
83%

12%

5%

0%

Result: 95% of students met or exceeded expectations.

C. BTC 401 laboratory reports
Distribution of grades on BTC 401 (Molecular Techniques) laboratory report assignments:
80% of students (n=28) will meet or exceed expectations ( ≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
86%

11%

0%

3%

Result: 97% of students met or exceeded expectations.
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Discussion
For all measures, the target goals were met. The BTC faculty discussed this outcome and its measures,
and decided that ‘B’ and ‘C’ are sufficient to evaluate this outcome. Students met the target for ‘A’, but
these writing courses (EWP 190, 290) are not under the control of BTC faculty, and if a change were to
be desired, this might be difficult to change. Furthermore, although it is satisfying to see BTC students do
well in these classes, overall grades are a coarse measure of how students might be meeting the specific
goals in relation to communication. The Senior Synthesis course provides the best opportunity for
students to demonstrate presentation skills multiple times (score is based on three presentations). Multiple
written reports are required in BTC 401 Molecular Techniques.
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Learning Outcome 2. Demonstrate an elementary knowledge of basic and applied
mathematics and apply it to common practices in biotechnology such as making dilutions,
making molar solutions, and analyzing data.
Where addressed: see Table 3.

How assessed:
A. Performance in APM 105 & APM 106 as measured by final mean grade distribution.
B. Embedded questions in BTC 401 Molecular Techniques (for lab specific uses of math).

Assessment Results:
A. Averaged APM 105 and APM 106 final grades.
Distribution of averaged student final grades in APM 105 and APM 106. Target: 80% of
students (n=43) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
40%

49%

5%

7%

Result: 89% of students met or exceeded expectations.

B. Embedded questions in BTC 401 Molecular Techniques
Distribution of grades on math evaluation in embedded questions from BTC401. Target:
80% of students (n=17) will meet or exceed expectations ( ≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
82%

12%

0%

6%

Result: 94% of students met or exceeded expectations.
Discussion
Targets were met for both measures. However, after some discussion, we decided to change our approach
to evaluating mathematical skills with a focus on application. Calculus (APM 105 & 106) is an
introductory level class, so we chose to evaluate performance in an upper division course, APM 391Statistics. Final grades will be used from APM 391, because although final grades can be a coarse
measure for some subjects, the entirety of APM 391 is relevant to applied mathematics. APM 391 has
also been added to the core curriculum of the BTC major. We also decided to eliminate the embedded
questions from the BTC 401 exam as a point of assessment. Instead, this will be evaluated during BTC
499-Senior Synthesis with questions as part of a BTC exam for seniors.
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Learning Outcome 3. Demonstrate understanding of the scientific method by being able to
formulate a hypothesis, designing experiments with proper controls, and analyzing results
with respect to the hypothesis.
Where addressed: see Table 3.
How assessed:
A. Distribution of student grades on scientific method evaluation of Drosophila crosses experiment
in EFB 308 (Genetics lab).
B. Distribution of student final grades in BTC498 (Research Problems in Biotechnology).

Assessment Results:
A. EFB 308 Drosophila laboratory
Distribution of student grades on scientific method evaluation of Drosophila crosses
experiment in EFB 308. Target: 80% of students (n=19) will meet or exceed expectations (≥
73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
42%

53%

5%

0%

Result: 95% of students met or exceeded expectations.

B. BTC 498 (Research Problems) final grades
Distribution of student final grades in BTC 498 (Research Problems in Biotechnology).
Target: 80% of students (n=30) will meet or exceed expectations ( ≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
53%

40%

3%

3%

Result: 93% of students met or exceeded expectations.
Discussion
Students met the targets for both measures. Discussion of this metric illuminated some key problems with
the data. For the Drosophila lab, the data are difficult to aggregate because of multiple lab sections.
Furthermore, teaching assistants do most of the grading for this assignment making consistency a
problem. For BTC 498, the research experience can take place at ESF or at other locations and there is, in
some cases, less control over the experience. To assess this outcome in the future, we will continue to use
BTC498, but taking the scores from a standardized reporting form that students must complete for their
experiences. This form will include a section on their experimental design and on hypotheses. In addition,
we will assess student’s ability to analyze results from exam questions administered in BTC499-Senior
Synthesis.
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Learning Outcome 4. Demonstrate understanding of the basis of genetic information, how it
is expressed, how it is inherited, how it can vary through mutation and recombination, and
how it contributes to the diversity and evolution of species.

Where addressed: see Table 3.

How assessed:
A. Distribution of student final grades in EFB 307 (Principles of Genetics)
B. Distribution of student scores on pooled genetics questions in Major Field Test.
Assessment Results:

A. EFB307 final grades
Distribution of student final grades in EFB 307 (Principles of Genetics). Target: 80% of
students (n=46) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
50%

41%

7%

2%

Result: 91% of students met or exceeded expectations.

B. Major Field Test genetics questions - data not collected

Discussion
Students met the target for final grades in Genetics. We did not implement the major field test due to
funding and logistics. Moving forward, we decided that the overall grade in Genetics is a coarse measure
for this outcome on its own. Instead, we will aggregate the final grade in Genetics with performance in
EFB 103 Exam 3 and EFB 325 Exam 2, which focus specifically on this topic. We will also evaluate this
outcome during BTC 499-Senior Synthesis.
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Learning Outcome 5. Demonstrate the ability to work productively and cooperatively with coworkers and supervisors in a research or clinical setting.

Where addressed: see Table 3.

How assessed:
A. Distribution of scores on supervisor evaluations (Section 5, questions 1-3) for BTC 420
(Biotechnology Internship).
B. Distribution of student peer evaluations of performance during group research project in EFB 308
(Genetics Lab)

Assessment Results:
A. BTC420 supervisor evaluations
Distribution of scores on supervisor evaluations (Section 5, questions 1-3) for BTC 420
(Biotechnology Internship). Target: 80% of students (n=8) will meet or exceed expectations
(≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
75%

25%

0%

0%

Result: 100% of students met or exceeded expectations.

B. Group work peer evaluations
Distribution of student peer evaluations of performance during group research projects in
EFB 308 (Genetics Lab). Target: 80% of students (n=19) will meet or exceed expectations
(≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
58%

37%

5%

0%

Result: 95% of students met or exceeded expectations.
Discussion
Students met the targets for this outcome; however, the BTC faculty decided to remove this outcome from
the assessment plan. The data were difficult to collect because the peer evaluations in Genetics lab would
need to be done for the entire class to extract a subset of data for just the BTC students. We were unable
to effectively streamline the aggregation of supervisor evaluations for BTC 420. The supervisor
evaluations also tended to be very good, which speaks well of our students, but we were also concerned
these evaluations do not provide the rigor that one might find in a typical university class. In addition, not
all internships included a teamwork component. Nonetheless, the BTC 420 Internship experiences are
very valuable for our students.
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Learning Outcome 6. Demonstrate ability to make synergistic connections between concepts
in biology, mathematics, chemistry, and physics as related to biotechnology.
Where addressed: see Table 3.

How assessed:
A. Distribution of final student grades in BTC 499 (Senior Synthesis).
B. Distribution of student scores on outcome-specific questions on the Major Field Exam.
Assessment Results:

A. BTC499 final grade distribution
Distribution of final student grades in BTC 499 (Senior Synthesis). Target: 80% of students
(n=42) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
81%

17%

2%

0%

Result: 98% of students met or exceeded expectations.

B. Major Field Test genetics questions - data not collected

Discussion
Students met the target for this outcome based on the final grades for BTC 499. As mentioned previously,
the Major Field Test was not implemented, and instead we decided to proceed with an exam created
within the major that students will take during BTC 499. Still, the capstone Senior Synthesis class is
probably the best way to effectively measure this outcome, and we didn’t think having only the one
measure caused us to miss something critical in this outcome.
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Learning Outcome 7. Demonstrate the knowledge of cellular processes and biochemistry that
provide a basis for biotechnological and medical applications.

Where addressed: see Table 2.
How assessed:

A. Distribution of averaged final grades in EFB 325 (Cell Physiology) FCH 530 Biochemistry I, and
FCH 532 Biochemistry II.
B. Distribution of student scores on outcome-specific questions on Major Field Exam.
Assessment Results:

A. Distribution of averaged final grades in EFB 325, FCH 530, FCH 532
Distribution of averaged final grades in EFB 325, FCH 530, FCH 532. Target: 80% of
students (n=61) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
67%

23%

7%

3%

Result: 90% of students met or exceeded expectations.
B. Major Field Test genetics questions - data not collected
Discussion
Combining grades from Cell Biology and Biochemistry, the target was met for 7A. Combined, we still
feel that overall performance in these classes is a good reflection of understanding of cellular processes
and biochemistry. As mentioned previously, the Major Field Test was not implemented, and instead we
decided to proceed with an exam created within the major that students will take during BTC 499.
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Conclusions and Recommendations
Where we could effectively gather metrics, targets were met for each outcome over the academics years
in 2009-2012. The BTC faculty believed this was an accurate reflection of our students, but we
recognized our current assessment model was set up in a way that made it difficult to collect some data.
Specifically, we were missing data from three learning outcome measures because the Major Field Test
was not implemented due to cost of the exam and logistical problems with administering it. It was also
difficult to gather peer review data for group work, and we questioned the value of these data in
programmatic assessment. In some cases, the reliance on whole course grads was too coarse a measure
(writing courses), but in other cases (Statistics for applied math) this was warranted.
Looking forward, we have made the following changes to our assessment plan:
• Removed original learning outcome 5 regarding group work due to difficulty collecting data and
questionable value as an assessment tool
• Shifted focus of writing and communication assessment (LO#1) to the lab intensive BTC 401 and
BTC 499 Senior Synthesis.
• Removed Major Field Test from assessment plan, and replaced in some places with a senior
synthesis exam to be administered in BTC 499 to all seniors taking the class.
• Added APM 391 Statistics as a measure of applied mathematics, and added this course to our core
curriculum.
• For LO#4 included exam grades from 2 classes to evaluate understanding of genetics at different
points in the curriculum. The exams provide a more pointed assessment of the topic versus final
grades from these classes, which cover other topics.
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Modification to Assessment Plan
Table 4. Modified assessment plan for the Biotechnology major (October 2015).
Learning Outcome (what students
should be able to do)
1. Communicate effectively, both
orally and in writing, factual
knowledge of biotechnology and
results of research.

Where Addressed in the
Program1
BTC132, CLL190, 290,
BTC401, BTC499

How Assessed1
A. BTC 499, quality of two oral
presentations, and final grade of third
presentation).

2. Demonstrate an elementary
knowledge of basic and applied
mathematics and apply it to common
practices in biotechnology such as
making dilutions, making molar
solutions, and analyzing data.

APM 105, 106, 391, PHY101,
102, BTC401

B. Averaged performance of BTC
students on writing quality
components of written laboratory
reports in BTC401 (Molecular
Techniques) and EFB308 (Genetics
Lab).
A. Embedded questions in
assessment Exam in BTC 499

3. Demonstrate understanding of the
scientific method by being able to
formulate a hypothesis, designing
experiments with proper controls, and
analyzing results with respect to the
hypothesis.

EFB307, 308, BTC401,
BTC497, BTC498, BTC499

B. Performance in APM 391
Introduction to Probability and
Statistics, as measured by final grade
distribution. (this entire course
contributes to this outcome)
A. Embedded questions in
assessment Exam in BTC 499

4. Demonstrate understanding of the
basis of genetic information, how it is
expressed, how it is inherited, how it
can vary through mutation and
recombination, and how it contributes
to the diversity and evolution of
species.
5. Demonstrate ability to make
synergistic connections between
concepts in biology, mathematics,
chemistry, and physics as related to
biotechnology.

EFB103, 104, EFB307, 308,
EFB325, BTC401

6. Demonstrate the knowledge of
cellular processes and biochemistry
that provide a basis for
biotechnological and medical
applications.

B. Performance in BTC498,
Research Problems in Biotechnology
as measured by scores on
components of a standardized final
report.
A. Performance in EFB103 Exam 3
and EFB325 Exam 2 and 4, and final
grade EFB307.
B. Embedded questions in
assessment exam in BTC 499

EFB103, 104, EFB307, 308,
EFB325, BTC401, FCH530,
532EFB307, 308, EFB325,
BTC401, BTC420, BTC497,
BTC498, BTC499, and some
directed electives
EFB103, 104, EFB307, 308,
EFB325, BTC401, FCH530,
532

A. Exam #1 EFB325
B. Performance in BTC401 Exam#3
C. EFB499, scientific component of
presentations #1 & #2.

A. Performance of BTC students in
EFB325 Cell Biology, FCH530
Biochemistry I, and FCH532
Biochemistry II, as measured by
mean of final grades.
B. Flow Cytometry lab report from
BTC401, and EFB325 Exams 3 and
4 (Cellular Signaling, Sexual
Reproduction, Cell Communities and
Cancer).
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Conservation Biology
Assessment Team
Dylan Parry, Associate Professor (Curriculum Coordinator)
James Gibbs, Professor

History
The B.S. in Conservation Biology was first offered to ESF students in the Fall semester, 2004, in response
to (1) an increased desire among undergraduates for training focused on conservation of biological
diversity, (2) increased recognition at the societal level of the need to address the biodiversity crisis, (3)
realization that EFB was well-positioned at the national level in terms of existing capacity to mount a new
undergraduate major in the area, and (4) EFB’s desire to offer more specialized majors as a strategy to be
more competitive for recruiting more and better students. Originally intended as a “small” major with a
target of 25 students enrolled it has grown to be the largest in Department (> 160 undergraduates in recent
years) because of its topical appeal, curriculum that integrates many disciplines, and the versatility it
affords to graduates in terms of career paths.

Objectives of the Conservation Biology Major
Conservation Biology is the application of science to conserve the earth's imperiled species and
ecosystems. The field is a relatively young one that is growing rapidly in response to the biodiversity
crisis, perhaps the most critical environmental issue of our time. Conservation biologists view all of
nature's diversity as important and having inherent value. This diversity spans the biological hierarchy
and includes variation at the level of genes, populations, communities, ecosystems, and biomes.
A focus on biological diversity and an intrinsic valuation of nature is what distinguishes conservation
biology from wildlife management (with its somewhat more utilitarian perspective and a focus on
populations of birds and large mammals) and from general environmental biology (with a broad focus on
environmental issues). Conservation biologists seek ways to integrate biological perspectives with social,
economic, legislative and political ones to achieve conservation goals.
The courses associated with this major reflect the interdisciplinary and holistic nature of conservation
biology. After obtaining a foundation in basic science communication, and general education subjects,
students learn the evolutionary and ecological forces that have generated the patterns of biodiversity
around us, through courses in organismal biology, evolutionary and systematic biology, population
biology, ecology and ecosystem science.
An introductory course in Conservation Biology and an advanced course in Problem Solving in
Conservation Biology familiarize students with the dimensions of the current biodiversity crisis and
approaches to address it. These courses, in combination with a selection of advanced courses with strong
conservation biology themes, a Senior Synthesis capstone, and an Internship or Research Experience in
Conservation Biology, cover the breadth of student capacity to engage in and understand the biological,
social, political, and economic aspects of the biodiversity crisis.
The program prepares students for employment in a variety of government agencies, at the municipal
level (for example, as land use planner), state level (such as with the New York Department of
Environmental Conservation or NY Natural Heritage Program), federal level (such as with the U.S. Fish
and Wildlife Service, U.S. Geological Survey, U.S. Forest Service, or National Park Service), and
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occasionally at the international level (such as with the United Nations' Environmental Program). Many
private conservation agencies such as The Nature Conservancy preferentially hire broadly trained
conservation biologists. Ecological consulting firms are an increasingly important source of employment
for conservation biologists. Training in conservation biology also provides a strong basis for
postgraduate education and rewarding careers in research, teaching and environmental education.

Results of Prior Assessment
Formal learning outcomes were established in 2008, so this report represents the first formal assessment
cycle. However, in 2008 the Major engaged in an unstructured assessment involving faculty discussions
and received much feedback from students. Based on this feedback a few minor changes were initiated.
1. Dropped freshman seminar in conservation biology. At its inception the Conservation Biology
major had as a requirement a 1-hour freshman seminar intended to introduce new students to the
topic area and facilitate them establishing relationships with other students enrolled in the major.
After two years we determined that the seminar competed and was somewhat redundant with the
EFB-wide freshman seminar (EFB 132) that also was initiated at the same time and that our
enrollees were also required to take. Therefore we decided to drop the freshman seminar in
conservation biology as a requirement and to discontinue offering it, thereby also freeing up the
faculty member teaching the course to offer another advanced course suitable for many students
in the major.
2. Developed a more structured evaluation procedure for required internship/research
experience. The required internship/research experience allows outside practitioners to
objectively judge the professional capacities of our students. However, no formal procedure for
obtaining and comparing such information has existed. Now, field supervisors of all students
enrolled in credit-bearing internship or research experiences must complete a detailed evaluation
form.
3. Developed detailed grading rubrics for each exercise in the Problem-solving in Conservation
Biology course. The Problem-solving in Conservation Biology course is an integrative
experience based on a series of exercises that cover a wide-range of topics and focuses on skilldevelopment in many different areas relevant to conservation biology. After delivering this
course for five years we realized that a carefully structured assessment of student performance on
each of the subcomponents of every exercise could provide us with useful information on student
learning gains (as well as enhance student performance by clarifying learning expectations).
Therefore in 2006 we developed detailed grading rubrics for each exercise that we can now
summarize by student or by skill/knowledge area and thereby provide feedback about student
performance useful for adapting our teaching program to benefit students’ progress. These were
instituted in the Spring 2009 semester, giving us the ability to generate comparative assessment
data about student performance by skill and knowledge area at three-year intervals.
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Executive summary
The Conservation Biology major Assessment Plan was formulated in 2008. Assessment data were
acquired for 116 undergraduates enrolled in the major between 2009-2012. The assessment target was for
80% of students to meet or exceed the standard of a grade of C or better, for the criteria used to assess
each of six learning outcomes.
The distribution of student grades indicated that our targets were largely met. However, variance in the
proportional attainment of learning objectives differed among tools used to assess individual learning
objectives, suggesting that our current assessment protocol needs to be refined. Higher proportions of
students meeting or exceeding objectives occurred when using embedded questions or other test-derived
data than on metrics obtained from assignments, papers, or projects. We also learned that using final
grades as a metric, in particular, appears to have limited utility for assessing outcomes. We have
suggested several refinements for the next assessment period including a revised set of learning outcomes
and more focus on specific course elements (unit quizzes, specific laboratory exercises or assignments,
key questions strategically embedded in exams) rather than overall course grades. Next year we intend to
design an exit exam for Conservation Biology majors to more effectively evaluate the retention of
knowledge in key areas as well as the synthesis of knowledge from different programmatic areas. In
addition we have proposed a separate section of the EFB Freshman Orientation Seminar (EFB 132) for
incoming Conservation Biology majors (substantially revised from the earlier offering and focused more
on professional aspects of a career in conservation biology, pragmatic aspects of advancing through our
program in the years ahead, and conservation biology as a problem-solving discipline) in order to provide
an early introduction to the application of concepts to problems, an area that we perceived from our
assessment as needing improvement.
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2008 Assessment Plan
Table 5. Conservation Biology assessment plan, 2008 (J. Gibbs, R. Norton).
Learning Outcome
Where Addressed in the
How Assessed
Program
1. Articulate the goals of conservation
EFB120; EFB320;
Performance on (1) specific questions
biology, that is, to maintain biological
EFB413: Intro. Cons.
intended to measure learning outcome
diversity in all its expressions
Biol.; EFB414: Senior
that are embedded in exams internal to
Synthesis
Intro. Conservation Biology and (2)
EFB419: Problem-solving specific, relevant exercise modules
Cons. Biol.; Directed
within Problem-solving course
Electives (Applied
conservation biology;
Human dimensions)
2. Describe the concept of biodiversity and
its key component concepts of taxonomy,
ecology, genetics, geography, and
evolution

EFB101-104; EFB 202;
EFB307; EFB308;
EFB311; EFB320;
EFB413: Intro. Cons.
Biol.; EFB419: Problemsolving Cons. Biol.;
Directed Electives
(Organismal diversity;
Field experience elective)

Performance on (1) specific questions
intended to measure learning outcome
that are embedded in exams internal to
Intro. Conservation Biology and (2)
course-specific grades among the
“Organismal diversity” electives and
other relevant courses

3. Explain why biological diversity is
important, that is, nature’s intrinsic and
instrumental values

EFB413: Intro. Cons.
Biol.;
EFB419: Problem-solving
Cons. Biol.

Performance on (1) specific questions
intended to measure learning outcome
that are embedded in exams internal to
Intro. Conservation Biology and (2)
specific, relevant exercise modules
within Problem-solving course

4. Describe the threats to biological
diversity, that is, direct harvesting, habitat
destruction, and introduction of non-native
species, among others, and their
interactions

EFB120; EFB 202;
EFB413: Intro. Cons.
Biol.; EFB419: Problemsolving Cons. Biol.;
Directed Electives
(Organismal diversity
Applied conservation
biology; Field experience
elective)

Performance on (1) specific questions
intended to measure learning outcome
that are embedded in exams internal to
Intro. Conservation Biology and (2)
specific, relevant exercise modules
within Problem-solving course

5. Specify context- appropriate actions
needed to protect and restore biological
diversity, that is, endangered species
recovery, designating ecological reserves,
ecosystem restoration, captive breeding,
population management, invasive species
management, interfacing with in the
policy-making process, educating others,
and combinations thereof.

Directed Electives
(Organismal diversity;
Applied conservation
biology; Human
dimensions)

(1) specific, relevant exercise modules
within Problem-solving course

6. Be effective as a conservation biology

EFB 202; EFB414:

Assessment of performance in
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professional by having mastered basic
competencies: natural history broadly
speaking, field methods, quantitative
assessment and data analysis, taxonomic
expertise in at least one major group of
organisms, written and oral communication
in technical-, popular- and policy-specific
genres, familiarity with relevant policy,
law and government at local, regional,
national and international levels, ability to
critique of evidence/research
products/proposals/work plans/budgets,
and awareness of issues of professional
conduct and ethics.

Senior synthesis;
EFB419: Problem-solving
Cons. Biol.; EFB420/498:
Internship or Research
Experience; Directed
Electives (Human
dimensions;
Communications;
Technical skills; Field
experience elective);
APM 105; APM391

professional capacity during (1)
Internships/Research experience and (2)
capstone project for Senior synthesis

Conservation Biology Core
The degree program prepares students for careers with state and federal agencies, as well as an array of
domestic and international non-profit and non-governmental organizations, or for continuing on for a
graduate degree. Students obtain a background in the basic sciences (math, chemistry, biology), and then
learn the basic ecological principles and evolutionary forces that affect organisms and the ecosystems on
which they depend. Specialized coursework, namely the conservation biology core sequence (described
below), focuses on specific issues, approaches, and techniques fundamental to the practice to conservation
biology. Students gain specialization in taxonomically focused biodiversity, solutions and approaches to
problems in conservation biology, conservation biology and societal issues, the development of tools
(e.g., molecular techniques, captive propagation techniques, GIS, quantitative analysis) necessary for
success as practicing conservation biologists, and the ability to communicate as a professional, through
directed elective choices (described below). Conservation biology is broad and diverse and we have
designed our curriculum to encompass many potential career paths in the field by keeping the program
flexible. In addition, we believe in the importance of acquiring skills that translate to the real word and
incorporate the requirement of an additional field-based course (beyond the core EFB-202), as well as
either an in-house research based experience or an internship with an outside agency or entity related to
conservation biology.

The following is a description of the core conservation biology sequence and a description of the
interrelationship among the courses.
EFB 413 Introduction to Conservation Biology (3)
Three hours of lecture and discussion per week. As an introduction to the discipline of conservation
biology, the course seeks to demonstrate how basic biological science can be integrated with social,
economic and political perspectives to achieve the goals of biological conservation. Lectures provide
students with an understanding of processes that generate and erode biological diversity. Discussion
exercises will provide students with handson experience and skill development in solving the sorts of
complex problems typically encountered by conservation biologists. Spring. Pre or corequisite(s): EFB
307, EFB 320.
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In this course, students learn about the breadth of issues in conservation. Beginning with defining and
measurement of biodiversity, students are then exposed to ideas about the intrinsic and extrinsic value of
biodiversity. The second part of the course focuses on the threats to biodiversity while the third
addresses ways to conserve species and their habitats. This course introduces the major concepts built
upon by the subsequent core courses as well as many of the directed electives.
EFB 419 Problemsolving in Conservation Biology (3)
Two hours of lecture/ three hours of laboratory per week. ”Handson” experience in problem-solving,
using methods and concepts related to a wide range of biodiversity conservation issues. Includes
management of genetic diversity, analysis and modeling of populations, ecosystem management, and the
public policy process, and of methods of information management, analysis and communication used by
conservation professionals. Spring.
Prerequisite: EFB 413 or equivalent; major in Conservation Biology or permission of instructor.
In this course, students are challenged with discrete problems in conservation biology – from maintaining
genetic diversity for an endangered species to genetic frequencies in threatened species, to protected area
management, using case studies, often of local importance, guided exercises, and issues in the
contemporary peer-reviewed literature. Through this course, students learn to gather, interpret, and use
scientific evidence in support of management decisions and to communicate their investigations
effectively. The course is designed as an individual student-focused skill-building course that serves as
a bridge between EFB 413, which emphasizes concepts of biodiversity conservation, and EFB 414, which
emphasizes group work on solving “real world” problems.
EFB 414 Senior Synthesis in Conservation Biology (3)
Three hours of group work/discussion/seminar per week. Students together research a single topic in
conservation biology, then practice critical thinking and discourse by presenting seminars and
participating in discussions. The focus is on integrating knowledge from previous coursework in biology,
management and policy for the wise use and conservation of biological diversity. Spring. Pre or
corequisite: EFB 413.
In this capstone course, students focus on a particular problem or issue and address it through the
integration of the skill set developed through the conservation biology program. Developing solutions to
these problems or issues sharpen critical thinking skills and analytical abilities in complex management
situations when there are multiple and potentially conflicting objectives and imperfect knowledge. For
example, in 2015 students have been developing a conservation management plant for a property and
future field station recently acquired by ESF in Costa Rica.

Conservation Biology Directed Electives
Directed electives enable students to customize their educational experience. Our logic for these elective
areas of study follows.
(a) Field Experience
We require an upper-division, structured field experience enabling students to translate classroom-based
learning to field application in terms of animal and plant identification, scientific surveys, and
communication of field-based enquiry. This experience may take the form of field courses, either through
ESF or other accredited institutions; field-based independent research projects; or field-based professional
internships as long as the experiences have a significant field component (> 50% of the class) and deliver
what would be learned in a typical field biology course. While we require a field-intensive course early
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in their careers (EFB 202), the field elective is intended to give the students broader skills in applying
their knowledge and learning from direct field experience.
(b) Biodiversity Specialization
Because conservation biology encompasses all of Earth’s biota, it is critical that students develop broad
understanding of diversity. We also recognize that many agencies are more narrowly focused on
conserving specific taxa and greatly value natural history and taxonomic skills in prospective employees.
As such we allow the students flexibility to specialize in particular groups or develop a broader
background in diversity, depending on their interests. Regardless of whether students wish to develop
focused or broad specializations in biodiversity, they are required to take at least 9 credits of upperdivision organismal diversity courses.
(c) Applied Conservation Biology
The complexities of conducting conservation biology in the modern world require sound knowledge of
management practices and a working understanding of the complexities of ecosystem function.
Students are required to take at least 6 credits of applied conservation biology coursework, that is, of any
advanced course with a theme that significantly addresses issues faced by conservation biologists (courses
are approved thorough consultation with academic advisor).
(d) Human Dimensions
An understanding of laws, policy, and administration as well as other social constructs are necessary for
every practicing conservation biologist. Application of scientific knowledge to biodiversity conservation
in the larger arena of human affairs requires an understanding of the policy / political context within
which decisions are made.
(e) Communications and Interpretation
Conservation biology cannot be practiced without incorporating broader societal concerns. Thus, the
ability to communicate, whether informally to the general public or to other professionals, is a critical
skill.
(f) Technical Skills
This section provides opportunities for students to develop specialized skill sets relative to their particular
interests, preparing them for the diverse skill sets required in conservation biology – from molecular
biology techniques to captive propagation techniques to geospatial information technologies. Many
employers strongly indicate that practical skills are critical in addition to general knowledge in
prospective employees; hence this requirement for skill-building as it related to biodiversity conservation.
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Assessment Results
Learning Outcome 1: Articulate the goals of conservation biology, that is, to maintain
biological diversity in all its expressions.
Where addressed in the Conservation Biology curriculum
EFB 120 - Global Environment
EFB 320 - General Chemistry
EFB 413 - Intro. Cons. Biol.
EFB 414 - Senior Synthesis
EFB 419 - Problem-solving Cons. Biol.
Directed Electives (Applied conservation biology; Human dimensions)

How assessed
A. Distribution of student grades on embedded exam questions in EFB413 (Intro. Conservation Biology)
B. Distribution of student grades on relevant exercise modules in EFB419 (Problem Solving in
Conservation Biology)

Assessment Results
A. Student performance on targeted EFB413 exam questions
Distribution of student grades on embedded exam questions in EFB413. Target: 80% of
students (n=116) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
18%

42%

33%

7%

B. Student performance on EFB419 exercise modules
Distribution of student grades on relevant exercise modules in EFB419.
students (n=117) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8

Does Not Meet
Standard
<0.5

16%

26%

40%

17%

Target: 80% of

Discussion
Only 60% and 56% of students met expectations for these two measures, respectively. We have renewed
focus in Introduction to Conservation Biology to emphasize the goals and objectives of the discipline of
conservation biology.
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Learning Outcome 2: Describe the concept of biodiversity and its key component concepts of
taxonomy, ecology, genetics, geography, and evolution
Where addressed in Conservation Biology curriculum
EFB 101-104 – General Biology
EFB 202 – Ecological Monitoring and Biodiversity Assessment
EFB 210-211 – Diversity of Life I & II
EFB 307 /308 – Genetics with Laboratory
EFB 311 - Evolution
EFB 320 – General Ecology
EFB 413: Intro. Cons. Biol.
EFB 419: Problem-solving Cons. Biol.
Directed Electives (Organismal diversity; Field experience elective)

How assessed
A. Distribution of student grades on embedded exam questions in EFB 413 (Introduction to Conservation
Biology).
B. Distribution of averaged student final grades in organismal diversity elective courses.
Assessment Results
A Embedded exam questions in EFB 413
Distribution of student grades on embedded EFB 413 exam questions. Target: 80% of
students (n= 123) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
13%

48%

35%

4%

B. Final grades in organismal diversity courses
Average grade distribution of Conservation Biology students on Organismal Diversity
electives. Target: 80% of students (n=125) will meet or exceed expectations (≥ 1.8 on 0-4
scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
23%

38%

18%

20%

Discussion
Overall this standard was not met. Based on the assessment metric above, a greater emphasis is being
placed on defining biodiversity in both EFB 413 and EFB 419, particularly its genetic and evolutionary
basis. We recognized that the utility of averaging conservation biology grades across a disparate set of
directed electives is an imprecise instrument for gauging student learning and that overall course grades
mask knowledge of key taxonomic groups. We believe that this is an area that would be better addressed
in an exit exam for seniors, which we discuss in the “Changes to Assessment Section”.
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Learning Outcome 3: Explain why biological diversity is important, that is, nature’s intrinsic
and instrumental values.
Where addressed in Conservation Biology curriculum
EFB413: Intro. Cons. Biol.
EFB419: Problem Solving

How assessed
A. Distribution of student grades on embedded exam questions in EFB 413 (Intro. Conservation Biology).
B. Distribution of student grades on relevant exercise modules in EFB 419 (Problems Solving in
Conservation Biology)

Assessment Results

A. EFB413 exam questions
Distribution of student grades in embedded EFB 413 exam questions. Target: 80% of
students (n=116) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
10%

50%

37%

3%

B. EFB 419 modules
Distribution of student grades in relevant EFB 419 exercises modules. Target: 80% of
students (n=117) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
20%

41%

17%

22%

Discussion
This standard was not met. To address deficits in student learning as indicated by these metrics, we are
now increasing emphasis on the definition of the diverse values of biodiversity in both EFB 413 and EFB
419. Concomitant with this shift, we are also designing more accurate and precise metrics for deployment
in field tests for incoming freshmen and departing seniors given concerns that analysis of final grades
does not adequately reflect the state of student learning. More specifically, we will incorporate specific
questions regarding this learning objective into an exit exam so that we have an additional tool for
independently assessing student learning and retention. Furthermore, we feel that this component needs
to receive greater emphasis in all of our core and elective diversity courses, so that the core conservation
courses are reinforcing and expanding the idea instead of introducing the concept.
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Learning Outcome 4: Describe the threats to biological diversity, that is, direct harvesting,
habitat destruction, and introduction of non-native species, among others, and their
interactions.
Where addressed in Conservation Biology curriculum
EFB 120 – Global Environment
EFB 202 – Ecological Monitoring and Biodiversity Assessment
EFB 413 - Intro. Cons. Biol.
EFB 419 -Problem-solving Cons. Biol.
Directed Electives (Organismal diversity Applied conservation biology; Field experience elective)

How assessed
(A) Distribution of student grades on embedded exam questions in EFB413 (Intro. Conservation
Biology).
(B) Distribution of student grades on relevant exercise modules in EFB419 (Problems Solving in
Conservation Biology).

Assessment Results
A. EFB 413 exam questions
Distribution of student grades on embedded EFB 413 exam questions. Target: 80% of
students (n=116) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
5%

51%

41%

3%

B. EFB 419 modules
Distribution of student grades on relevant EFB 419 exercise modules. Target: 80% of
students (n=117) will meet or exceed expectations (≥ 1.8 on 0-4 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
18%

34%

22%

26%

Discussion.
Forty-eight percent of students did not meet this standard. To address deficits in student learning
regarding threats to biodiversity as indicated by these metrics, we have added a new module to EFB 419
and cover in more detail threats in EFB 413, while also awaiting insights from more accurate and precise
metrics we are developing for field tests to be administered to incoming freshmen and departing seniors.
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Learning Outcome 5: Specify context-appropriate actions needed to protect and restore
biological diversity, that is, endangered species recovery, designating ecological reserves,
ecosystem restoration, captive breeding, population management, invasive species
management, interfacing with in the policy-making process, educating others, and
combinations.

Where addressed in Conservation Biology curriculum
Directed Electives: (Organismal Diversity; Applied Conservation Biology; Human Dimensions)

How assessed
(A) Distribution of student grades on relevant exercise modules in EFB419 (Problem Solving in
Conservation Biology)

Assessment Results
A. Distribution of student grades in relevant EFB 419 modules
Distribution of student grades on relevant EFB 419 exercise modules. Target: 80% of
students (n=125) will meet or exceed expectations (≥ 1.8 on 0-5 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
9%

41%

47%

2%

Discussion
Forty-nine percent of students did not meet this standard. Because several modules in EFB 419 address
the context-appropriate management actions we are increasing emphasis on these modules to boost
student learning as well as awaiting insights from more accurate and precise metrics we are developing
for field tests to be administered to incoming freshmen and departing seniors.
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Learning Outcome 6: Be effective as a conservation biology professional by having mastered
basic competencies: natural history broadly speaking, field methods, quantitative assessment
and data analysis, taxonomic expertise in at least one major group of organisms, written and
oral communication in technical-, popular- and policy-specific genres, familiarity with
relevant policy, law and government at local, regional, national and international levels,
ability to critique of evidence/research products/proposals/work plans/budgets, and awareness
of issues of professional conduct and ethics.
Where addressed in Conservation Biology curriculum
EFB 202 – Ecological Monitoring and Biodiversity Assessment
EFB 414: Senior Synthesis
EFB 419: Problem-solving Cons. Biol.
EFB 420/498: Internship or Research Experience
Directed Electives (Human Dimensions; Communications; Technical Skills; Field Experience elective
APM 105, APM 391)

How assessed
(A) Distribution of performance assessments by supervisor for student Internships/Research experiences
(B) Distribution of grades on capstone project for EFB 414 (Senior Synthesis).

Assessment Results
A. Internship/Research assessment
Distribution of performance assessments for student internships/research. Target: 80% of
students (n=125) will meet or exceed expectations (≥ 1.8 on 0-5 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
19%

41%

21%

19%

B. Capstone project
Distribution of grades on EFB414 capstone project. Target: 80% of students (n=125) will
meet or exceed expectations (≥ 1.8 on 0-5 scale).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
> 3.3
1.8-3.3
0.5-1.8
<0.5
11%

49%

37%

3%

Discussion
Forty percent of students did not meet this standard. We now recognize this metric is overly complex and
too vague to reliably indicate student learning gains on this multi-faceted topic. For this reason we have
added more role-playing exercises to EFB 419, specifically to create an opportunity for students to learn
to excel at communication. The Senior Synthesis also now more emphasizes this learning area. We will
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develop more useful metrics for the field tests to be administered to incoming freshmen and departing
seniors that specifically measure natural history and taxonomic expertise, written and oral
communication, legal, policy and administrative aspects of conservation biology, and professional ethics
and conduct. All these themes are currently embedded in existing classes yet need to be better
emphasized and elevated. Field test outcomes will guide specifically which aspects most need to be
addressed through curriculum revision.
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Assessment Conclusions and Recommendations
A large proportion of Conservation Biology students did not meet the metrics that we established in the
2008 assessment plan. We have identified some concerns, both with the currently used assessment
instrument itself as well and with elements of the major and the attainment of our learning objectives.
Unlike most of the focused majors in our department, which are delivered by a core set of faculty, the
Conservation Biology major, outside of two of the three core courses, has traditionally been a product of a
large group of faculty encompassing a diverse background in the discipline. We recognize that while
there is some strength to this (exposure to different areas of conservation and organismal expertise,
different philosophies), it also creates some difficulty in developing a cohesive assessment tool. It may
also create some dissonance in students who are exposed to a huge array of values and perspectives of a
multi-disciplinary major and mix of faculty needed to deliver it versus a streamlined and highly focused
major. This is especially true for some of the learning objectives covered under Directed Electives where
students get disparate instruction depending on their course selection. Clearly there is value in
coordinating content and course emphases with other faculty engaged in teaching courses typically taken
by undergrads in the major to improve student command of conservation biology principles.
Eight faculty members with conservation biology interests and teaching portfolios in the field met early in
2015 and discussed the strengths and weaknesses of the program in its current form, and ways in which
we could develop a more cohesive program with better student outcomes. One identified weakness
includes too much overlap between the problem solving and senior synthesis courses. Another perceived
weakness has been continued turnover of instructors in the Senior Synthesis capstone course (a product of
budgetary constraint and fiscal hardship in the SUNY system). This has led to different emphasis on core
elements of conservation and a lack of cohesion with other core courses.
There was general consensus on the need to develop an introductory seminar in conservation biology for
freshman. Therefore, beginning in autumn 2015, a separate section of the EFB Freshman Seminar
(EFB132) will be offered for students who identify with the Conservation Biology major upon their
matriculation.: This would provide an early introduction to some of the core learning objectives in the
major, allowing for more reiteration and expansion of the ideas as the student progresses through the
program. It would also help build identify within the major, and emphasize early professional
expectations and the mechanics and skills needed to successfully navigate through the major and
ultimately secure a professional opportunity in the field.
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Proposed Changes to Assessment Plan
We have identified a number of weaknesses with both the assessment plan and in the attainment of some
learning objectives. We are proposing changes to the way that we assess the program as well as changes
to the presentation of material critical to the learning objectives.
We have identified disconnect between the material being presented in some of the lower division core
courses and electives and what we would like our students to know. Communication between faculty
delivering those courses and faculty responsible for the core Conservation Biology courses needs to
increase so that the higher courses function to reinforce concepts from courses such as the Diversity of
Life I and II (EFB210-211). Content overlap between courses needs to be addressed so that repetition is
minimized. For example, EFB-504 (Ecology and Management of Invasive Species) covers some of the
demographic components of EFB-413 (Intro to Con. Bio) but does not move beyond what has already
been done. Better faculty coordination will allow more synergy between the core courses and the related
electives.
We have identified clear limitations to the assessment protocol itself. For several of the learning
objectives, one set of metrics suggests students are meeting or exceeding criteria, while a second metric
suggests that the majority is not. This suggests that the tools used are inadequate. Given the size of the
major and the educational “stakes” of the present, largely inadequate assessment procedure (based heavily
on final grades) the core conservation biology faculty recently agreed to embark on a “field test” style
assessment procedure that would be deployed both with departing seniors and incoming freshman to
measure learning achievement. Deploying the test with these two groups will enable measuring learning
gains as students progress through the major, monitoring changes in student achievement over time, and
identifying more clearly areas of adequacy and deficiency for targeting improvements in teaching and
mentoring. This is not feasible at present with the flawed assessment tool being used that is based heavily
on final course grades.
For these reasons we will invest heavily in the next year to develop an ETS-style “Major Field Test”
designed to comprehensively measure the critical knowledge and understanding factual knowledge as
well as student ability to analyze and solve problems, understand relationships and interpret material from
the field of conservation biology. The intent is to prepare students to succeed by using test results to
improve curricula, help ensure students have mastered their field of study, and free up time to focus on
other aspects of program such as cohort building (please note there are just two faculty hired specifically
to conservation biology positions devoted to delivering this, the largest of all majors in EFB).
We propose to develop a series of carefully constructed and machine-graded questions for deployment
every year during the soon-to-be re-established freshman seminar in conservation biology as well as in
the senior synthesis class. Each participating faculty member will be assigned 1-2 learning areas to
develop a series of questions (and alternatives) to probe student knowledge and skills in that area.
Notably we will structure the field test explicitly around the “Principles of Conservation Biology:
Recommended Guidelines for Conservation Literacy from the Education Committee of the Society for
Conservation Biology” (Trumbulak et al. published in Conservation Biology¸ 18(5):1180-1190, 2004),
which represents a consensus view among conservation professionals about what students who seek to
enter the field as professionals should know. The larger structure also underpins our major already (it was
designed explicitly around learning objectives developed by the professional parent society, that is, the
Society for Conservation Biology). We believe this approach will be far more efficient as well as incisive
and greatly expand our ability to adaptively manage this largest of EFB majors to deliver improved
learning gains among students. The field test, approximately 100 questions with question variants
developed and chosen at random for deployment during any given testing session, will be built around the
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following conceptual structure originally developed by members of the Society for Conservation Biology.
Doing so ensures we are training students consistent with the expectations of the wider profession itself.

I: Goals of conservation biology

A) Biological diversity:
(1) There is an immense and often unmeasured variety of living organisms on Earth.
(2) The diversity of nature can be measured in a variety of ways, including absolute numbers, relative abundance,
and ecological distinctiveness.
(3) Biological diversity is threatened with extinction when one of two related patterns is observed: when an
element is rare or when it is in decline.
(4) Biological diversity, even under conditions not altered by human actions, is not fixed over time but is
influenced by both ecological and evolutionary processes.
(5) Changes in biological diversity that are more rapid or more extensive than changes that would occur without
the impacts of human actions are likely to negatively affect ecological integrity and ecological health.
(6) All aspects of biological diversity potentially play a role in maintaining ecological health and, therefore, are
considered of value in conservation biology.
(B) Ecological integrity
(1) The integrity of an ecological system (e.g., population, ecosystem) can be measured in a variety of ways,
including measures of its structure (what a system looks like in space and time), function (the relationships
between components), and composition (what the component parts of the system are) relative to that of the
system were it unaltered by human actions.
(2) Protecting and restoring the ecological integrity of an ecological system require conservation across all levels of
the biological hierarchy and across all ecological aspects of structure, function, and composition.
(C) Ecological health
(1) Ecological health is evaluated through a combination of measures, none of which alone is an index of health.
Pertinent variables include productivity (a system’s ability to produce more biomass), complexity (the number
of elements in the system, the number of connections among those elements, the strength of interactions
among the elements), and resiliency (the ability of the system to return to a particular state following
perturbation) and are assessed relative to that of the system were it unaltered by human actions.
(2) Ecological health focuses on the processes underlying the observable patterns of biological diversity and
ecological integrity.

II: Concept of biodiversity

(A) Taxonomic hierarchy: All organisms are related to each other to a greater or lesser degree, and the pattern of
relationship can be described as a hierarchy of related groups.
(1) Organisms can be grouped by degree of evolutionary relatedness to one another.
(2) There is a hierarchy in the organization of these groups by relatedness, from evolutionarily significant or
distinct units to species, and on up to higher levels of taxonomic organization (e.g., genus, family, order).
(B) Ecological hierarchy: The components of nature are grouped together in sets of nested and interacting levels of
organization, ranging from very small (genes) to very large (ecosystems and landscapes).
(1) There is a hierarchy in the organization of life (ecological hierarchy) from genes, subpopulations (demes),
populations, metapopulations, communities, ecosystems, and landscapes.
(2) An element of one hierarchical level can have an influence on levels both above and below it.
(C) Genetic diversity: The information for making an organism is coded in an individual’s genes. Genetic information
varies from one individual to another, making all individuals potential sources of important information.
(1) The biological basis for many of the characteristics that make up an individual organism is determined by
information coded in the individual’s DNA.
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(2) The exact information coded in the genetic material may differ from one individual to another and from one
group of individuals to another.
(3) The differences among individuals and groups in the exact information coded in the DNA are what is called
genetic diversity.
(4) Genetic diversity may reflect different selective forces operating on populations in different environments and
therefore represents an important mechanism whereby species can respond to environmental change.
(5) Genetic diversity can be reduced through the operation of chance events associated with the survival and
reproduction of individuals in nature. Such chance events have a much greater probability of reducing genetic
diversity when the number of individuals in a population is small (i.e., random genetic drift).
(6) Genetic diversity within species is influenced by gene flow among populations, which results from the
movement of individuals and, in some species, the long-distance transfer of reproductive cells (gametes) such
as pollen. Movement among subpopulations inhibits the fixation of alleles, which can alternatively be viewed as
maintenance of diversity (no alleles are lost) or homogenization (subpopulations do not become genetically
different).
(D) The species concept: The basic unit of organization for organisms is the species; however, there is substantial variation
within species, making their subgroups evolutionarily distinct.
(1) There is a variety of definitions for species, but from the perspective of conservation, a species is considered a
group of organisms that can actually or potentially interbreed with one another or a group of organisms that
share common traits and common descent.
(2) Species are not uniform, homogenous entities. They may contain diverse groups, each of which represents a
unique set of genetic information and a unique evolutionary trend.
(3) Species are not unchanging over time; rather, they evolve in response to the forces of selection, gene flow, and
chance.
(4) The classification of an individual organism into a particular species may change over time, reflecting our
developing understanding of evolutionary and ecological relationships.
(E) Population growth: Populations tend to grow exponentially until limited by something in the environment. Small
populations are more at risk of extinction and loss of genetic information than are large populations.
(1) The size of a population depends on the tradeoff between the tendency of a population to grow exponentially
and the limitations imposed by biotic factors (e.g., density dependence, predation) and abiotic factors (e.g.,
climate) in the environment.
(2) The patterns of growth shown by populations when they are near the limit imposed on them by environmental
factors may include a smooth approach to some intrinsic limit, oscillation around a limit, or population crash.
Which pattern a population shows is influenced by several factors, especially the rate of recovery of food
supplies and the behavioral and demographic responses of predators.
(3) The size of a population is, in general, inversely related to the probability of inbreeding, the loss of genetic
information due to chance events associated with survival and reproduction, and susceptibility to extinction.
Therefore, small populations are, in general, at greater risk of extinction than large populations.
(4) Metapopulations can occur when partly isolated subpopulations are connected by occasional dispersal of
individuals from one subpopulation to another. Metapopulations can lead to a reduction in the risk of
extinction of any of its component subpopulations.
(F) Species distributions: Different species are distributed in different patterns over the Earth based on their individual
histories and biological characteristics. These patterns can change over time in response to changing conditions and
human actions.
(1) Each species has a distribution determined by evolutionary history, environmental factors (e.g., temperature,
soil, rainfall), and historical events (e.g., colonization, extinction).
(2) The presence of any species in a given location is subject to change if the factors change that make the location
suitable for the species.
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(3) Distributions of many species have been affected by humans, both directly (through their local extirpation or
transportation and release) and indirectly (through human alterations of habitats that make the movement or
persistence of species more or less likely).
(4) Species with high local abundance also tend to have large geographic distributions, which can reduce the
chance of extinction.
(G) Communities and ecosystems: Communities and ecosystems are collections of individuals representing several to
many species interacting with one another in a particular area and with nonliving components of nature that are
necessary for life.
(1) The definition of a community or ecosystem depends on the context in which it is considered. For example, a
community can be defined as the microfauna in the litter layer of a forest or as all the organisms in that forest.
(2) The composition of a community or ecosystem depends on the population growth processes of its constituent
populations and on interactions among species (e.g., symbiosis, competition, herbivory, parasitism, and
predation).
(3) Community or ecosystem composition may change as a result of the responses by its constituent species to
changes in environmental conditions. Thus, their composition is not static but shifts over time.
(4) Which species are potential members of a community or ecosystem will depend on the regional pool of species
from which they can be drawn and on each species’ dispersal and competitive abilities.
(5) The boundaries between communities or ecosystems may be relatively clear, such as between terrestrial and
aquatic ecosystems, or they may be fuzzy. In no case is the division complete because there will always be
interactions between species predominantly found in one community with those predominantly found in
another.
(H) Stochasticity: Stochasticity refers to the operation of chance in nature from one time period to another—for example,
the chance that an individual will survive, the chance of having one offspring or two, or the chance of experiencing a bad

growing season.
(1) Natural systems are constantly changing and are unpredictable over long periods. This applies equally to
populations, communities, and ecosystems. The confidence in predictions about the future condition of natural
systems decreases as the length of time over which the predictions are made increases.
(2) Stochastic changes caused by humans are a distinct phenomenon superimposed on natural stochasticity.

(I) Extinction: Extinction refers to the termination of an evolutionary line. It can occur as a result of both human and
nonhuman causes; however, the rate of extinction due to human action today is far greater than the rate generally seen in
the fossil record before humans.
(1) Extinction is the long-term expectation for all populations— 99.9% or more of all species that have ever
existed have gone extinct.
(2) Lineages of a lesser rank than species (e.g., subspecies, stocks) go extinct more frequently than species, which
contributes to the erosion of biological diversity.
(3) Extinction independent of the actions of humans results from stochastic events operating over long periods.
(4) Rates of extinction can vary over time. At infrequent times during Earth’s history, extinction rates have been
high relative to lower background rates. Some of these periods of high extinction rates—termed mass
extinctions—were associated with extreme geological events, but the causes of others are unknown.
(5) Rates of extinction caused by human action are greatly elevated over background rates and are thought to be
comparable to or greater than rates during mass extinctions.
(6) A given number of species can be maintained in a system if the extinction rate equals the speciation rate over
evolutionary time but will decline if species lost to extinction outnumber those gained through speciation (as is
the case with mass extinctions and human-induced extinctions currently taking place).

III: Importance of biodiversity

(A) Value systems and perceptions of nature: Value systems determine how we view nature, and these systems may vary
both within and among cultures.
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(1) Human value systems determine how we view nature, including how we judge the value of individual aspects of
nature, human effects on the environment, and changes to biological diversity, ecological integrity, and
ecological health.
(2) There exists a range of human value systems regarding nature, from the view that everything in nature has its
own absolute right to exist to the view that nature exists solely for use by humans, with many shades in
between.
(3) A diversity of value systems exists both among human cultures (in that some cultures traditionally place a
greater emphasis on one set of values than on others) and within human cultures (in that different people
within a single culture may value nature in different ways).
(4) Efforts to achieve conservation must be carried out with an awareness and understanding of these different
values systems both among and within cultures.
(B) Intrinsic values of nature: Intrinsic values are those values of nature itself, independent of any usefulness to humans.
(1) Humans may value nature and natural entities (e.g., individual animals or plants, ecosystems, mountains) owing
to their intrinsic value. Attribution of intrinsic value is independent of any use value the entity has.
(2) Destroying or interfering with entities that have intrinsic value may, in some views, be considered morally
acceptable only to satisfy vital needs.
(C) Instrumental values of nature: Instrumental values are based on usefulness to humans, commonly measured in terms
of economic or service value.
(1) Some instrumental values can be measured in economic terms, such that a monetary value can be placed on a
component or function of nature.
(2) Instrumental values can be held even when it is not possible to assign an unambiguous market value if a
component or function of nature has a recognized use or serves a function for society. Such values include the
ecological services provided by nature, including maintenance of soil fertility and climate control.
(D) Psychological values of nature: Psychological values are those that contribute to the psychological (emotional,
spiritual, aesthetic) well-being of humans.
(1) Psychological values can be derived from an identification with and caring for ecological systems, which may
expand a sense of self and increase the sense that one has realized his or her full potential.
(2) Psychological values can be derived both from a direct experience with nature and indirectly from the
knowledge that nature exists even if aspects of it are not experienced directly.

IV: Threats to biodiversity

(A) Ecological economics: Recent developments in ecological economics correct past misconceptions in neoclassical
economic theory, which have contributed to the loss of biological diversity, the degradation of ecological integrity, and
the decline of ecological health.
(1) Human activity is a subset of natural processes, not vice versa.
(2) Human economic activity encompasses services provided by natural ecosystems, yet not all of nature is
available to be used as a resource for human economic activity.
(3) Economic and physical constraints limit human economic activity and population growth, and not all of these
constraints can be surmounted through technology.
(B) Impacts of human colonization in ancient times: Human societies have a long history of causing extinctions and
major changes in ecosystems.
(1) In the prehistoric and historic past, arrival of humans to new areas led to extinctions of other species and largescale changes in natural communities.
(2) Humans have caused extinctions and changes in natural communities in a variety of ways, including the
cumulative impacts of direct exploitation for food, modification of natural vegetation, and introduction of
exotic species.
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(3) Human-caused changes in natural communities may be so pervasive yet poorly documented that contemporary
human cultures may not be widely aware of how the biological conditions observed in the present have been
altered by human actions in the past.
(4) Some human cultures may have developed a level of ecological knowledge or practice that supported the
protection and restoration of biological diversity, ecological integrity, and ecological health.
(C) Contemporary human impacts: Humans can affect species and ecosystems through the frequency and intensity of
their actions as well as the area over which the actions are practiced. Varying these actions can modify their impact on
nature.
(1) Ecosystems differ from one another in how they are affected by a given type and magnitude of human impact.
These differences are based, at least in part, on their own characteristics, such as rate of productivity.
(2) As human activity changes an ecosystem, the altered system may be more susceptible to subsequent changes.
That is, the system will lose resiliency.
(3) All contemporary human impacts are amplified exponentially by the current growth rate of the human
population; more people live now than ever before and the population is almost certainly committed to an
increase over the next 50 years.
(D) Patterns of extinction: Species are currently going extinct at a rate never before seen in human history and seen in
the fossil record only during infrequent times of mass extinction.
(1) The pattern of extinctions among species we observe today is unprecedented in human history. These
extinctions erode biological diversity, ecological integrity, and ecological health with long–term consequences.
(2) Currently, the extinction rate is exceeding the speciation rate. Thus, species are currently going extinct at a rate
such that they cannot be replaced by evolution for millions of years.
(E) Proximate causes of extinction: Humans bring about extinction through four primary actions: habitat destruction,
habitat modification, overexploitation (such as through overhunting and overharvesting), and the introduction of nonnative species.
(1) The effects of human activities on a species’ extinction risk are influenced by the magnitude of the activities in
both space and time.
(2) Different species and groups of species may go extinct or be threatened with extinction as a result of a
combination of different human activities.
(3) Different species and groups of species may be more susceptible to extinction from one type of human activity
than another.
(4) Human activity might alter species’ interactions, leading to extinctions of multiple species in a system (e.g.,
trophic cascades).
(F) Global climate change: The Earth is currently experiencing an increase in average temperature caused by human
addition of greenhouse gases into the atmosphere. This change in temperature will have severe consequences for life on
Earth through rapid changes in climate, geographic range, and ecological processes, increasing the risk of extinction.
(1) Fossil fuel use during the past century has resulted in an increase in greenhouse gases, particularly carbon
dioxide, in the atmosphere. The increased presence of these greenhouse gases in the environment has already
resulted in an increase in the global average temperature over the last century that is greater than that of any
century in the past 1000 years.
(2) Uptake of carbon by plants offers only a temporary solution because most of this carbon will be released back
into the atmosphere during decomposition; current conditions on Earth do not permit accumulation of new
fossil fuel deposits.
(3) The effects of continued increases in greenhouse gas concentrations will inevitably continue to affect climate for
centuries, resulting in regional and seasonal changes in temperature and precipitation. Even assuming no
further additions of greenhouse gas to the atmosphere, our climate will continue to change as a result of the
additions already made.
(4) Regional and seasonal changes in climate will have many effects on species, including changes in geographic
distributions, risk of extinction, community composition, and ecosystem function.
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(5) It is not possible to halt completely the effects of these inevitable changes in climate on species. It may be
possible, however, to reduce the magnitude of the effects by changing human resource consumption behaviors
and land-use policies.
(G) Cascading effects: The extinction of one species can cause the unpredictable extinction of other species as a result of
their interactions in nature; these subsequent extinctions can in turn affect other species, causing a ripple effect
throughout an ecosystem.
(1) The degradation of biological diversity, ecological integrity, and ecological health at one level of biological
organization may have subsequent impacts on biological diversity, ecological integrity, and ecological health at
other levels.
(2) Extinction or habitat degradation may in turn cause additional impacts, leading to a series of changes cascading
through an ecosystem.
(3) The ways in which cascading effects will occur are difficult, if not impossible, to predict in advance of their
occurrence, but their effects can be large and long lasting.
(H) Historical condition of ecosystems: The present-day condition of most ecosystems is dramatically different from that
of the past because of the actions of humans.
(1) The actions of historical and current human societies have resulted in dramatic modifications of most presentday terrestrial and aquatic ecosystems.
(2) Humans as individuals and societies have made value-based choices about how much the condition of an
ecosystem can or should be modified, and these choices have determined and continue to determine the
condition and composition of the natural world.
(I) Changing standards: People’s ideas about what constitutes the normal condition of nature are strongly influenced by
what they have experienced in their own lifetime, regardless of whether those conditions were already altered by humans
in the past.
(1) As biological diversity, ecological integrity, and ecological health decline, each generation views the new lower
level as “normal,” and this affects value judgments that people make about the natural world and therefore
affects the land-use decisions they make.
(2) As people’s firsthand exposure to natural systems declines, as a result of cultural changes and lack of
accessibility, their perceptions of “normal” conditions of nature change.

V: Appropriate actions

(A) Endangered species protection: Species at risk of extinction require protection from exploitation and loss of habitat.
(1) Single-species protection activities focus on identifying the factors that led to the decline in population size and
on remediation of those factors.
(2) Individual species may be helped by protection activities that target a species alone, or they may be helped by
protection activities that include multiple species or entire communities.
(3) Given the stochastic effects on population sizes from both natural and human causes, species protection activities
must necessarily take place in a climate of uncertainty.
(B) Ecological reserve systems: Areas that are designated for conservation need to be established in such a way that they
collectively cover the full range of ecosystem types and can protect the species present there from premature extinction.
(1) Ecological reserve systems are sets of areas managed in such a way that their primary function is to protect a
species or group of species from extinction and to promote natural ecological and evolutionary processes.
(2) Such reserve systems are designed to include area sufficient for the target species to be viable with limited
human intervention and for natural processes to occur.
(3) The effectiveness of reserve systems is influenced by their context, including the stresses placed on them by
actions taking place outside of the system, actions taking place inside of the system, and the degree to which
the organisms present in the reserves perceive them to be connected.
(4) The design and management of ecological reserves must address the predicted effects of global climate change
on the system or species they are intended to protect.
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(C) Human uses of nature: Human uses of nature can be modified so that the impacts on ecological systems are
lessened.
(1) Human enterprises should be more harmoniously integrated within the context of their natural environments,
rather than segregated from them.
(2) Modifying ways in which humans use nature so that they more completely mimic natural ecological processes
can lessen the impact of these uses on biological diversity, ecological integrity, and ecological health.
(3) The impact of human uses of nature on biological diversity, ecological integrity, and ecological health can be
lessened by a reduction of the magnitude of human impacts in both space and time.
(4) Although biological reserves and national parks are often an essential component of conservation strategy, the
ultimate success of conservation depends on refashioning human activities to coexist with biological diversity
and ecological systems.
(D) Ecosystem restoration: Ecosystems that have been degraded through changes in function and species composition
need to be restored to as close to their natural (as contrasted to culturally modified) conditions as possible.
(1) Ecosystems that have been degraded through human modification can, in some cases, be restored through
elimination of the external stresses, reintroduction of native species, removal of exotic species, and restoration
of ecological processes.
(2) The extent to which a restoration effort is considered “successful” depends on the goals identified. No effort
can ever restore exactly the natural ecosystem in its composition, structure, and function.
(3) An ability to promote restoration should not be seen as a justification for promoting habitat destruction
elsewhere.
(E) Augmentation of natural populations: Species at risk of extinction can, in some cases, benefit from having their
populations increased through the introduction into the wild of individuals bred in captivity.
(1) Species and subspecies on the brink of extinction in the wild may be helped through breeding in facilities such
as zoos, aquaria, botanical gardens, and captive breeding facilities.
(2) Care must be taken to maintain genetic diversity from generation to generation and to mimic selective
pressures the organisms would encounter in nature. For animals, habituation to humans should be minimized.
(3) Captive breeding programs for conservation are expensive and therefore are not practical for all species. For
some species, they may be biologically unfeasible. For some endangered species, however, captive breeding
may be the only strategy available to prevent immediate extinction.
(F) Management of harvests: The numbers of individuals from species that are harvested in nature need to be controlled
so that the harvest does not significantly increase the probability that the species will go extinct.
(1) Indiscriminate harvesting can accelerate or cause extinction.
(2) Control of harvesting, through outright bans in the case of rare, threatened, or endangered species; through
controls of harvest of vulnerable age or stage classes; through limits on the number of individuals harvested;
through limits on the length of time over which harvesting can occur; and through establishment of “no-take”
reserves, may promote species persistence.
(3) To prevent extinction through over-harvesting of species, societies must be willing to regulate harvesting guided
by a biological understanding of population demography.
(G) Management of non-native species: Efforts must be made to decrease the probability that non-native species will
become introduced or successfully established, and efforts need to be made to eliminate established non-native species
whenever possible.
(1) Non-native species are one of the prime threats to native species and ecosystems worldwide.
(2) Non-native species can be spread either accidentally or intentionally.
(3) Most introductions of nonnative species are probably unsuccessful, but a few have had devastating
consequences both ecologically and economically.
(4) After a non-native species becomes established, it is difficult if not impossible to completely eradicate it.
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(5) The ability of a non-native species to establish itself is influenced both by its own characteristics (e.g.,
reproductive biology) and the condition of the natural community into which it is being introduced (e.g.,
ecologically healthy communities tend to be less vulnerable to invasion).
(H) Political participation: Understand and participate in the realm of human politics and policy, making sure to insert
the importance of maintaining native biodiversity into public discourse.
(1) Understand the processes and structures by which public policy is established—including laws, administrative
regulations, and channels for lobbying.
(2) Be familiar with the people who play key roles at a variety of geographic levels, from local to international.
(3) Share knowledge and expertise of conservation biology with policy makers whenever opportunities arise or can
be created.
(I) Education: Conservation education needs to occur at all levels in all societies so that humans can better learn to
coexist with nature.
(1) Conservation education programs seek to develop in people a deeper understanding of the importance and tools
of conservation biology.
(2) Education is most successful when it focuses on developing knowledge, skills, and attitudes in a way that gives
people extended direct experience.
(3) Conservation biologists have a unique set of knowledge, skills, and concerns to share with others.
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Conservation Biology Assessment Plan, Modified October, 2015 (D. Parry, J. Gibbs)
Adapted from: Trombulak et al., 2004, Conservation Biology 18 (5):1180-1190.

Learning Outcome

Where Addressed in the
Program1

How Assessed2
Mean % answers correct aggregated across all
students on five randomly ordered, key
questions targeting this learning outcome
embedded in the Conservation Biology “field
test” administered to final semester
Conservation Biology undergraduates during
EFB414: Senior Synthesis each year.
Mean % answers correct aggregated across all
students on five randomly ordered, key
questions targeting this learning outcome
embedded in the Conservation Biology “field
test” administered to final semester
Conservation Biology undergraduates during
EFB414: Senior Synthesis each year.
Mean % answers correct aggregated across all
students on five randomly ordered, key
questions targeting this learning outcome
embedded in the Conservation Biology “field
test” administered to final semester
Conservation Biology undergraduates during
EFB414: Senior Synthesis each year.
Mean % answers correct aggregated across all
students on five randomly ordered, key
questions targeting this learning outcome
embedded in the Conservation Biology “field
test” administered to final semester
Conservation Biology undergraduates during
EFB414: Senior Synthesis each year.
Mean % answers correct aggregated across all
students on five randomly ordered, key
questions targeting this learning outcome
embedded in the Conservation Biology “field
test” administered to final semester
Conservation Biology undergraduates during
EFB414: Senior Synthesis each year.

1.

Articulate the goals of conservation
biology, that is, to maintain biological
diversity in all its expressions

EFB120; EFB320; EFB413: Intro. Cons.
Biol.; EFB414: Senior Synthesis
EFB419: Problem-solving Cons. Biol.;
Directed Electives (Applied conservation
biology; Human dimensions)

2.

Describe the concept of biodiversity
and its key component concepts of
taxonomy, ecology, genetics,
geography, and evolution

EFB 210/211: Div. Life; EFB413: Intro.
Cons. Biol.; EFB419: Problem-solving
Cons. Biol.; Directed Electives
(Organismal diversity; Field experience
elective)

3.

Explain why biological diversity is
important, that is, nature’s intrinsic
and instrumental values

EFB 120; EFB413: Intro. Cons. Biol.;
EFB419: Problem-solving Cons. Biol.

4.

Describe the threats to biological
diversity, that is, direct harvesting,
habitat destruction, and introduction
of non-native species, among others,
and their interactions

EFB120; EFB 202; EFB413: Intro. Cons.
Biol.; EFB419: Problem-solving Cons.
Biol.; Directed Electives (Applied
conservation biology; Field experience
elective)

5.

Specify context- appropriate actions
needed to protect and restore
biological diversity, that is,
endangered species recovery,
designating ecological reserves,
ecosystem restoration, captive
breeding, population management,
invasive species management,
interfacing with in the policy-making
process, educating others, and
combinations thereof.

EFB 120; EFB413: Intro. Cons. Biol.;
EFB419: Problem-solving Cons. Biol.;
EFB414: Senior Synthesis; Directed
Electives (Applied conservation biology;
Human dimensions)

6.

Be effective as a conservation biology
professional by demonstrating
professional conduct and ethics

EFB420/498: Internship or Research
Experience

7.

Demonstrate taxonomic expertise in
at least one major group of
organisms.

EFB101, 102 , 202, 210, 211, field
experience elective, organismal diversity
directed electives [2 such courses are
required]

Outcome of performance assessment (Likert
scale) of professional capacity assessed during
Internships/Research by internship / research
supervisor as part of each student completing
requirements for EFB420/498 (the professional
internship or research experience required of all
Conservation Biology students) .
A. Performance of ConBio students in
diversity-related components of EFB 202.
B. Averaged overall performance of ConBio
students in EFB 210 / 211 lab practical
exams.
C. Averaged overall performance of ConBio
students in organismal diversity elective
courses, as measured by final grade
distributions or embedded exam or lab
practical grades.
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8.

Clearly communicate scientific
knowledge and ideas orally and in
technical writing.

EWP 190, EWP 290, EFB 102, EFB 104,
EFB 120, EFB 132, EFB 202, EFB 307308, EFB 311, EFB 320, EFB 325,
Communication and Interpretation
directed electives.

A. Performance of ConBiostudents in oral
presentation component of final research
project for EFB 202.
B. Averaged performance of ConBio students
on writing-quality components of written
laboratory reports and research papers in
three required courses, EFB 308, EFB 311
and EFB 320.
C. Averaged performance of ConBio students
on writing quality components of written
laboratory reports and research papers in
their EFB directed elective courses.

9.

Demonstrate familiarity with relevant
policy, law and government context
for their work

Law and policy directed electives:
EST460, FOR465, FOR487, FOR489

Final grades in law/policy directed electives
EST460, FOR465, FOR487, FOR489
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Environmental Biology
Assessment Team
Gregory G. McGee, Assistant Professor (Curriculum Coordinator)
Kimberly L. Schulz, Associate Professor
Thomas Horton, Associate Professor
Stewart Diemont, Assistant Professor

History
Between 1965-2002, the Bachelor of Science in Environmental & Forest Biology was the single
undergraduate program offered by the Department of Environmental & Forest Biology. Students enrolled
in the degree program pursued eleven areas of focused study based upon personal interests and
professional objectives. The major was renamed Environmental Biology (ENB) in 2004, as part of the
overall curricular revisions brought about in response to an increased desire among undergraduates and
EFB faculty to establish multiple, focused majors within the department. Additional incentives were to
increase visibility and recruitment potential in traditional or growing fields like wildlife biology,
conservation biology and biotechnology. As a result, the broad, flexible curriculum was retained (as
ENB), but six specialized programs were added, most of which grew from the popular program options.
Biotechnology was first offered in 2003, and the other five (Wildlife Science, Aquatic & Fisheries
Science, Conservation Biology, Forest Health and Natural History and Interpretation) were initiated in
2004. The Environmental Biology major retains several aspects of the pre-2004 curriculum, while also
sharing numerous elements with the other six EFB majors.

Objectives of the Environmental Biology Major
The curriculum for the Bachelor of Science degree in Environmental Biology is built around a core of
required courses that provides a general education, a background in the principles of biological and
physical science, and an orientation to natural resources and other environmental concerns.
Environmental Biology is the broadest of the seven biology majors at ESF, covering topics from
molecules to ecosystems to regional landscapes. From a core curriculum that is similar to the other
specialized biology majors, students build a unique plan of study, based upon their specific academic
interests and career goals, by selecting a broad or specialized set of upper-division biology electives and a
relatively large number open elective credits. Many students pursue in-depth study of ecology, or
organismal-based study programs focusing on entomology, plant biology, mycology and microbiology, or
invertebrate or vertebrate biology and behavior. Given the flexibility for biology-focused directed
electives and a large complement of open electives, many students utilize the Environmental Biology
major as a pathway to prepare for graduate school in education, medicine and veterinary science.

Results of Prior Assessment
From 2004-2005 the program was the focus of a structured assessment that is mandated by SUNY at 5-7
year intervals. This was preceded by unstructured, ad hoc assessments of curricular structure (20022004). The principal findings and subsequent adjustments based on the previous SUNY Program Review
and ad hoc assessments are presented below.
1. The single major was too constraining. The 2005 external review team felt that our ENB curriculum
was somewhat over-structured and could be made more flexible by reducing core requirements. Core
courses now comprise slightly less than half of the credit requirements for graduation, which we believe
is sufficient to maintain our distinction from the traditional biology curricula of other SUNY units. With
the introduction of a new freshman biology sequence in 2008 (below), the second-level biology offerings
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(General Botany and Principles of Zoology) were transformed in 2011 into a new two-semester Diversity
of Life sequence. All majors now require one or both of the Diversity courses.
2. Freshman biology was non-traditional in scope and had significant gaps in content. Since the
inception of the program in 1965, freshman biology has comprised two courses, General Botany and
Principles of Zoology. While the courses evolved over several decades to be more inclusive than their
names suggest, class time was insufficient for presenting some important material that is usually included
in modern introductory biology courses. Since we admit many transfer students, the absence of a more
traditional sequence also created problems with articulation. Beginning in 2008, freshman biology now
comprises four courses: General Biology I and II, and associated laboratory courses (EFB 101-104).
Coverage is now equivalent to that of most major universities, and of community colleges that serve as
major sources of transfer students.
3. Insufficient hands-on experience in some classes, and problematic timing of EFB 202. The 2005
review team responded to student interviews by recommending that courses with field trips be less
focused on “note-taking in the field” and more on hands-on exercises. This critique was shown to all
biology faculty members, who were asked to evaluate the perceived problem and correct any
shortcoming. But in general, ENB students spend much time in the field engaged in activities other than
note-taking, and we feel that an examination of syllabi, rather than relying on several student interviews,
would have provided a different picture.
The review team also recommended increasing the flexibility of our required 3-week summer field course
(EFB 202 – Ecological Monitoring and Biodiversity Assessment) at our Cranberry Lake Biological
Station. They felt that the student body is too heterogeneous: while the course is scheduled after the
freshman year, many take it after the sophomore or even junior years. The review team recommended
allowing alternative field experiences, particularly for transfer students. We have increased our efforts to
promote post-freshman year scheduling and encourage transfer students to take EFB 202 as early as
possible. We also realize that transfers increasingly enter ESF with little or no science background, and
while they may be more personally mature than post-freshmen, they are no more advanced in biology.
4. Competencies in areas other than science and analytical skills are weaker. The 2005 review team
suggested – based on several student interviews, not course content analysis – that competencies in
writing, mathematics, and group-dynamics were not stressed sufficiently, or not sufficiently reinforced.
The college has since implemented standardized math-placement examinations prior to enrollment, with
the results being used to recommend appropriate mathematics classes to incoming freshman or transfer
students. The college has added two levels of remedial mathematics classes to aid deficient students.
Now, most freshmen students join a residential Learning Community, one focus of which is to improve
communication skills; associated with this is a “writing across the curriculum” project, in which students
complete writing assignments that span certain shared, required courses (e.g. CLL 190, EFB 101, FCH
150). Beginning in 2009 we instituted specific assessments of writing, math and group-dynamic skills in
several required courses, as indicated in the 2008 assessment plan, below.
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Environmental Biology Core and Directed Elective Courses
The curriculum for the Bachelor of Science degree in Environmental Biology is built around a core of
required courses that provides a general education, a background in the principles of biological and
physical science, and an orientation to natural resources and other environmental concerns. The ENB
core curriculum provides students with a broad understanding of biological principles across a range of
scales – from the biomolecular to cellular to organismal to populations, communities and ecosystems. It
is grounded in solid understanding and application of evolution, and emphasizes organismal biology and
biodiversity (requiring the two-semester Diversity of Life sequence, which provides students with a
solid, breadth of knowledge about the tree of life) and field study (required Ecological Monitoring and
Biodiversity Assessment). From a core curriculum that is similar to the other specialized biology majors,
students build a unique plan of study, based upon their specific academic interests and career goals, by
selecting a broad or specialized set of upper-division biology electives and a relatively large number open
elective credits.
The rationale for the respective directed elective categories (25 total credits) in ENB follows.
Field Experience (3 credits)
Field study is an integral component of the ENB undergraduate experience. All students are
required to take a three-week field-intensive course (EFB202) at ESF’s Cranberry Lake
Biological Station as early in their academic program as possible. That course is designed to
expose students to field identification and natural history of a wide variety of taxa, introduce them
to field sampling techniques, and have them develop a first-hand understanding of ecological
principles through experiences in the field. The field experience directed elective is intended to
enable students to continue acquiring confidence and proficiencies in field identification of a
more focused group of organisms and field methodologies. The field elective may take the form
of field courses, and field-based independent research projects and professional internships.
Structure and Function (3 credits)
Students must acquire higher-level understanding of organismal anatomy, morphology and
physiology to integrate organismal performance with environmental conditions and stresses.
Acquiring such mechanistic understandings of organismal responses is vital for scientists and
managers.
Diversity (6 credits in at least two categories: vertebrate, invertebrate, plant, microbe &
fungal)
As it is for all EFB students, the development of a broad and deep understanding of organismal
diversity is another integral component of the ENB undergraduate experience. Breadth of
understanding organismal diversity is established in General Biology I, and continues through the
sophomore Diversity of Life I & II sequence. Students then are required to complete at least 6
credit hours of study in upper-division biodiversity electives including classes in at least two of
four broad categories.
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2008 Assessment Plan
The assessment plan (Table 6) for the Environmental Biology major was established in 2008 and
modified in 2011. Data for this assessment were collected on 316 students between 2009 and 2012.
A draft assessment report was presented to ENB faculty for discussion and action on 09/25/14.
Recommendations from that and subsequent discussions form the basis of the modified assessment plan
presented at the end of this section.
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Table 6. Environmental Biology assessment plan (established 2008, revised 2011). R. Norton (Previous
Curriculum Coordinator), K. Schulz, G.G. McGee, D. Leopold.
Learning Outcome
Where
How Assessed
Assessment Results
Response to
(what students should
(see following
Addressed in the
Results
be able to do)
(see following
narrative)
Program
narrative)
1. Clearly communicate
scientific knowledge and
ideas orally and in
technical writing, and
work effectively both as a
member of a group and
independently.

CLL 190, CLL 290,
EFB 102, EFB 104,
EFB 120, EFB 132,
EFB 202, EFB 307308, EFB 311, EFB
320, EFB 325

A. Performance of ENB
students in oral presentation
component of final research
project for EFB 202.

These assessment methods
will be applied to students
for the first time in the
Summer and Fall of 2009.

Revised performance
tracking in relevant
courses.

B. Averaged performance of
ENB students in written
laboratory reports in two
required courses, EFB 308
and EFB 320.
C. Averaged performance of
ENB students in group
research projects in two
required courses, EFB 202
and EFB 308.

2. Demonstrate knowledge
of basic and applied
mathematics and use it to
solve problems and judge
the merits of math-related
issues in their profession
and in daily life

3. Demonstrate
elementary knowledge of
physical science
(chemistry, physics) and
apply it to solving
problems and interpreting
issues in their profession
and in daily life.

4. Demonstrate basic
knowledge of biology at
molecular, cellular, and
organismal levels and
apply it to interpreting
issues in their profession
and in daily life.

APM 105, APM 391
EFB 102, EFB 104,
EFB 202, EFB 307308, EFB 320

FCH 150-154, FCH
210, and physics
requirement [PHY
101; PHY 211-221;
EFB 200]

A. Averaged overall
performance of ENB students
in two required courses, APM
105 and APM 391, as
measured by final grade
distribution.
B. Averaged performance of
ENB students in math-intense
exercises in two required
courses, EFB 308 and EFB
320.
A. Overall performance of
ENB students in EFB 200,
PHY 101 or PHY 211-221 as
measured by final grade
distribution.

As in 1.
As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

B. Averaged overall
performance of ENB students
in three chemistry lecture
courses, FCH 150, FCH 152,
FCH 210, as measured by
final grade distribution.

EFB 101-104, EFB
120, EFB 202, EFB
307-308, EFB 320,
EFB 325

C. Averaged overall
performance of ENB students
in two chemistry laboratory
courses, FCH 151, FCH 153,
as measured by final grade
distribution.
A. Averaged overall
performance of ENB students
in General Biology (four
required courses, EFB 101,
102, 103, 104), as measured
by final grade distribution.
B. Averaged overall
performance of ENB students
in EFB 307, 308 and 325, as
measured by final grade
distribution.

Environmental Biology

78

5. Articulate the principles
of evolution as a unifying
theme in biology and
apply them to interpreting
issues in their profession
and in daily life.

EFB 101-104, EFB
307, EFB 308, EFB
311, Structurefunction directed
elective

6. Demonstrate knowledge
of biological diversity by
identifying and describing
life-history attributes of a
wide range of organisms.

EFB 202, EFB 210,
EFB 211, Field
Experience elective,
Organismal Diversity
electives [2 such
courses are required]

7. Demonstrate basic
knowledge of the
ecological relationships of
organisms in natural and
human-dominated
environments at local to
global scales, and apply it
to interpreting issues in
their profession and in
daily life.
8. Use the scientific
method and apply
appropriate laboratory and
field techniques to answer
questions and solve
problems in
environmental biology.

Environmental Biology

EFB 120, EFB 202,
EFB 320 and Field
Elective

FCH 150-153, FCH
210, EFB 101-104,
EFB 202, EFB 307308, EFB 320 and
Field Elective

A. Overall performance of
ENB students in EFB 311, as
measured by final grade
distribution.
B. Performance of ENB
students in evolution-related
components of EFB 307-308.
A. Performance of ENB
students in diversity-related
components of EFB 202.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

B. Averaged overall
performance of ENB students
in EFB 210 and EFB 211, as
measured by final grade
distribution.
C. Averaged overall
performance of ENB students
in two organismal diversity
elective courses, as measured
by final grade distribution.
Averaged final grade
distribution of ENB students
in EFB 120 and in lecture
component of EFB 320.

A. Averaged performance in
experimental components of
EFB 308 and 320.
B. Performance of ENB
students in experimental
components of EFB 202 field
course
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Assessment Results
Learning Outcome 1: Clearly communicate scientific knowledge and ideas orally and in
technical writing, and work effectively both as a member of a group and independently.
Where addressed in ENB curriculum
-EWP 190 –Writing and the Environment – This is a general education course that provides an
introduction to academic writing, research, analysis, argument and critical thinking. Apart from
several informal writing assignments, students complete three formal writing projects and an
oral presentation
-EWP 290 – Research Writing and Humanities – This second writing and communications course
focuses on research and documentation, and critical reading, writing and thinking skills.
-EFB 102 – General Biology I Laboratory –students write two hypothesis-driven, technical
laboratory reports and engage in peer review.
-EFB 104 – General Biology II Laboratory – students write two hypothesis-driven, technical
laboratory reports and engage in peer review.
-EFB 120 – Global Environment and the Evolution of Human Society – Students conduct writing
assignments in approximately 90% of the meetings in this flipped class; approximately 25% of
the assignments are essays while the rest are outlines. This course includes a final written
research paper. On occasions instructors require students to visit the Writing Resource Center
to receive formative feedback on drafts of the research paper. On occasions, peer review
activities are conducted during class.
-EFB 132 – Freshman Orientation Seminar – Students prepare 2- to 3-page summary papers on
any five of the 14 weekly sessions, as well as a final synthesis paper. The papers are evaluated
both for content and writing quality. All students are required to submit their first paper to the
college Writing Resource Center for review prior to submitting and are encouraged to continue
using the WRC for any subsequent papers. The emphasis on writing quality in this freshman
seminar is believed to help establish college-wide expectations for writing across the
curriculum early in our students’ experiences.
-EFB 202 – Ecological Monitoring and Biodiversity Assessment – Students carry out a group
research project and communicate findings by oral presentation during a day-long symposium.
-EFB 307/308 – Principles of Genetics Lecture and Laboratory – Students complete seven
technical laboratory reports and conduct a group research project.
-EFB 320 – General Ecology – Students complete two technical laboratory reports.
-EFB 325 – Cell Biology – This course was initially listed to address this learning objective, but
does not contain a component of scientific communication or group work so will not be used
for assessment of these outcomes.
How assessed
A. Distribution of assignment grades of ENB students in oral presentation component of final
research project for EFB 202.
B. Distribution of averaged assignment grades of ENB students in written laboratory reports in
two required courses, EFB 308 and EFB 320.
C. Distribution of averaged assignment grades of ENB students in group research projects in two
required courses, EFB 202 and EFB 308.
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Assessment Results
A. Oral presentation skills
Assignment grade distribution of ENB students in oral presentation component of final
research project for EFB 202. Target: 80% of students (n=156) will meet or exceed
expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
53%

47%

0%

0%

This metric reports the overall quality of an oral presentation of a group research project in
EFB 202 at Cranberry Lake. The assessment tool partitioned the quality of the presentation
from the quality of research (hypothesis testing). The quality/completeness of visual aids was
evaluated for the entire student group (including students from all six EFB majors that enroll
at CLBS) and presentation style was evaluated separately for each individual student.
These data reveal that all ENB (EFB) students who enrolled in EFB 202 and prepared an oral
presentation were capable of producing and delivering quality oral presentations in a
technical format. Students enroll in this course having a range of experiences with this skill,
based upon their class standing and previous coursework (e.g., EWP 190 and EWP 290).
During EFB 202, students are presented with formatting expectations through a one-hour
evening seminar immediately prior to preparing and delivering their reports. EFB 202
instructors explain anecdotally that since including this one-hour seminar a few years ago, the
quality of presentations improved, and this seminar probably simply serves to remind
students of the standards and expectations they were taught in other courses (e.g., EWP 190).

B. Analytical/Technical Writing Skills
Averaged assignment grade distribution of ENB students in written laboratory reports in two
required courses, EFB 308 and EFB 320. Target: 80% of students (n=135) will meet or
exceed expectations ( ≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
46%

44%

5%

4%

This metric reflects average student grades for technical laboratory reports submitted in two
core EFB courses, EFB 308 (Genetics Lab) and EFB 320 (Ecology). These data reveal that
90% of ENB students meet or exceed expectations for technical writing. Within the ENB
curriculum analytical writing instruction is offered through EWP190 (Writing and the
Environment) and students are instructed on formatting technical scientific reports in General
Biology EFB 102/104 (General Biology Laboratory I and II), during which students prepare
two full laboratory reports during both semesters of General Biology Lab (including an initial
four-week sequence to introduce hypothesis development, alignment of field methodologies
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with hypotheses, data management, summary and analysis, and report writing). Students are
provided with substantial in-lab instruction on technical report preparation, and engage in
structured peer review exercises during both semesters that are designed to provide editorial
feedback to the authors as well as afford the reviewer opportunities to identify good and poor
tendencies in technical writing; and are provided during both semesters to revise and resubmit
their papers. Additional instruction for preparing laboratory reports is offered through the
General Ecology laboratory, and students again engage in peer review activities during
laboratory instruction.
We obtained list of EFB courses that regularly require technical analytical writing (term
papers) to determine where else this is addressed/reinforced and where else we can assess at
upper-division courses (see Appendix 1). We will build a common rubric through which we
can extract student proficiencies in structuring technical reports and writing quality.
C. Effective Group Work
Averaged scores of ENB students in peer-review assessments of their contributions to group
projects in two required courses, EFB 308 and EFB 202. Target: 80% of students (n=104)
will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥4.3
2.8-4.2
1.5-2.7
<1.5
82%

17%

1%

0%

This metric is an average (Likert Scale) of peer reviews for student contributions to group
research projects in EFB 202 at Cranberry Lake and EFB308 (Genetics Laboratory). The
EFB 202 evaluation was a reciprocal anonymous peer review (identities of the students
reviewing and being reviewed are not known, except that students being reviewed reveal their
major). The EFB 308 evaluation was not anonymous. When distributing the evaluations
instructors made clear the purpose of the evaluations, explained that they were unrelated to
course grades and emphasized the department’s desire to receive accurate, frank and critical
feedback on peer contributions to the group effort.
Both assessments reported similar outcomes and, in aggregate, indicate that 99% of ENB
students are capable of working effectively and contributing positively toward the goals of a
group research project. It should be noted that the working groups are self-selected in both of
these courses and therefore frequently consist of students working with close friends. It is
very possible that group-work performances would differ if students were randomly placed
into working groups in a manner reflecting real-world situations.
Instructors in these two courses recognized anecdotally the value of engaging students in
group research projects in order to develop their problem-solving, interpersonal and
professional skills. A number of other opportunities for group work assessment exist within
upper-division EFB courses (Appendix 3), but given the level of effort for instructor
observation or peer review of student contributions, we do not believe that assessing this skill
in other courses would be a worthwhile use of instructor time. We are satisfied that the two
measures we have highlighted for EFB 202 and EFB 308 are adequate to assess this outcome
and know that our students receive additional opportunities to engage in these activities.
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Learning Outcome 2. Demonstrate knowledge of basic and applied mathematics and use it to
solve problems and judge the merits of math-related issues in their profession and in daily life.
Where addressed in ENB curriculum
EFB 102 – General Biology I Laboratory – Students solve problems through basic applied algebra
(dimensional analysis, proportions); and are provided basic introduction to variance and apply nonstatistical, graphical approach to infer differences between calculated means.
EFB 104 – General Biology II Laboratory - Students solve problems through basic applied algebra
(dimensional analysis, proportions); and are provided basic introduction to variance and apply nonstatistical, graphical approach to infer differences between calculated means.
EFB 202 – Ecological Monitoring & Biodiversity Assessment – Students receive 1/2-day of basic
statistics instruction and apply inferential statistics during a group research project.
EFB307/308 – Principles of Genetics Lecture and Laboratory – Students receive in-lab instruction on
application of inferential statistics and apply to problem data sets.
EFB 320 – General Ecology – The first laboratory serves as a statistics primer to present/review
elementary statistical procedures. Students later apply elemenatry statistics (e.g., t-tests) to
experimental data, calculate and interpret diversity indices (e.g., Shannon-Wiener), and produce
and interpret life tables using matrix algebra. Models of poplation growth are discussed in terms of
differential calculus.
FCH 152/153 – General Chemistry II – Students apply principles of calculus (logarithms) to
determine reaction rate constants.
How assessed
A. Averaged final grade distribution of ENB students in two required courses, APM 105 (Calculus I)
and APM 391 (Introduction to Statistics).
B. Averaged assignment grade distribution of ENB students in math-intense laboratory exercises in
two required courses, EFB 308 and EFB 320.
Assessment Results
A. Averaged APM 105/391 Final Grades
Final grade distribution of ENB students in APM 105 and APM 391. Target: 80% of students
(n=161) will meet or exceed expectations (>C).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
51

35

8

6

A. Math-Intense Laboratory Exercises
Averaged assignment grade distribution of ENB students in math-intense laboratory exercises
in EFB308 and EFB320. Target: 80% of students (n=156) will meet or exceed expectations
(>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
59
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Discussion
It is interesting that 51% of ENB students averaged a B+ or better in Calculus I and Statistics. Data
are unavailable to compare across the campus as a whole. The use of course grades for this
assessment metric is justified given the problem-solving emphasis of the calculus and statistics
courses. Instructors from 27 of the 70 courses report that students apply higher math skills (statistics,
modelling or calculus) in their coursework (Appendix 3) so we are satisfied that math skills are being
reinforced within the ENB curriculum. However we will use the recent EFB faculty survey of course
skills to identify other upper-division elective courses that would be suitable for purposeful
reinforcement of statistics, calculus and modelling.
The Genetics and General Ecology laboratory activities require students to apply elementary statistics
to infer pattern in observational and experimental data. We recognize that the use of laboratory
reports for this measure includes other confounding information that complicates interpretation (e.g.,
final lab report grades include writing quality components; students receive substantial guidance by
their instructors in applying statistics to these problems), and therefore we are discussing alternative
means (embedded exam questions) to more accurately assess student command for applying higher
math skills.
Application of elementary statistics is applied throughout the curriculum in several mid- and upperdivision courses (e.g., EFB 202, 308, 320) and it is clear that the sooner students take elementary
statistics the better the benefit will be when material is reinforced in their biology courses. To move
statistics forward into the Freshman year would have college-wide implications given the size of this
major, and this change cannot be instituted without college-wide approval. Still, we believe there
would be substantial academic enrichment if ENB students (and students in other EFB majors) took
statistics in their freshman year. This would permit them to better interpret scholarly papers and
would allow for reinforcing instruction throughout the ENB curriculum.
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Learning Outcome 3. Demonstrate elementary knowledge of physical science (chemistry,
physics) and apply it to solving problems and interpreting issues in their profession and in
daily life.
Where addressed in ENB curriculum
- FCH 150-153 General Chemistry I and II Lecture & Laboratory – students complete 8 credits of
general chemistry instruction.
- FCH 210 Principles of Organic Chemistry, with option for second semester of organic chemistry.
- EFB 200 – Physics of Life, with option for second semester of physics – This course was
established for the purpose of instructing students on principles of physical science with
applications to living organisms.
- EF B 103/104 – General Biology II - Principles of intermolecular forces are presented, discussed
and applied in General Biology II lecture and laboratory.
- EFB 320 - Principles of heat exchange and osmoregulation are presented and applied in General
Ecology (EFB320) lecture; heat transfer is discussed and applied in Limnology.
- EFB 325 – Cell Biology – Application of principles of organic chemistry are applied to
understanding cellular form and processes.

How assessed
A. Final grade distribution of ENB students in EFB 200, PHY 101 or PHY 211-221.
B. Averaged final grade distribution of ENB students in three chemistry lecture courses, FCH 150,
FCH 152, FCH 210.
C. Averaged final grade distribution of ENB students in two chemistry laboratory courses, FCH 151,
FCH 153.

Assessment Results
A. Final Grade Distribution in Physics Courses
Final grade distribution of ENB students in EFB 200/PHY 101/PHY 211/PHY 221. Target:
80% of students (n=70) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
49

50

1

0

Nearly all (99%) of ENB students meet expectations for this measure, based upon final grades in
EFB 200 (Physics of Life).
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B. Final Grade Distribution in Chemistry Lecture Courses
Final grade distribution of ENB students in FCH150/FCH152/FCH210. Target: 80% of
students (n=173) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
36

44

12

8

C. Final Grade Distribution in Chemistry Laboratory Courses
Final grade distribution of ENB students in FCH151/FCH153. Target: 80% of students
(n=127) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
50

35

7

7

Only 80-85% of ENB students meet expectations for this measure of performance in our General
Chemistry lecture and laboratory courses. While these course grades are believed to be
appropriate measures, it is clear that we need to identify other, upper-division courses within the
ENB curriculum, where principles of chemistry are applied, to measure this important outcome.
We will incorporate into future assessment exam scores from the required Cell Biology (EFB
325) course to measure student understanding of biochemistry.
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Learning Outcome 4. Demonstrate basic knowledge of biology at molecular, cellular, and
organismal levels and apply it to interpreting issues in their profession and in daily life.
Where addressed in ENB curriculum
EFB 101-104 – General Biology I Lecture & Laboratory; General Biology II Lecture & Laboratory
EFB 120 – Global Environment and the Evolution of Human Society
EFB 202 – Ecological Monitoring & Biodiversity Assessment
EFB 307/308 – Principles of Genetics Lecture & Laboratory
EFB 320 – General Ecology
EFB 325 – Cell Biology

How assessed
A. Average final grade distribution of ENB students in General Biology (four required courses,
EFB101, 102, 103, 104).
B. Average final grade distribution of ENB students in Principles of Genetics Lecture (EFB 307),
laboratory (EFB 308) and Cell Biology (EFB 325).

Assessment Results
A. General Biology Grades
Averaged final grade distributions of ENB students in EFB101, 102, 103, 104. Target: 80%
of students (n=90) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
26

44

27

3

Discussion
Although introductory courses are not ideal places to assess student command of content, EFB 101
and EFB 103 (Gen Bio I and II lectures) have been structured to introduce students to the range of
biological content they will encounter in upper-division courses. Therefore, there may be no better
place within the curriculum to assess this content. The best solution to obtaining end-of-program
command of content is through a capstone course and final examination. Although the other more
professionally-focused EFB majors have instituted capstone courses, the ENB faculty have not yet
determined how to facilitate such a course given the number of students in the major, existing
teaching loads of the faculty, and the great variety in professional interests of ENB students. We will
continue assessing this outcome using General Biology lecture and laboratory examination grades
(instead of final grades, which include other course components), to track student performance and to
have a baseline in the event ENB ever moves forward with a capstone experience.
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B. Genetics and Cell Biology Grades
Averaged final grade distributions of ENB students in EFB 307, 308, 325. Target: 80% of
students (n=182) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
45

41

9

5

Discussion
The final grades for EFB 307/308 (Genetics) and EFB 325 (Ecology) are not the best available
measure for this outcome since they incorporate a number of other learning objectives that are
referenced elsewhere in this report. We have modified the assessment plan to include only the exam,
quiz and assignment grades that assess knowledge of content matter in EFB 307 and 325, as well as
the Form/Function directed electives.
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Learning Outcome 5. Articulate the principles of evolution as a unifying theme in biology
and apply them to interpreting issues in their profession and in daily life.
Where addressed in ENB curriculum
EFB 101-104 – General Biology I Lecture & Laboratory; General Biology II Lecture & Laboratory.
Students develop in EFB101/102 a basic command at a broad scale for current phylogenetic treatment
of the living organisms. In EFB103/104 students study the mechanisms of natural selection and
evolution, heredity and population genetics.
EFB 307/308 – Principles of Genetics
EFB 320 – General Ecology
EFB 311 – Principles of Evolution

How assessed
A. Final grade distribution of ENB students in Principles of Evolution (EFB 311).
B. Assignment grade distribution of ENB students in evolution-related components of Principles of
Genetics (EFB 307/308).
Assessment Results:
A. Principles of Evolution Final Grades
Averaged final grade distribution of ENB students in EFB 311. Target: 80% of students
(n=129) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
30

55

14

1

As a whole, ENB students met departmental expectations for displaying command of
evolutionary processes (85% met or surpassed expectations), but the distribution of
performance simply follows the grade distribution for EFB 311. A better metric for this
outcome would be using exam and content-based assignment grades for the class.
B. Evolution – Related Components of EFB 307/308
Grade distribution of ENB students in evolution-related components of EFB307/308. Target:
80% of students will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
n/a

n/a

n/a

n/a

Information was not gathered for this metric. It will be removed from the new assessment plan.
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Learning Outcome 6. Demonstrate knowledge of biological diversity by identifying and
describing life-history attributes of a wide range of organisms.
Where addressed in ENB curriculum
- EFB 101/102 – General Biology I Lecture and Laboratory – The first semester of introductory
biology emphasizes organismal biology and ecology. One-third of the lecture and laboratory
instruction is dedicated to establishing a broad understanding of diversity and phylogeny.
- EFB 202 – Ecological Monitoring and Biodiversity Assessment – The student learning objectives
for this course include the field identification and understanding of life history characteristics of a
wide range of organisms at the Cranberry Lake Biological Station in the Adirondacks. Students
regularly learn more than 200 taxa of living organisms.
- EFB 210/211 – Diversity of Life I & II – The objectives for this two-semester, six-credit sequence
are to introduce biodiversity at local, regional and global scales. Instruction emphasizes diversity,
ecology and evolution of viruses, bacteria, protistans, plants, fungi and animals.
- ENB students are required to complete at least 6 credit hours of upper-division organismal diversity
courses in addition to the 6-credit Diversity of Life sequence (EFB210/211). The upper-division
EFB courses that apply toward this requirement are presented in Appendix 4. These courses
provide in-depth exposure to the identification, phylogenetics and natural histories of typically
more than 80-100 species or other higher-order clades.
How assessed
A. Distribution of multiple field examination scores by ENB students in Ecological Monitoring and
Biodiversity Assessment (EFB202).
B. Average final grade distribution of ENB students in Diversity of Life I & II (EFB210/211).
C. Average final grade distribution of ENB students in organismal diversity elective courses.
Assessment Results
A. EFB202 Field Exams
Grade distribution of ENB students in EFB 202 field examinations. Target: 80% of students
(n=155) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
64

32

4

0

Student performance in this metric is notably higher than for B and C. In part, this could be result of
the instructional approach, which involves complete immersion for one or two days in each content
area. Students always indicate that they learn content better when in the field. There is agreeably less
content than semester-long courses, but this is compressed into far fewer days, so the intensity of
information saturation is comparable or even more than in semester-long courses. There is great
value in field courses – students learn better in the field, and the department as a whole would benefit
from more instructors offering a greater variety of field courses, both at the Cranberry Lake
Biological Station and the Syracuse campus.
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B. EFB 210/211 Diversity of Life
Distribution of final grades for ENB students in EFB 210/211. Target: 80% of students
(n=38) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
40

47

13

0

The Diversity of Life sequence is one that is rather unique to EFB. It was instituted to address the
overall departmental student learning objectives, across majors, for broad training in biodiversity.
These courses focus on phylogenetic relationships and identification of ~130 taxa, with an emphasis
on local representatives of those taxa. Given the emphasis on phylogenetics and natural histories of
organisms, the final grades seem to serve as good measures of outcomes. This course sequence was
initiated in 2011 and has been difficult to coordinate, but we believe it has sound value as a mid-level
course to prepare students for more focused study of more narrowly defined taxonomic groups.

C. Upper-division biodiversity courses
Distribution of average final grades for ENB students in upper-division biodiversity courses.
Target: 80% of students (n=197) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
38

49

9

5

In general student performance in the upper-division biodiversity courses is lower than in 210/211
and reveals more difficult course content, but still 87% of our students meet expectations for this
learning objective, which is a hallmark of the program. As with other measures, the EFB instructors
know anecdotally that command by students for this and other course content diminishes with time
after course exams, and we have all probably had our experiences with some of our finest students
whom we know should be able to identify certain specimens, but who cannot recall identities.
Therefore, it is possible that the ENB measure for biodiversity knowledge could be higher than other
majors who assess in capstone course exams. As the department acquires baseline assessment data
we should be able to determine how assessment methods influence outcomes in order to select and
apply the truest measure of student learning outcomes in this area.
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Learning Outcome 7. Demonstrate basic knowledge of the ecological relationships of
organisms in natural and human-dominated environments at local to global scales, and
apply it to interpreting issues in their profession and in daily life.
Where addressed in ENB curriculum
- EFB 120 – Global Environment and the Evolution of Human Society - This is an introductory
environmental science course that exposes students to history and contemporary local, regional and
global environmental issues.
- EFB 202 – Ecological Monitoring and Biodiversity Assessment – This field-based biodiversity and
monitoring course is taught in a manner that introduces issues of pollution, forest management, and
disturbance on wild populations.
- EFB 320 – General Ecology – This is an introductory ecology class in which students are exposed to
basic ecological theory and empirical studies of organismal interactions.

How assessed

-Average final grade distribution of ENB students in EFB 120 and lecture component of
EFB320.

Assessment Results
EFB 120 and EFB320 final grades
Average final grade distribution for ENB students in EFB120 and lecture component of
EFB320. Target: 80% of students (n=165) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
18

59

19

4

Discussion
Overall ENB students did not attain the departmental benchmark of 80% of students meeting or
exceeding the assessment standards. This is rather surprising and disappointing given the broad
interest that ESF students have in environmental and ecological principles and the degree of exposure
to these issues that students receive at ESF. Given also that there are so many EFB ecology courses,
this metric should be measured in other upper-division courses. We have no expectation of how
outcomes would differ, but it would certainly give more data points from higher-level courses.
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Learning Outcome 8. Use the scientific method and apply appropriate laboratory and field
techniques to answer questions and solve problems in environmental biology.
Where addressed in ENB curriculum
- EFB 102/104 – General Biology I & II Laboratory – Concepts of the scientific method and
hypothesis testing are introduced in General Biology I & II Laboratories. During these two
semesters students are repeatedly guided in hypothesis development and alignment with methods.
Students apply microscopy, sterile techniques, PCR to address research questions.
- EFB 202 – Ecological Monitoring and Biodiversity Assessment – Students are introduced to a wide
variety of field techniques and concepts of experimental design to quantify and compare
populations and ecological communities. Following two weeks of instruction, student groups apply
methods to test hypotheses that they formulated.
- EFB 308 – Principles of Genetics Laboratory – Students continue developing proficiency with
laboratory techniques in genetics, and conduct five hypothesis-driven experiments in a semester.
- EFB 320 – General Ecology Laboratory – Students learn a variety of field sampling methods and
conduct two hypothesis-driven studies.

How assessed
A. Distribution of averaged assignment grades of ENB students in experimental components of
EFB308 and EFB320.
B. Distribution of assignment grades of ENB students in research hypothesis testing component of
EFB202.
Assessment Results
A. EFB 308 and EFB 320 Assignment Grades
Averaged final grade distribution for ENB students in experimental components of EFB 308
and EFB 320. Target: 80% of students (n=104) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
52

39

9

0

B. Hypothesis testing assignment for EFB 202
Final grade distribution for ENB students in research hypothesis testing component of EFB
202. Target: 80% of students (n=156) will meet or exceed expectations (>73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
19
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We are generally pleased that 91% of students in 308/320 and 95% of students in EFB202 meet or
exceed expectations in their abilities to conduct a controlled experiment or observational study to test
a hypothesis. However, it should be noted that these outcomes are achieved with substantial
instructor support and guidance. These and the other 21 courses delivered by EFB faculty that
include hypothesis-testing experiences, collectively expose our students to numerous opportunities to
carry out the scientific method. Students frequently comment about how difficult they perceive the
experimental component of EFB 202 to be, but how much they valued the experience of developing
and carrying out methods to test their hypotheses. It is not clear how our students would perform if
left to their own devices to develop an experimental method to test a hypothesis.
Also it should be noted that the metric for EFB 202 is provided by a panel of evaluators during the
class research symposium, and applied toward an entire research groups (3-5 students), which are
typically comprised of students across all EFB majors. Therefore, this metric cannot be applied to
only ENB students, but rather better reflects this outcome for all EFB students (excluding BTC
majors).
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Modifications to Future Assessment Plans
Learning Objective 1: Communicate orally and in writing; work effectively in groups - The ENB
assessment team recognizes that substantial instructor contributions to laboratory report preparation still
occurs in General Ecology (EFB 320) and Genetics Lab (EFB 308) and therefore, assessing these
outcomes in these two particular classes may not reflect students’ true abilities to prepare technical
reports. Therefore, we will gather laboratory report grades from all upper-division EFB courses where
this skill is emphasized and average the performance of each student’s report grades across classes at
upper divisions. This will provide a better measure of their abilities toward the end of their academic
careers and permit us to track improvement in their efforts between 320/308 and their other upperdivision courses. Appendix 1 identifies all EFB courses that include a component of technical writing.
Effective group work will be split out as a stand-alone learning objective.
Learning Objective 2: Apply higher math skills for problem solving – The ENB faculty will identify
upper-division directed electives that are suitable for purposeful reinforcement of higher math skills and
embed assessments into class assignments and exams.
Learning Objective 3: Demonstrate knowledge of elementary physics and chemistry – The current
assessment plan relies solely on final grades of lower-division chemistry and physics classes. Cell
Biology (EFB 325) is a core course that offers the opportunity to assess student knowledge of this content
at upper-divisions. We will use grades from exams and embedded classroom assignments as another
measure of student understanding of physics and chemistry.
Learning Objective 4: Demonstrate knowledge of biology at multiple scales – Exam and quiz grades from
EFB 101-104, EFB 307 and EFB 320 will be used rather than final grades in order to isolate student
command of biological content from other student learning objectives of these courses. We will also
utilize exam and quiz grades from the Form/Function directed elective courses, which focus on
organismal, cellular and molecular biology.
Learning Objective 5: Articulate the principles of evolution - We will use exam and content-based
assignment grades from Principles of Evolution course to assess this outcome rather than final course
grade.
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Table 7. Environmental Biology Modified Assessment Plan, July, 2015 (G.G. McGee, T. Horton, S. Diemont,
K. Schulz).
Learning Outcome
Where
How Assessed
Assessment
Response to
(what students should
Addressed in the
Results
Results
be able to do)
Program
1. Clearly communicate
scientific knowledge and
ideas orally and in
technical writing.

CLL 190, CLL 290,
EFB 102, EFB 104,
EFB 120, EFB 132,
EFB 202, EFB 307308, EFB 311, EFB
320, EFB 325

A. Performance of ENB students in oral
presentation component of final research project
for EFB 202.

See following
narrative.

See following
narrative.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

B. Averaged performance of ENB students on
writing-quality components of written
laboratory reports and research papers in three
required courses, EFB 308, EFB311 and EFB
320.
C. Averaged performance of ENB students on
writing quality components of written laboratory
reports and research papers in their upperdivision EFB elective courses.

2. Work effectively as a
member of a group

3. Demonstrate knowledge
of basic and applied
mathematics and use it to
solve problems and judge
the merits of math-related
issues in their profession
and in daily life

4. Demonstrate
elementary knowledge of
physical science
(chemistry, physics) and
apply it to solving
problems and interpreting
issues in their profession
and in daily life.

EFB 103, 120, 202,
303, 308, 311, 312,
320, 337, 342, 345,
351, 352, 355, 388,
390, 404, 417, 418,
419, 423, 428, 435,
439, 440, 445, 446,
482, 484, 486, 487,
488, 491, 492, 493,
502, 504, 518, 525,
560
APM 105, 391
BTC 401
EFB 120, 200, 202,
210, 307, 308, 320,
337, 340, 345, 351,
352, 419, 424, 427,
453, 462, 485, 486,
487, 488, 491, 493,
518, 525

BTC 401
EFB 103, 104, 120,
200, 303, 307, 308,
320, 325, 345, 388,
419, 424, 427, 428,
462, 483, 484, 485,
486, 487, 491, 518,
525
FCH 150-154, 210
PHY 211-221

5. Demonstrate basic
knowledge of biology at
molecular, cellular, and
organismal levels and
apply it to interpreting
issues in their profession
and in daily life.

EFB 101-104, EFB
120, EFB 202, EFB
307-308, EFB 320,
EFB 325,
structure/function
electives

6. Articulate the principles
of evolution as a unifying
theme in biology and
apply them to interpreting

EFB 101-104, EFB
307, EFB 308, EFB
311, Structurefunction directed
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Averaged performance of ENB students in peer
reviews of group research projects in three
required courses, EFB 202, EFB 308, EFB 311.

A. Averaged overall performance of ENB
students in two required courses, APM 105 and
APM 391, as measured by final grade
distribution.
B. Averaged performance of ENB students on
math-intense exercises in three required courses,
EFB 200, 308 and 320
C. Averaged performance of ENB students on
math-intense exercises in their upper-division
directed electives.
A. Distribution of average final grades of ENB
students in EFB 200, PHY 101 or PHY 211221.
B. Distribution of average final grades of ENB
students in three chemistry lecture courses, FCH
150, FCH 152, FCH 210, and two chemistry
laboratory courses (FCH151, FCH 153).
C. Distributions of student grades on embedded
exam and quiz questions, and class assignments
in EFB 325 and student directed electives.
Distribution of average quiz and exam grades of
ENB students in the General Biology laboratory
and lecture courses (EFB101-104), and the
lecture exams and quizzes of Genetics (307),
Ecology (EFB320), Cell Biology (EFB325) and
structure/function electives (EFB 385, 427, 462,
570)
A. Distribution of average ENB student grades
on EFB311 exams and assignments.
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issues in their profession
and in daily life.
7. Demonstrate knowledge
of biological diversity by
identifying and describing
life-history attributes of a
wide range of organisms.

8. Demonstrate basic
knowledge of the
ecological relationships of
organisms in natural and
human-dominated
environments at local to
global scales, and apply it
to interpreting issues in
their profession and in
daily life.
9. Use the scientific
method and apply
appropriate laboratory and
field techniques to answer
questions and solve
problems in
environmental biology.

electives
EFB101, 102 , 202,
210, 211, field
experience elective,
organismal diversity
directed electives [2
such courses are
required]

EFB 120, EFB 202,
EFB 320 and Field
Elective

FCH 150-153, FCH
210, EFB 101-104,
EFB 202, EFB 307308, EFB 320 and
Field Elective

A. Performance of ENB students in diversityrelated components of EFB 202.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

B. Averaged overall performance of ENB
students in EFB 210 / 211 lab practical exams.
C. Averaged overall performance of ENB
students in organismal diversity elective
courses, as measured by final grade distributions
or embedded exam or lab practical grades.
Distribution of ENB student scores on
embedded test questions in EFB 120 and EFB
320 exams.

A. Averaged distribution of ENB students on
experimental content of EFB308 and EFB320
laboratory reports and exercises.
B. Distribution of ENB student performance in
experimental components of directed elective
laboratory reports (EFB 337, 342, 345, 351,
352, 388, 419, 427, 440, 453, 485, 486, 487,
488, 491, 493, 518)
C. Distribution of ENB student performance in
experimental components of EFB 202 group
research project.
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Environmental Education and Interpretation
Assessment Team
Elizabeth Folta, Assistant Professor (Curriculum Coordinator)
Melissa Fierke, Associate Professor

History
Between 1965-2002, the Bachelor of Science in Environmental & Forest Biology was the single
undergraduate major offered by the Department of Environmental & Forest Biology. Because students
felt that their investments in specialization were not rewarded by an appropriate degree title, and to
increase visibility and recruitment potential in traditional or growing fields, six specialized majors were
initiated in 2003-2004, Natural History and Interpretation among them. In 2014 the name of the major
was changed to Environmental Education and Interpretation to update the terminology used by
professionals in the fields today and to make the degree name more recognizable by prospective students
and employers. The “history” in Natural History was a deterrent for many of our incoming freshmen
because they did not know what Natural History was. The name change has already resulted in increased
freshman applications, accepts, and incoming to the program (Table 1). The college started to use the new
name Environmental Education and Interpretation for recruiting purposes for the 2014 freshmen class, but
the name will not officially be used by SUNY for their information resources until the 2016 entry
semesters.
Table 1. Freshman EE&I Admissions Reports for 2013-2015
Year
Number of Applications (accepts)
Number of students who entered as
EE&I

2009
2 (0)
0

2010
6 (0)
0

2011
8 (5)
1

2012
14 (6)
2

2013
6 (2)
1

2014
12 (7)
3

2015
11 (9)
5

Objectives of the Environmental Education and Interpretation Major
Natural history is the description of nature and differs from ecology in placing less emphasis on
quantification and more on careful observation. The overarching goal is to elucidate patterns and
relationships in the natural world and assimilate this information into human affairs. It uses traditional
and modern tools, often with an aesthetic component, to differentiate the natural world, and focuses on
identification, life history, distribution, abundance and interrelationships among and between individuals,
populations and species.
The field has a long and distinguished history including figures such as Darwin, Wallace and E. O.
Wilson who are recognized for their seminal contributions to biology and ecology. Following a meteoric
rise in popularity during the 19th century, natural history declined as new experimental and quantitative
approaches came to dominate biology. In recent years, however, both the recognition of the role of
biology in a holistic view of the planet, and the increasing emphasis on the value of education as the key
to a sustainable future, have brought about a resurgence of interest in natural history and, crucially, its
interpretation. Interpretation is defined as a communications process that reveals meanings and
relationships about natural, cultural, historical and recreational resources. While interpretation may be
viewed as a process to communicate any subject matter, historically it has always been linked with natural
history. The methods of interpretation were forged by naturalists.
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Interpretation and environmental education work hand-in-hand to help make connections between the
world of science and the general public. Through the art of interpretation, students will learn how to help
people make connections with the natural world and science.
The courses associated with the undergraduate major in environmental education and interpretation reflect
the interdisciplinary and holistic nature of this subject area. Students become well-grounded in the natural
sciences and in the skills specific to communication and informal education. This major seeks to integrate
training in organismal biology, including a required field component, with in-depth training in the
literature and context of natural history and a suite of environmental interpretation offerings. Students
gain work experiences through an internship, where the recently acquired knowledge and skills in this
arena can be applied.
The EE&I major prepares students for employment in nature centers, science museums, federal and state
agencies, zoos and parks, arboreta, environmental education centers and aquaria, as well as in the
ecotourism industry and travel agencies that sponsor natural history opportunities, such as birding and
whale watching. Training in natural history and interpretation also provides a strong basis for a rewarding
career in teaching and can act as a springboard for entry into graduate programs.

Results of Prior Assessment
Formal learning outcomes for were first established in 2008 so no assessment had focused on
them prior to that time. Based on unstructured assessments, including interactions between
faculty and students, steps were taken after 2008 to address problems with overlap of course
content in two Advanced Interpretation directed elective courses (EFB 521, Principles of
Interpretive Programming and EFB 417, Perspectives of Interpretive Design). EFB 521 was
eliminated and critical components of EFB521, namely those treating program development and
evaluation, were moved to EFB 417. Environmental communication topics and
obsolete/redundant methods were removed from EFB 417. This change increased opportunities
to instruct students on growing use of technology in the field, and enhanced the professional skill
component of EFB 417.

2008 Assessment Plan
Background and complications with current assessment plan
The assessment plan for Natural History and Interpretation was established in 2008 (Table 8).
However, since then a number of programmatic changes have made the assessment data
unreliable and the original outcomes misaligned with the new curricular changes. The NH&I
major (currently EE&I) is the only program in the department in which all major-specific core
courses are taught by a single faculty member, due to significant financial constraints. The
program is also coordinated by that same faculty member. Consequently, the recent retirement
and replacement (2010) of the curriculum coordinator and sole faculty member for this major
disrupted the 2008 assessment plan. Upon her hire in 2010, Elizabeth Folta continued teaching
the existing courses, but began changing course objectives in a manner to redirect the
curriculum. In 2012 substantial changes to the curriculum were made.
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o
•
•
•
•

•
o

Curricular Changes
The earlier discontinuation of EFB 521 made EFB 417 a core course by default. Therefore EFB
417 was made a core course.
EFB 405 and 406 were replaced with EWP 390.
EFB 215 was removed from the core requirements.
Changes to the Directed Electives: Recreation and Tourism Management area was added and new
offerings were listed for the Advanced Interpretation area (i.e., EFB 560, EFB 418, and Advanced
Interpretation and Certification)
All EFB majors, including EEI, incorporated the Diversity of Life sequence (EFB 210 & 211).

Course Changes:
• Most of the changes were minor (e.g., name changes, prerequisites), but there were two major
changes. EFB 312 had a recitation section added to the course and EFB 404 was made a 2-week
short course during Maymester.

All of these changes went into effect for Fall 2013, which finally stabilized the program, but during the
2009-2012 assessment period, the EE&I program was in a constant state of change. Assessment data
exist for this time period, but they do not represent the current program.
A revised assessment plan has been developed and is described in the last section of this EE&I
assessment report.
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Table 8. 2008 Natural History & Interpretation Assessment Plan, D.A. Saunders. (Italic text indicates
problematic data.)
Learning Outcome
(what students should
be able to do)

Where Addressed
in the Program2

How Assessed

Assessment Results
(see following
narrative)

Response to Results
(see following
narrative)

1. Recognize the major
settings for practicing
environmental
interpretation, and its key
functions, qualities,
principles, methods and
origins
2. Design, implement,
and evaluate personal
interpretation, focusing on
key elements and qualities

EFB 390, EFB 413,
EFB 416, FOR 372

A. Performance on series of
embedded questions on EFB
416 Midterm Exam

These assessment methods
will be applied to students
for the first time in the
Summer and Fall of 2009.

Performance tracking for
this outcome has been
installed in the relevant
courses.

3. Create and evaluate
nonpersonal interpretation
including exhibits,
wayside panels, and
folded publications.

4. Prepare and implement
natural history programs
containing key
interpretive components
and constituent knowledge
indicating basic
understanding of
chemical, biological and
physical processes at work
in the natural world.

5. Explain contributions
of natural history to
science1

6. Describe the
contributions of a core
group of great naturalists
and a supporting
foundation of natural
history literature

B. Performance in capstone
presentation in EFB 416
EFB 215, EFB 404,
EFB 416

EFB 416, EFB 417,
LSA 300

EFB 320, EFB 417,
EFB 420, FCH
150/151, FCH
152/153, PHY 101,
Field Experience
Elective (EFB 342,
EFB 442, EFB 327,
EFB 388, EFB 484,
EFB 523)

EFB 215, EFB 307,
EFB 311, EFB 320
EFB, EFB 404, EFB
405, EFB 406.

EFB 405, EFB 406

A. Performance in component
of EFB 416, the Oakwood
Walk exercise, which stresses
this outcome
B. Averaged grades for
performance in capstone
PowerPoint presentations
included in EFB 215 and EFB
404
A. Performance in creating
professional folded
publication completed for
EFB 417
B. Performance in evaluation
of interpretive trail, an
exercise in EFB 416
A. Performance in a public
interpretive education
program for EFB 420,
supervised and graded by
outside evaluator

As in 1.
As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

B. Performance in natural
history interpretation program
exercise within EFB 417
C. Average of presentation
and science content grades for
EFB 202 capstone.
A. Mean grade for embedded
components of exams,
portfolios and notebooks
within EFB 215 that relate to
this outcome
B. Performance in EFB 404,
as measured by final grade
A. Grade for a presentation
based on the life of a great
naturalist in EFB 405
(assignment changed to EFB
312)
B. Grade for a presentation
based on natural history
literature for EFB 406

7. Explain the various
roles of natural history
and natural history
museums in modern
science1

EFB 404, EFB 405,
EFB 406, EFB 413
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8. Identify and describe
life-history attributes of
organisms spanning the
taxonomic diversity of life

1
2

EFB 101-104, EFB
202, EFB 308, EFB
320, Organismal
Diversity course
series

A. Performance measured by
mean of final grades in four
organismal diversity electives

As in 1.

As in 1.

B. Performance in embedded
components of EFB 202 that
relate to organismal diversity

Outcomes 5 and 7 were merged into one outcome.
Relationship between course content and assessment objectives has been re-evaluated since 2010.
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Assessment Results
Learning Outcome 1. Recognize the major settings for practicing environmental
interpretation, and its key functions, qualities, principles, methods and origins.
How assessed
A. Performance on series of embedded questions on EFB 416 Midterm Exam. EFB 416 no
longer has a midterm exam so the metric was rewritten – Grade for EFB 416 Lesson Plan.
B. Performance in capstone presentation in EFB 416 –To better assess the outcomes and add
diversity to the assessment this metric was replaced with – Grade for EFB 416 ISP Grade.

Assessment Results

Averaged performance (ISP numeric grade 0-115 & Lesson Plan numeric grade 0100) of EE&I students on program plan projects in EFB 416, a required course.
Target: 80% of students will meet or exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

94%

0%

6%

0%

Discussion
This metric reports how students are doing at designing interpretative programs for a variety of
settings and using a variety of methods. All programs are designed to meet the core six
interpretive principles created by Freedman Tilden.
As discussed above, several problems exist with this data set, and these limit our abilities to
interpret and discuss the data. Changes have already been made to the courses in the major and to
the assessment plan and this learning objective will be better evaluated in the next round of
assessment.
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Learning Outcome 2. Design, implement, and evaluate personal interpretation, focusing on
key elements and qualities.
How assessed
A. Performance in component of EFB 416, the Oakwood Walk exercise, which stresses this
outcome. EFB 416 (now EFB 312) no longer incorporates this exercise, so this metric was
replaced with – Grade for EFB 416 Historic Naturalist Program Presentation and SelfEvaluation.
B. Averaged grades for performance in capstone PowerPoint presentations included in EFB 215
and EFB 404–EFB 215 is a course that is no longer offered, so this metric is strictly the grade
from the capstone presentation in EFB 404.

Assessment Results

Averaged performance (ISP numeric grade 0-115 & Lesson Plan numeric grade 0100) of EE&I students on program plan projects in EFB 416, a required course.
Target: 80% of students will meet or exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

78%

14%

8%

0%

Discussion
This metric reports how well students are delivering personal interpretive programs. While the
program is still meeting or exceeding expectations, there are a few students who are not meeting
expectations. One change that has already occurred in the program and courses is to provide
students more opportunities to give interpretive programs.
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Learning Objective 3. Create and evaluate nonpersonal interpretation including exhibits,
wayside panels, and folded publications.
How assessed
A. Performance in creating professional folded publication completed for EFB 417

B. Performance in evaluation of interpretive trail, an exercise in EFB 416 – Interpretive
trails are no longer covered in EFB 416. Interpretive trails are now a topic covered in
EFB 500 AIC Maymester, which was not offered during this assessment period. This
metric was replaced with grade for EFB 404 Exhibit.

Assessment Results

Averaged performance (ISP numeric grade 0-115 & Lesson Plan numeric grade 0100) of EE&I students on program plan projects in EFB 416, a required course.
Target: 80% of students will meet or exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

77%

20%

0%

3%

Discussion
This metric reports how students are doing in creating nonpersonal interpretive media. While the
program is meeting or exceeding expectations, there was one student (of my predecessor) who
did not meet the standard, so we do not know if this is correct or an issue with the data set. This
particular case was based on the brochure grade, because there was not a grade for the exhibit
design. Changes have occurred in how both of these courses are taught, which may rectify the
problem (if the one student indeed did not meet the standard due to a problem with the program).
These changes will be assessed in the next assessment period.
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Learning Outcome 4. Prepare and implement natural history programs containing key
interpretive components and constituent knowledge indicating basic understanding of
chemical, biological, and physical processes at work in the natural world.
How assessed

A. Performance in a public interpretive education program for EFB 420, supervised and
graded by outside evaluator.
B. Performance in natural history interpretation program exercise within EFB 417 –
changed to EFB 416 (now EFB 312) capstone.
C. Average of presentation and science content grades for EFB 202 capstone.

Assessment Results

Averaged performance (numeric grade 0-100) of EE&I students on natural history
programs from EFB 420, 417, and EFB 202. Target: 80% of students will meet or
exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

71%

29%

0%

0%

Discussion
This metric reports how students are doing in creating and delivering natural history programs.
All students are meeting the standards, but we would like to see more excelling in this learning
objective. The new EE&I courses continue to stress instruction on interpretive program
development and this result will provide a valuable benchmark.
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Learning Outcome 5. Explain contributions of natural history to science.
This learning outcome was merged with Outcome 7.
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Learning Outcome 6. Describe the contributions of a core group of great naturalists and a
supporting foundation of natural history literature.
How assessed
A. Grade for a presentation based on the life of a great naturalist in EFB 405 (assignment
changed to EFB 416 since EFB 405 is no longer offered).
B. Grade for a presentation based on natural history literature for EFB 406. EFB 406 is no
longer offered. EFB 405 and EFB 406 were replaced by EWP 390. The final grade for EWP
390 replaced this metric.

Assessment Results

Averaged performance (numeric grade 0-100) of EE&I students on great naturalist
presentations from EFB 416 and final grade for EWP 390. Target: 80% of students
will meet or exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

61%

33%

0%

6%

Discussion
This metric reports how students understand the contribution of the great naturalists to natural
history literature. One student did fail EWP 390 and did not have a grade from EFB 416 during
this assessment period. Written communication is a common area that internship supervisors keep
marking lower for the EE&I students, which is why we added EWP 390 to the core curriculum.
That 6% that did not meet the standard probably had less to do with what students know about the
great naturalists, and more to do with their written communication skills. The changes to the
program will hopefully alleviate the problems in both of these areas in the next assessment.
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Outcome 7. Explain the various roles of natural history and natural history museums in
modern science.
How assessed
A. Performance in capstone presentation for EFB 404

B. Performance in group discussion within EFB 404

Assessment Results

Averaged performance (numeric grade 0-100) of EE&I students on capstone
presentations and group discussions on natural history museums from EFB 404.
Target: 80% of students will meet or exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

49%

51%

0%

0%

Discussion
This metric reports how students understand the role of natural history and natural history
museums in modern science. All students met or exceeded expectations.
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Outcome 8. Identify and describe life-history attributes of organisms spanning the taxonomic
diversity of life
How assessed

A. Performance measured by mean of final grades in four organismal diversity electives
B. Performance in embedded components of EFB 202 that relate to organismal diversity

Assessment Results

Averaged performance (numeric grade 0-100) of EE&I students in diversity courses
are represented by their final grades and/or the diversity component of EFB 202.
Target: 80% of students will meet or exceed expectations (> 73).
Exceeds
Standard
≥ 87

Meets
Standard
73-86

Approaches
Standard
60-72

Does Not Meet
Standard
<60

31%

51%

18%

0%

Discussion
This metric reports how students identify and describe life history attributes of organisms
spanning the taxonomic diversity of life. During this assessment period EFB added EFB 210 and
211 which should help strengthen the knowledge of the EE&I students in this area.
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Proposed Changes to Assessment Plan
The new assessment plan has been prepared to reflect changes in the Interpretation and Environmental
Education fields. The leading professional organizations in the fields are moving toward accreditation of
university programs in these fields. The North American Association of Environmental Education
(NAAEE) established an accreditation program in the fall of 2014, and we intend to align our EE&I
program assessment with the NAAEE accreditation requirements. National accreditation will strengthen
our program and help with recruiting new students. Further, the National Association for Interpretation is
moving in a similar direction toward university accreditation, but currently is only in the draft stage of the
accreditation requirements. Our program assessment will continue to evolve in response to these
emerging professional standards.
The NAAEE accreditation program is based on the Guidelines for the Preparation and Professional
Development of Environmental Educators (2010). These guidelines have been around since 2000 and
were most recently updated in 2010. Much of the Environmental Education & Interpretation program
already naturally aligns with these guidelines, but this alignment was not clear in the assessment data
being collected. The guidelines are based on six themes and each theme has several learning outcomes
associated with it. Incorporating those guidelines into future assessment will require more data collection,
but there is also overlap in the objectives that can be covered by one assessment protocol for multiple
objectives.
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Benefits and Current Limitations to Establishing an EE&I Capstone
A capstone course would be ideal to address assessment. However, given current staffing to support the
EE&I program, which serves not only the EE&I-enrolled students, but also several other larger majors,
such as Wildlife Science, Conservation Biology and Environmental Studies, and the minor in Recreation
Resource and Protected Area Management, the addition of another course to the program is impossible at
this time. Students would benefit from a capstone experience through creation of a professional portfolio
that could be used for advancing their professional careers and applying to graduate school. The portfolio
would reflect many assignments from core courses (EFB 312, 417, 404, 420), as well as some of the
directed electives used for assessment. Therefore, the portfolio would also serve assessment purposes for
program accreditation. As part of the capstone course, the students would have their portfolios assessed
by EE&I professionals leading to a higher quality of data. Since the Program Coordinator for the major
also teaches all the core courses an outside assessment would also eliminate any appearance of a conflict
of interest. The capstone will be introduced on a trial basis to see if it is worth continuing for assessment
purposes starting Spring 2016. An outside instructor will be hired to teach the capstone and run the
portfolio assessment.
Assignments that could be included in the portfolio include:
EFB 312
• Program Plan Assignment
• Lesson Plan Assignment
• 10-minute Mini-program on historic naturalist and self-reflection
EFB 417
• Interpretive Article
• Brochure
• Podcast
• Wayside Exhibit
EFB 496 Advanced Interpretation and Certification
• CIG materials (e.g., Program Plan and 10-minute program video)
EFB 500
• Program plan for 2-hour field program
EFB 560
• Quest
• Group program plans for geocaching program
• Individual program plan for GIS program
FOR 476
• Tourism Plans

For now, a modified assessment plan has been developed that utilizes assignments, final grades and exam
scores from existing courses to provide assessment data. The modified plan is presented in Table 9.
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Table 9. Modified Assessment Plan for Environmental Education & Interpretation
Program based on NAAEE guidelines (E. Folta, October, 2015).
Learning Outcome

Where
Addressed in
the Program

How Assessed

Assessment
Results
(see
following
narrative)

Response
to Results
(see
following
narrative)

1.1 Questioning, analysis,
and interpretation skills

EFB 101, 102, 103,
104, 200, 202, 307,
308, FCH 150, 151,
152, 153

A. Averaged overall performance of EE&I
students in EFB 102 &104 and FCH 151 &153,
as measured by final grade distribution.
B. Averaged overall performance of EE&I
students on final project grade from EFB 202

Performance
tracking for
this outcome
has been
installed in the
relevant
courses.

1.2 Knowledge of
environmental processes
and systems

EFB 120, 210, 211,
311, 320, DE:
Diversity, DE: Field
elective

A. Averaged overall performance of EE&I
students in EFB 210 and EFB 211, as measured
by final grade distribution.
B. Averaged overall performance of EE&I
students in four organismal diversity elective
courses, as measured by final grade distribution.
C. Averaged overall performance of EE&I
students in EFB 120, as measured by final grade
distribution.
A. Averaged overall performance of EE&I
students on FOR 476 Tourism Plan grade.

These
assessment
methods will be
applied to
students for the
first time in the
Summer and Fall
of 2015.
As in 1.

As in 1.

As in 1.

A. Averaged overall performance of EE&I
students on EFB 120 Assignment 1 and
Assignment 2 grades (or individual rubric scores
based on this outcome).

As in 1.

As in 1.

A. Averaged response of EE&I students to quiz
questions in EFB 312.
B. Averaged overall performance of EE&I
students in FOR 372, as measured by final grade
distribution.
A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs in
EFB 496 Advanced Interpretation and
Certification
A. Averaged response of EE&I students to quiz
questions in EFB 312.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

(what students should
be able to do)

1. Environmental Literacy

1.3 Skills for understanding
and addressing
environmental issues

DE: Conservation
Biology, DE:
Recreation and
Tourism Management
(FOR 475, 476)
1.4 Personal and civic
EFB 120
responsibility
This is also covered
throughout the ESF
experience from the
Freshmen Learning
Experience to the
seminars and lectures
offered on campus
2. Foundations of Environmental Education
2.1 Fundamental
EFB 312, 417, FOR
characteristics and goals of
372, 476
environmental education

2.2 How environmental
education is implemented

EFB 312, 404, 417,
420, DE: Advanced
Interpretation, EFB
500 AIC Maymester,
FOR 476

2.3 The evolution of the
field

EFB 312, FOR 372
476, EFB 496
Advanced
Interpretation &
Certification
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As in 1.
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3. Professional Responsibilities of the Environmental Education
3.1 Exemplary
environmental education
practice

EFB 312, EFB 417,
420

3.2 Emphasis on education,
not advocacy

EFB 312, 420

3.3 Ongoing learning and
professional development

EFB 420, EFB 496
Advanced
Interpretation and
Certification

4. Planning and Implementing Environmental Education
4.1 Knowledge of learners
EFB 312, 420, 560,
EFB Advanced
Interpretation &
Certification, EFB
500 AIC Maymester

4.2 Knowledge of
instructional methodologies

EFB 312, 420, 560,
Advanced
Interpretation &
Certification, EFB
500 AIC Maymester

4.3 Planning for instruction

EFB 312, 420, 560,
Advanced
Interpretation &
Certification, EFB
500 AIC Maymester,
FOR 476

4.4 Knowledge of
environmental education
materials and resources

EFB 312, 420, EFB
500 AIC Maymester
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A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs in
EFB 496 Advanced Interpretation and
Certification
A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 312 Program Plan
assignment
C. Averaged overall performance of EE&I
students on the community outreach programs in
EFB 496 Advanced Interpretation and
Certification and/or EFB 500 field programs.
A. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
B. Completion of the CIG certification
requirements in EFB 496 Advanced
Interpretation and Certification
C. Creation of a portfolio in EFB496 Env.
Educ.& Interp. Capstone

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs in
EFB 496 Advanced Interpretation and
Certification and/or EFB 500 field programs.
A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs in
EFB 496 Advanced Interpretation and
Certification and/or EFB 500 field programs.
A. Averaged overall performance of EE&I
students on EFB 312 Program Plans.
B. Averaged overall performance of EE&I
students on EFB 500 Program Plans for field
programs and/or EFB 560 Individual Program
Plans for GIS program

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.

As in 1.

As in 1.
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4.5 Technologies that assist
learning

EFB 312, 417, 420,
560

4.6 Settings for instruction

EFB 312, 420,
Advanced
Interpretation &
Certification, EFB
500 AIC Maymester,
FOR 476

4.7 Curriculum Planning

EFB 312, 420
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A. Averaged overall performance of EE&I
students on EFB 560 Individual Program Plans
for GIS program
B. Averaged overall performance of EE&I
students on EFB 560 Group Program Plans for
Geocaching
C. Averaged overall performance of EE&I
students on wayside exhibits in EFB 417.
A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs in
EFB 496 Advanced Interpretation and
Certification and/or EFB 500 field programs.
A. Averaged overall performance of EE&I
students on EFB 312 Lesson Plans

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.
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5.Fostering Learning
5.1 A climate for learning
about and exploring the
environment

EFB 312, 420, EFB
496 Advanced
Interpretation and
Certification, EFB 500
AIC Maymester, FOR
476

5.2 An inclusive and
collaborative learning
environment

EFB 312, 420, FOR
476

5.3 Flexible and responsive
instruction

EFB 312, 420, FOR
476

6. Assessment and Evaluation
6.1 Learner Outcomes
EFB 312, 420, 560,
EFB 496 Advanced
Interpretation and
Certification
6.2 Assessment that is part
EFB 312, 560, EFB
of instruction
496 Advanced
Interpretation and
Certification

6.3 Improving Instruction

EFB 312, 420, EFB
496 Advanced
Interpretation and
Certification

6.4 Evaluating Programs

EFB 312, 560, EFB
500 AIC Maymester,
EFB 496 Advanced
Interpretation and
Certification, FOR
476
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A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs
in EFB 496 Advanced Interpretation and
Certification and/or EFB 500 field programs.
A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs
in EFB 496 Advanced Interpretation and
Certification and/or EFB 500 evening
programs.
A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the EFB 420 Supervisor’s
Evaluation.
C. Averaged overall performance of EE&I
students on the community outreach programs
in EFB 496 Advanced Interpretation and
Certification and/or EFB 500 evening
programs.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

A. Averaged overall performance of EE&I
students on EFB 312 Lesson Plans

As in 1.

As in 1.

A. Averaged overall performance of EE&I
students on the Group Program assignment in
EFB 312.
B. Averaged overall performance of EE&I
students on the community outreach programs
in EFB 496 Advanced Interpretation and
Certification and/or EFB 500 evening
programs.
A. Averaged overall performance of EE&I
students on the 10-minute mini-programs in
EFB 312 and the self-reflection.
B. Averaged overall performance of EE&I
students on the community outreach programs
in EFB 496 Advanced Interpretation and
Certification.
A. Averaged overall performance of EE&I
students on EFB 312 Lesson Plans.
B. Averaged overall performance of EE&I
students on EFB 312 Evaluation “Quiz”
C. Averaged overall performance on EFB 312
Mini-prorgam self-evaluation

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.

As in 1.
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Forest Health
Assessment Team
John D. Castello, Professor, (Curriculum Coordinator)
Stephen A. Teale, Associate Professor
Gregory G. McGee, Assistant Professor

History
Between 1965-2002, the Bachelor of Science in Environmental & Forest Biology was the single
undergraduate program offered by the Department of Environmental & Forest Biology. Because students
felt that their investments in specialization were not rewarded by an appropriate degree title, and to
increase visibility and recruitment potential in traditional or growing fields, six specialized programs were
initiated in 2003-2004, Forest Health among them.

Objectives of the Forest Health Major
Forest health is a multidisciplinary and collaborative field of study that involves the understanding,
monitoring, and protection of the world's forest resources. A solid foundation in forest health requires
expertise in many disciplines including, but not limited to, plant pathology, entomology, ecology,
dendrology, mycology, silviculture, and forest management. At ESF, we have provided academic training
in these areas for decades, but only recently have they been merged into an academic major.
The forest health major prepares biology-oriented students for employment in positions that deal with
maintaining the health of forest resources. The major is distinct from those in the Department of Forest
and Natural Resources Management and its forest ecosystem science major, which provides skills and
preparation in forest management. Employers today have expressed a need for a deeper understanding of
the science behind the trees. Positions requiring a forest health background are found in federal and state
agencies, nonprofit organizations, and the private sector. With good performance, the forest health major
prepares students for graduate study in preparation for higher-level positions, such as forest pathologist,
entomologist, or mycologist.
The curriculum provides a solid foundation in mathematics and the physical sciences (chemistry, physics)
followed by courses focusing on forest trees and their requirements, the basic ecological principles that
shape forest ecosystems, and the management of these ecosystems. Other required courses introduce
students to the identification and impact of biological agents of disease and physical damage, and to the
methods by which these are monitored. The flexibility of the major will permit students to pursue more
intensive training in integral forest health specialties, such as forest pathology and forest entomology, or
to obtain even broader knowledge in related fields such as forestry, microbiology, mycology,
conservation biology, and ecology. Field experience is an important element of the program and is
integral to several required courses and many of the directed electives.
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Results of Prior Assessment
Formal learning outcomes were established in 2008, so this cycle represents the first formal assessment of
those learning outcomes. The following curricular changes were established beginning in 2008 based on
previous, unstructured assessments involving faculty discussions and feedback from students.
1. The addition of an internship/research experience (EFB 420/498). In 2008 it was believed that two
important experiences would significantly improve the Forest Health program; each type having been a
successful part of other specialized majors in the department. The first was to add a requirement of a
professional-level independent study consisting of either an outside internship (EFB 420) or an internal
research experience (EFB 498). EFB 420 may consist of a field or lab-oriented internship designed to
provide students with a real–world work experience in forest health with private industry, NGO, or
government agency. EFB 498 may consist of a field or lab-oriented research experience designed to
provide students with an opportunity to conduct research in forest health. Credit for such courses is
variable, according to the individual experience.
2. The addition of a senior synthesis seminar (EFB 494, one credit). The second professional
capstone-type of experience added to the curriculum in 2008 was a 1-credit senior synthesis seminar.
This seminar was developed to afford graduating seniors the opportunity to prepare and present the
outcomes of their internship or independent research experience as a written report and public oral
presentation. Students report on their professional experiences in a manner that integrates the experience
with their coursework to address a current problem in forest health. The second component of the
synthesis seminar is to answer a set of questions (survey/exam) designed by the forest health faculty to
assess the students’ basic knowledge and skill set in forest health after completion of the program. This
survey is an integral component of the current assessment plan.
3. The addition of Forest Health Monitoring (EFB 439). Much effort is expended by the USDA Forest
Service to monitor the health of the nation’s forests. Therefore, any academic program in forest health
should train its students in this activity. EFB 439 was made a core requirement in 2010.
4. Other small adjustments have been made to the curriculum. Various circumstances—including
new course offerings, deletion of previously existing courses, changing course schedules, and adjustments
necessitated by other curricular changes—have required that we regularly review the course offerings in
our directed elective categories. Changes in 2008 included: moving EFB 439 to the core from the
directed elective ‘technology’ category (see above); shifting Calculus I (APM 105) from the core to the
‘Math/Phy. Sci.’ directed elective category; moving Cell Biology (EFB 325) from the core to the
‘Anatomy/Physiology’ category; and adding Invertebrate Zoology (EFB 355) to the ‘biodiversity’
category.

2008 Assessment Plan
The assessment plan for the Forest Health major was established in 2008 and is outlined in Table 10.
The specific learning outcomes are presented below, along with discussion of the core courses where the
objectives are addressed within the program, and description of how the outcomes have been assessed
within the program.
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Table 10. Forest Health Assessment Plan, established 2008 (J.D. Castello, S.A. Teale, D. Parry, W.A. Powell,
M. Fierke, L. Abrahamson).
Learning Outcome
Where
How Assessed2
Assessment
Response to
(what students should
Addressed in the
Results
Results
be able to do)
(see following
(see following
Program1
narrative)
narrative)
1. Communicate
knowledge and ideas
effectively orally and in
writing.

CLL190, 290, EFB202,
EFB 345, EFB
351/352, EFB 494,
FOR 321

2. Show proficiency, skill,
and professionalism in
group efforts.

EFB 202, EFB 345,
EFB 351/352, FOR
321, FOR 345

3. Use applied
mathematics to interpret
and judge the merits of
math-related issues in
their profession, and in
daily life.
4. Apply knowledge of
physical science
(chemistry, physics) to
understand issues in their
profession, and in daily
life.
5. Apply knowledge of
biology at molecular,
cellular, organismal, and
ecosystem levels, to
understand issues in their
profession, and in daily
life.

6. Pose biological
questions and evaluate
possible answers in a
“real-world” setting,
through the
implementation of
scientific methods:
observations,
experimentation, and
hypothesis testing.
7. Apply knowledge of
the past to recognize
present & future threats to
the world’s forests.
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A. Performance in CLL190
and CLL290 (for evaluating
writing in general) as indicated
by mean of final grades
B. Mean of performances in
oral presentations in EFB 202
and 345.
C. Performance in oral
presentation in EFB 494(senior
seminar in FH)
A. Performance in group-effort
components of EFB 202
B. Performance in group-effort
components of EFB 345

These assessment
methods will be applied
to students for the first
time in the 2009.

APM 391,EFB 345,
EFB 494, FOR 321,
PHY 101, Directed
Elective in
Math/Physical Science.

A. Performance of FH students
in APM 391, as indicated by
final grade distribution.
B. Embedded components of
comprehensive survey in EFB
494.

As in 1.

As in 1.

FCH 150-153, FCH
210, PHY 101,
Directed Electives
(For/Wood Products
and Math/Physical
Sciences)

A. Performance of FH students
in PHY 101, FCH 150-153,
FCH 210 as indicated by mean
of final grades
B. Embedded components of
comprehensive survey in EFB
494.
A. Performance in applying
general biological knowledge to
independent study: EFB
420/498.
B. Embedded components of
comprehensive survey in EFB
494
C. Performance in senior
seminar component of EFB 494
as related to this outcome

As in 1.

As in 1.

As in 1.

As in 1.

EFB 202, EFB 345,
EFB 420/498, EFB
494, FOR 321,
Directed Elective in
Ecology/Env. Science,.

A. Mean of performance in
hypothesis-testing components
of laboratory/practicum
courses: EFB 102, EFB 104,
EFB 202 EFB 308.
B. Performance in hypothesistesting component of
independent study course: EFB
420/498.

As in 1.

As in 1.

EFB 340, EFB
351/352, EFB 439,
FOR 321; Directed
electives (For.
Prot./Con. Bio,
For./Wood Products)

A. Performance in EFB 340,
345 and 351/352 as indicated
by mean of final grades
B. Performance in applying
historical forest health
knowledge to independent
study: EFB 420/498.
C. Performance in EFB 494
senior seminar and
comprehensive survey

As in 1.

As in 1.

EFB 303, EFB 307,
EFB 308, EFB 320,
EFB 336, Directed
Electives (For.
Prot./Con. Bio,,
Technology, Ecol/Env.
Sci., Biodiversity, &
Anat/Physiology).

Revised performance
tracking in the relevant
courses.

As in 1.
As in 1.
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8. Integrate basic
concepts & skills to
diagnose & manage forest
health problems.

EFB 340, EFB 345,
EFB 351/352, EFB
439, EFB 494, FOR
321, Directed Elective
in Forest
Prot./Conserv. Bio)

A. Overall performance in EFB
340, 345, 351/352 as indicated
by mean of final grades.
B. Performance in integrating
skills in independent study: EFB
420/498.

As in 1.

As in 1.

9. Demonstrate
proficiency in the skills
utilized by practicing
forest health specialists
including: geospatial
skills; data management
and analysis; establish
sampling sites; monitor
forest health; tree, pest, &
pathogen recognition;
aseptic transfer & culture
of microorganisms;
standard forestry practices
& techniques.

EFB 202, EFB 303,
EFB 336, EFB 340,
EFB 345, EFB
351/352EFB 439, FOR
321, FOR 345,
Directed Elective in
Forestry/Wood
Products.

A. Distribution of mean final
grades in courses focused on
technical skills: EFB 202, EFB
345, EFB 439, FOR 321.
B. Performance in applying
relevant skills in independent
study: EFB 420/498.
C. Performance on skill-related
aspects of EFB 494 senior
seminar and comprehensive
survey

As in 1.

As in 1.

Changes Instituted to 2008 Assessment Plan during this Cycle
Learning Objective 2. Removed FOR 321, FOR345, EFB 351, EFB 325 from contributing coursework
list.
Learning Objective 3. Data were not gathered from EFB 494 to assess higher math skills. This will
remain for future assessments.
Learning Objective 5. Assessment data for EFB 420/498 projects, EFB494 final survey and exam, and
EFB494 final presentation grade have been averaged rather than presented individually.
Learning Objective 6. Introductory Biology laboratories EFB 102/104 should probably not be used for
assessing these skills. These have been removed. Student grades for hypothesis-centered laboratory
reports in EFB308, and students’ internship/independent research project reports are averaged for this
metric and will be used in future assessments.
Learning Objective 7. The final grades for FH students in EFB 340, EFB 345, EFB 351/352 and EFB
494 have been averaged.
Learning Objective 8b. This assessment uses student performance in EFB 494 (Sr. Synthesis)
exam/survey rather than 420/498.
Learning Objective 9. FH student grades for assignments from EFB 303, 351/352 and 498 were averaged
into one synthetic score.
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Forest Health Core Curriculum
The Forest Health core curriculum is differentiated by a number of courses intended to give students a
broad, solid background in the chemical, physical and biological aspects of forest health, as well as
insight to forest management, and proficiency in laboratory and field-based skills. The core sequence of
courses unique to this major include Introductory Environmental Microbiology (EFB 303), Dendrology
(EFB 336), Forest & Shade Tree Pathology (EFB 340), Forest Health (EFB 345, field-based at Cranberry
Lake Biological Station), Forest Entomology or Elements of Entomology (EFB 351/352), Professional
Internship (EFB 420) or Independent Research (EFB 498), Forest Health Monitoring (EFB 439, fieldbased during Maymester), Senior Synthesis (EFB 494), Forest Ecology and Silviculture (FOR 321) and
Introductory Soils (FOR 345).

Forest Health Directed Electives
Directed electives enable students to customize their educational experience. Students are required to
complete 15 elective credit hours, including at least one course from five of the following seven
categories. Our logic for these elective areas of study follows.
I.

J.

K.

L.
M.

N.
O.

Forest Protection and Conservation Biology –Students require conceptual background in common
forest threats such as excessive herbivory by wildlife and biological interactions associated with
the invasive forest species.
Forest/Wood Products – Forest health includes applied aspects of management, which must be
considered in the context of the forest products industry. Students must be proficient in forest
mensuration, and well-grounded in silviculture and management, tree improvement, and urban
forestry to interact with forest health professionals.
Technology – Forest health professionals must apply higher-level skills and background in
specific areas such as geospatial methods and laboratory techniques for pathogen culture,
molecular biology and plant tissue culture.
Ecology and Environmental Science – Working forest health professionals should have solid
understanding of interspecific interactions and ecosystem-level processes in forest science.
Biodiversity – Similar to other EFB majors, Forest Health students are expected to develop a
command for organismal diversity by completing the Diversity of Life I & II sequence, and
taking three courses within the core curriculum that meet departmental expectations for diversity
study (microbiology, dendrology, entomology). This directed elective provides student with the
opportunity to complete at least one more class in organismal diversity.
Mathematics and Physical Science - Students should acquire solid understanding of higher math
and physical science.
Anatomy and Physiology – Students acquire and be able to apply and synthesize basic
understandings of organismal physiological process as a foundation to understanding pathology
and invasiveness.
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Learning Outcome 1. Communicate knowledge and ideas effectively orally and in writing.
•
•
•

•
•
•

Where addressed in Forest Health curriculum
EWP 190 – Introductory writing course.
EWP 290 – A second course in writing.
EFB 202 - Students prepare and deliver a 20-minute research seminar summarizing findings of a
field-based group research project. Students are graded as a group and work with students of
other majors. Therefore this metric better reflects EFB students as a whole rather than solely
Forest Health students.
EFB 345 – Students prepare and deliver a written report and oral presentation of their field
exercise.
EFB 351/352 – Students collect and analyze a common data set and prepare individual reports of
results. EFB 494 - Students prepare a written report and oral presentation of their professional
experience (420) or independent research (498) experience.
FOR 321 – Students prepare written laboratory reports.

How assessed
A. Distribution of averaged final grades of FH students in CLL 190 and CLL 290 (i.e., EWP 190
and 290)
B. Distribution of averaged oral presentation assignment grades of FH students in EFB 202, EFB
345 and EFB 494.
Assessment Results
A. Writing Courses Final Grades
Average final grades of FH students in CLL 190 and CLL 290. Target: 80% of students
(n=10) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
50%

50%

0%

0%

B. Oral Presentations
Distribution of averaged oral presentation assignment grades of FH students in EFB 202,
EFB 345 and EFB 494. Target: 80% of students (n=22) will meet or exceed expectations
(≥73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
68%

32%

0%

0%

Discussion
100% of our students (n=10 to 22) met or exceeded our standard for this outcome. Although the
number of students evaluated is not high, they had no trouble fulfilling the goals of the major for
this objective.
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Learning Objective 2. Show proficiency, skill, and professionalism in group efforts.

•
•

Where addressed in Forest Health curriculum
EFB 202 – Students participate in a one week-long group field-based group research project.
Skill and professionalism in group work is assessed through reciprocal peer review.
EFB 345 – Forest Health – group project to sample, and describe forest health conditions at
Cranberry Lake.
How assessed
A. Distribution of averaged group effort grades of FH students in EFB 202 and EFB 345.

Assessment Results
A. Group Effort Grades
Distribution of averaged group effort grades of FH students in EFB 202, EFB 345 and EFB
321. Target: 80% of students (n=19) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
68%

32%

0%

0%

Discussion
100% of our students (n=19) met or exceeded our standard for this objective. The courses
used to assess this outcome are among the most rigorous on campus, and do an excellent job
of preparing our students in this regard.
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Learning Objective 3. Use applied mathematics to interpret and judge the merits of mathrelated issues in their profession, and in daily life.

•
•
•
•
•

Where addressed in Forest Health curriculum
APM 391 – Introduction to Probability and Statistics – Students learn theory and application of
basic descriptive and inferential statistics.
EFB 345 – Forest Health - apply basic statistics to analyze data and draw inferences on group
project.
EFB 494 – Sr. Synthesis – students analyze data using appropriate statistical techniques.
FOR 321- Students gather and analyze field data for report preparation.
Directed Elective in Math/Physical Science

How assessed
A. Final grade distribution of FH students in APM 391.
B. Embedded components of comprehensive survey in EFB 494.

Assessment Results
A. APM391 Final Grade Distribution
Final grade distribution of FH students in APM391. Target: 80% of students (n=n) will meet
or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
33%

56%

11%

0%

89% of our students (n=9) met or exceeded the standard. We conclude that our students are
receiving the appropriate math-related skills they need for use in their professional and daily
lives, although n is quite low
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Learning Objective 4. Apply knowledge of physical science (chemistry, physics) to understand
issues in their profession, and in daily life.
•
•
•
•
•
•
•

Where addressed in Forest Health curriculum
FCH 150 - General Chemistry I Lecture
FCH 151 – General Chemistry I Laboratory
FCH 152 – General Chemistry II Lecture
FCH 153 – General Chemistry II Laboratory
FCH 210 – Elements of Organic Chemistry
EFB200 – Phyics of Life
Directed Electives (For/Wood Products and Math/Physical Sciences)
How assessed
A. Distribution of averaged final grades of FH students in EFB200, FCH150-153, FCH210.
B. Embedded components of comprehensive survey in EFB 494.

Assessment Results
A. Final Grade Distribution
Distribution of averaged final grades of FH students in EFB200, FCH150-153, FCH210.
Target: 80% of students (n=32) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
9%

59%

19%

13%

Discussion
68% of our students (n=32) met or exceeded the standard that we set for this outcome. Some
of the courses (PHY 101, FCH 150-153, FCH 210) used to assess this objective are
historically among the most difficult for biology students. We are pleased that 68% of our
students have met or exceeded this standard.
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Learning Objective 5. Apply knowledge of biology at molecular, cellular, organismal, and
ecosystem levels, to understand issues in their profession, and in daily life.
•
•
•
•
•
•

Where addressed in Forest Health curriculum:
EFB 303 – Microbiology
EFB 307 – Genetics Lecture
EFB 308 – Genetics Laboratory
EFB 320 – General Ecology
EFB 336 - Dendrology
Directed Electives (Forest Protection/Conservation Biology Technology, Ecology/Environmental
Science, Biodiversity, Anatomy/Physiology).

How assessed
A. Distribution of averaged grades for FH students in EFB420/498 project, EFB497 final test and
EFB497 final grade.

Assessment Results
A. Grade Distributions and Performance in Senior Seminar Component
Distribution of averaged grades for FH students in EFB420/498 project, EFB494 final test
and EFB494 final grade. Target: 80% of students (n=16) will meet or exceed expectations (≥
73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
19%

50%

25%

6%

Discussion
69% of our students (n= 15) met our standard of 80% for this objective. We believe that this is
attributable to the fact that many of this cadre of students had not taken the EFB biology series
(EFB 101-104) because it was not offered in the early years of the major. We believe that student
grades in subsequent EFB courses would have been higher had biology been available to them.
This course is critical to the education of all our students. We will work to insure that all new and
continuing students in the major take this course sequence.

Forest Health

126

Learning Objective 6. Pose biological questions and evaluate possible answers in a “realworld” setting, through the implementation of scientific methods: observations,
experimentation, and hypothesis testing.

•
•
•
•
•

Where addressed in Forest Health curriculum
EFB 202 – This course includes instruction on experimental design, practical field sampling
skills, and application of the scientific method in a week-long group research project.
EFB 345 – (Forest health) group research project
EFB 420/498 – Professional Internship or Independent Research – students engage in experiential
learning through internships or independent research projects.
EFB 494 – Students prepare a written report and oral presentation on their 420/498 experience.
Directed Elective in Ecology/Env. Science
How assessed

A. Distribution of averaged grades for FH students in hypothesis testing components of EFB102,
EFB104, EFB202, EFB308 and EFB420/498. (EFB202 only used in this assessment.)

Assessment Results
A. Hypothesis Testing
Distribution of averaged grades for FH students in hypothesis testing components of EFB 102,
EFB 104, EFB 202, EFB 308 and EFB 420/498. Target: 80% of students (n=13) will meet or
exceed expectations
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
23%

69%

8%

0%

Discussion
92% of our students (n=13) have met the standards set for this objective. We believe that the
students in this major have been well trained in the use of the scientific method.
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Learning Objective 7. Apply knowledge of the past to recognize present & future threats to
the world’s forests.

•
•
•
•
•

Where addressed in Forest Health curriculum
EFB 340 - Forest Health – topics of forest disease, invasive pests, poor management practices,
abiotic stressors introduced in this class.
EFB 351/352 - Entomology – topics include forest insect pests.
EFB 439 - Forest Health Monitoring - topics of forest disease, invasive pests, poor management
practices, abiotic stressors introduced in this class.
FOR 321 - Forest Ecology and Silviculture – students are introduced to sustainable forest
management practices and learn consequences of poor past and current management.
Directed electives (For. Prot./Con. Bio, For./Wood Products)
How assessed
A. Distribution of averaged final grades for FH students in EFB 340, EFB 345, EFB 351/352,
EFB 497.

Assessment Results:
A. Final Grade Distributions
Distribution of averaged final grades for FH students in EFB 340, EFB 345, EFB 351/352,
EFB 497. Target: 80% of students (n=33) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
36%

58%

0%

6%

Discussion
94% of our students (n=33) have met or exceeded our standards for this learning outcome. We
have prepared our students well to address the threats to our forest resource.
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Learning Objective 8. Integrate basic concepts & skills to diagnose & manage forest health
problems.
•
•
•
•
•
•
•

Where addressed in Forest Health curriculum:
EFB 340 –Forest Pathology – students learn to identify common and emerging forest diseases.
EFB 345 - Forest Health – students learn to recognize common and emerging forest threats in the
field, including diseases, insects, and non-sustainable forest management.
EFB 351/352 - students learn to identify common and emerging forest insect pests.
EFB 439 – Forest Health Monitoring – Students engage in field identification and quantification
of insect pests and diseases.
EFB 494 – Sr. Synthesis – students present results of 420/498 experiences.
FOR 321 – Forest Ecology and Silviculture - students observe and identify outcomes of common
forest management practices.
Directed Elective in Forest Prot./Conserv. Bio)
How assessed
A. Distribution of averaged grades for FH students on EFB 345 field quiz, EFB 351/352 insect
collection, EFB 340 quiz grades and disease collection, and EFB494 diagnostic component of
final exam.

Assessment Results
A. Forest health diagnoses
Distribution of averaged grades for FH students on EFB 345 field quiz, EFB 351/352 insect
collection, EFB 340 quiz grades and disease collection, and EFB 494 diagnostic component
of final exam. Target: 80% of students (n=31) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
29%

48%

23%

0%

Discussion
77% (n=31) of our students assessed have met or exceeded the standard for this objective. We
are close to the 80% standard that we set, and do not perceive that changes are needed at this
time.
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Learning Objective 9. Demonstrate proficiency in the skills utilized by practicing forest health
specialists including: geospatial skills; data management and analysis; establish sampling
sites; monitor forest health; tree, pest, & pathogen recognition; aseptic transfer & culture of
microorganisms; standard forestry practices & techniques.
•
•
•
•
•
•
•
•
•
•

Where addressed in Forest Health curriculum:
EFB 202 -Ecological Monitoring and Biodiversity Assessment – Students are introduced to
orienteering and map reading skills; field data collection, management and basic statistical
analyses; and forest vegetation sampling techniques.
EFB 303 - Intro Microbiology – Students acquire skills in aseptic transfer and microbial culture
techniques
EFB 336 - Dendrology – Students acquire skills in field identification of trees and understanding
of their life history characteristics
EFB 340 - Forest & Shade Tree Pathology – Students learn to identify common tree pathogens.
EFB 345 - Forest Health – Students learn field identification of common forest pests and
pathogens, and develop proficiency in forest monitoring techniques and field quantification of
pests and pathogens.
EFB 351/352 - Forest Entomology/Elements of Entomology – These courses develop student
skills in field identification of insects, with a special emphasis on insect pests in EFB351.
EFB 439 -Forest Health Monitoring – Students develop proficiency in field sampling techniques
required to describe and quantify a variety of forest health issues.
FOR 321 - Forest Ecology and Silviculture – Students are introduced to standard silvicultural
practices and how they influence structure, composition and function of forest ecosystems.
FOR 345 - Introductory Soils – Students are introduced to basic principles of soil science in order
to understand interactions of soils, trees and pests/pathogens.
Directed Elective in Forestry/Wood Products – These courses address the interface of forest
health and management in the context of the forest products industry, tree improvement and
urban forestry.
How assessed
A. Distribution of averaged grades for FH students in EFB 202 technical component, EFB 303
laboratory component, and EFB 351/352 and EFB 439 final grades.

Assessment Results
A. Final Grade Distribution
Distribution of averaged grades for FH students in EFB 202 technical component, EFB 303
laboratory component, and EFB 351/352 and EFB 439 final grades. Target: 80% of students
(n=27) will meet or exceed expectations (≥ 73).
Exceeds
Meets
Approaches
Does Not Meet
Standard
Standard
Standard
Standard
≥ 87
73-86
60-72
<60
33%
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The majority of our students (96%, n=27) met this standard, but the FH faculty recognize that
a modified approach to measuring student learning of these skills needs to be implemented in
order to better assess instruction. The combined metric did not provide clear information
regarding student command for the individual skill sets that the FH faculty believe vital for
forest health professionals. The modified assessment plan more clearly separates the
following skills to assess them individually:
- Geospatial
- Data management and analysis
- Forest sampling techniques
- Tree pest and pathogen identification (this has been removed since it is redundant
with Objective 7)
- Aseptic transfer and culture of microorganisms
- Standard forestry practices & techniques
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Conclusions
The faculty of the Forest Health major believe that the program has met or exceeded the standards we set
for assessing six of the nine learning outcomes, and barely missed the mark in one learning outcome of
the forest health major. The number of students for which learning outcome 5 was assessed was very low,
so it may not have provided a statistically valid assessment result. In addition, many students of that cadre
of students did not have the opportunity to take the EFB biology sequence.
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Proposed Changes for Future Assessment
Modifications to the Forest Health assessment plan are summarized in Table 11.
Learning Objective 1. Oral and written communication skills. Adjustments have been made to acquire
student performance data on technical laboratory reports that they prepare for EFB 320 (Ecology), EFB
308 (Genetics Laboratory), EFB 494 (Sr. Synthesis) and all upper-division EFB elective courses that
they take.
Learning Objective 5. Apply knowledge of molecular, cellular, organismal and ecosystem-level biology.
This objective will be assessed using (A) embedded questions in the Senior Synthesis (EFB494) exam
related to biological knowledge at different levels of organization; and (B) averaged final grades for
Microbiology (EFB303), Genetics Lecture (EFB 307) and Ecology (EFB 320) and the
Anatomy/Physiology directed elective requirement.
Learning Objective 6. Implement scientific method. Introductory Biology laboratories EFB 102/104
should probably not be used for assessing these skills. These have been removed. The new assessment
plan for this learning objective will be based on student performance on hypothesis-centered lab reports in
EFB 308, 420/498 and other upper-division EFB courses that include these technical writing components.
Learning Objective 8. Diagnose and manage forest problems – The new assessment will use the
distribution of average FH student scores on the following exercises:
- field quiz grades in EFB 345 to show ability to diagnose forest diseases and pests
- insect collections in EFB 351/352 (Entomology courses)
- quizzes and collections in EFB 340 (Forest Pathology)
- written and oral exam in EFB 494 (Sr. Synthesis).
Learning Objective 9. Demonstrate skills of forest health specialists. –The new assessment will include
separate measures of the following skills:
-

A. Geospatial: average FH student grades of EFB 202 field orientation module and final
grade in ESF300 (Intro GIT, a technology directed elective)

-

B. Data collection and management: The FH faculty will consider making ESF 300
(Geographic Info Techniques) a core requirement to replace EFB 439 (Forest Health
Monitoring), which would be retained as a Forest Protection & Conservation Biology
directed elective. The measure would include distribution of averaged FH student grades for:
o ESF 300 (Intro GIT) final grade (either retained as directed elective or as core
requirement)
o Field sampling and data management component of EFB 345 (Forest Health)
o Field sampling and data management component of EFB 439 (either retained as core
requirement or as directed elective)
o Assessment of data collection and management components of EFB 420/498
(Internship/Independent Research) reports and ability to describe methods for study
designs through EFB 494 (Sr. Synthesis) exam/survey

-

C. Application of aseptic/microbial techniques – student performance on EFB 303
(microbiology) laboratory proficiency examination

Forest Health

133

-

D. Standard forestry practices and technques – assess abilities of students to describe
techniques in oral and written component of EFB 494 (Sr. Synthesis) exam/survey.

Forest Health

134

Table 11. Modified Forest Health Assessment Plan, July 2015 (J.D. Castello, G. McGee, S.A. Teale).
Learning Outcome
Where addressed in
How assessed
program
1. Communicate knowledge and
ideas effectively orally and in
writing.

EWP190, 290, EFB202, EFB 345,
EFB 351/352, EFB 497, FOR 321

A. Distribution of averaged final grades in EWP190/290.
B. Distribution of grades on EFB494 oral presentation.
C. Distribution of averaged grades for technical laboratory reports
in EFB320 and EFB308.
D. Distribution of averaged grades for technical laboratory reports
in upper-division EFB directed electives.
Distribution of averaged FH grades for group work exercises in
EFB202, EFB308 and EFB345

2. Show proficiency, skill, and
professionalism in group efforts.

EFB 202, EFB 345, EFB 351/352,
FOR 321, FOR 345

3. Use applied mathematics to
interpret and judge the merits of
math-related issues in their
profession, and in daily life.

APM 391,EFB 345, EFB 497, FOR
321, PHY 101, Directed Elective in
Math/Physical Science.

A. Distribution of FH student final grades in APM391.

4. Apply knowledge of physical
science (chemistry, physics) to
understand issues in their
profession, and in daily life.

FCH 150-153, FCH 210, PHY 101,
Directed Electives (For/Wood
Products and Math/Physical
Sciences)

Averaged final grade distribution of FH students for EFB200,
FCH150, FCH151, FCH152, FCH153, FCH210.

5. Apply knowledge of biology at
molecular, cellular, organismal, and
ecosystem levels, to understand
issues in their profession, and in
daily life.

EFB 303, EFB 307, EFB 308, EFB
320, EFB 336, Directed Electives
(For. Prot./Con. Bio,, Technology,
Ecol/Env. Sci., Biodiversity, &
Anat/Physiology).

A. Distribution of FH students on embedded questions within
EFB494 written and oral exam.

6. Pose biological questions and
evaluate possible answers in a
“real-world” setting, through the
implementation of scientific
methods: observations,
experimentation, and hypothesis
testing.

EFB 202, EFB 345, EFB 420/498,
EFB 497, FOR 321, Directed
Elective in Ecology/Env. Science,.

A. Distribution of average student grades on hypothesis-centered
laboratory reports in EFB308 and EFB320

7. Apply knowledge of the past to
recognize present & future threats
to the world’s forests.

EFB 340, EFB 351/352, EFB 439,
FOR 321; Directed electives (For.
Prot./Con. Bio, For./Wood
Products)

8. Integrate basic concepts & skills
to diagnose & manage forest health
problems.

EFB 340, EFB 345, EFB 351/352,
EFB 439, EFB 497, FOR 321,
Directed Elective in Forest
Prot./Conserv. Bio)

9. Demonstrate proficiency in the
skills utilized by practicing forest
health specialists including:
geospatial skills; data management
and analysis; establish sampling
sites; monitor forest health; aseptic
transfer & culture of
microorganisms; standard forestry
practices & techniques.

EFB 202, EFB 303, EFB 336, EFB
340, EFB 345, EFB 351/352EFB
439, FOR 321, FOR 345, Directed
Elective in Forestry/Wood
Products.

B. Distribution of FH student performance on embedded questions
in EFB494 exam/survey.

B. Distribution of averaged final grades in EFB303, 307, 320 and
anatomy/physiology directed elective.

B. Distribution of average student grades on laboratory reports in
other upper-division EFB courses
C. Distribution of student grades on written report for
EFB420/498.
A. Distribution of average final grades in EFB340, 345, 351, 352.
B. Distribution of grades on embedded questions in EFB494
exam/survey related to understanding of current and emerging
forest health issues.
A. Distribution of grades for EFB345 field quizzes, EFB351/352
insect collections, and EFB340 quizzes and pathology collections.
B. Distribution of grades on embedded EFB494 written and oral
exam questions related to pest and pathogen identification
A. Distribution of average student grades in EFB202 field
orientation module.
B. Distribution of average student grades in ESF300 final grade,
field sampling and data management components of EFB345 and
EFB439, and assessment of data collection and management
components of internships/independent study as determined by
exam/survey in Senior Syntheis (EFB494).
C. Student performance in EFB303 laboratory proficiency exam.
D. Student performance on embedded questions in EFB494 exam
related to forest management and techniques.
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Wildlife Science
Assessment Team
Jacqueline Frair, Curriculum Coordinator, Associate Professor
Jonathan Cohen, Assistant Professor
Shannon Farrell, Assistant Professor

Executive Summary
Learning outcomes and assessment criteria for the Wildlife Science major at SUNY ESF were established
in 2008. Data were acquired from at least 159 undergraduates enrolled in the wildlife science program
between 2009-2012. The assessment target was for 80% of students to meet or exceed the standards,
which was to achieve a grade of C or better, for each of several criteria used to assess each of eight
learning outcomes.
The distribution of student grades indicated that our targets were met, and most often greatly exceeded,
indicating that the wildlife science program is being delivered effectively. However, the team felt the
assessment tool lacked specificity in particular areas of interest, such as knowledge of processes rather
than application of that knowledge, and several refinements have been suggested for the next assessment
period including a revised set of learning outcomes and more focus on specific course elements (section
quizzes, lab assignments, section practicals, and term projects) rather than overall course grades. In
addition, the team has designed an exit exam for wildlife majors to more effectively test the retention of
knowledge in key areas as well as the synthesis of knowledge from different programmatic areas.
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2008 Assessment Plan
Table 12. Wildlife Science assessment plan, 2008, by Guy Baldassarre (Curriculum
Coordinator), William Porter, Jacqueline Frair and Jesse Brunner.
Learning Outcome
1. Demonstrate a knowledge of
physical science (chemistry,
physics) and apply that
knowledge to wildlife biology.

Where Addressed in the Program
FCH 150/151, FCH 152/153,
PHY 101, EFB 320, EFB 462,
Field Experience Elective

How Assessed
A. Distribution of mean performance of
WS students in FCH 150-153 and PHY
101, as measured by final grades.
B. Performance in habitat suitability lab
in EFB 491

2. Identify birds, mammals,
reptiles, invertebrates, and plants
from field and museum
specimens, and demonstrate an
understanding of their natural
history.

EFB 202, EFB 320, EFB 491, EFB
493, Field Experience, Diversity
Electives (vertebrae, invertebrate,
plant diversity)

A. Distribution of mean performance of
WS students in vertebrate diversity and
plant diversity directed-elective courses.
B. Final project grade in EFB 202.

3. Explain and predict wildlife
habitat requirements and
population dynamics, and their
drivers of change, especially in
relation to human activities.

EFB 320, EFB 390, EFB 462, EFB
491, EFB 493, ESF 300

A. Distribution of mean performance of
WS students in EFB 390, as measured by
final grade.
B. Performance in habitat suitability
exercise in EFB 493.

4. Assess habitat quality and
animal populations by means of
scientific surveys, statistics, and
other quantitative methods.

EFB 202, EFB 320, EFB 491, EFB
493, ESF 300, APM 391, Field
Experience Elective

A. Performance in EFB 491, as
measured by final grade.
B. Performance in EFB 493 team
project.

5. Communicate environmental
issues and research using
multiple avenues such as
journalism, technical writing,
public speaking, and
environmental interpretation.

EFB 120, EFB 320, EFB 390, EFB
491, EFB 493,
Field Experience Elective

A. Performance in recitation presentation
in EFB 390.
B. Distribution of mean grade from
written abstracts in EFB 491.

6. Interpret public policy and law
as they relate to conservation and
management of wildlife and
other natural resources.

EFB 120, EFB 390,
Policy Elective

A. Performance on embedded policy
question from EFB 390.
B. Performance of WS students in
policy directed elective, as measured by
final grade.

7. Interpret habitat assessment,
population modeling, and human
dimensions in wildlife
management planning.

EFB 390, EFB 491, EFB 493

A. Performance on management plan
exercise in EFB 493.
B. PVA exercise in EFB 491

8. Work effectively with others
in a team environment.

EFB 202, EFB 491, EFB 493

A. EFB 491 team project.
B. EFB 493 team project
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Wildlife Core and Directed Elective Courses
Wildlife Science is the application of ecological knowledge in a manner that strikes a balance between the
needs of wildlife and the needs of people. Our program focuses on the various challenges associated with
managing wildlife from endangered species to overabundant populations. The program recognizes and
accommodates the fact that wildlife scientists today work with all forms of wildlife including plants and
invertebrates, and the scope is becoming more international. The degree program prepares students for
careers with state and federal agencies, as well as an array of domestic and international private
organizations, or for continuing on for a graduate degree.
Students obtain a background in the basic sciences (math, chemistry, biology), and then learn the basic
ecological principles and evolutionary forces that affect wildlife and their habitats. Specialized
coursework, namely the wildlife core sequence (described below), then addresses the assessment and
management of wildlife resources. Students selectively gain specialization in certain taxonomic groups
and areas through directed elective choices (described below). The core curriculum, as well as the
directed electives, have been designed to help students achieve certification as an Associate Wildlife
Biologist through The Wildlife Society (TWS). However, while the TWS certification program has
heavily informed our curriculum, we have endeavored to meet a variety of student interests by keeping
the program flexible – as such, students completing our requirements alone do not meet the full
requirements for certification (they need to make wise choices for their directed electives and open
electives if seeking certification). This is an ongoing point of discussion within the curriculum, and future
curriculum changes may more directly reflect TWS standards.
To follow is a description of the core wildlife sequence as well as how these courses interrelate.
EFB 390 Wildlife Ecology and Management
Three hours of lecture and one hour of recitation per week. A study of the ecological principles
governing wild animal populations and their habitats, and the relationship of these principles to
management programs and decisions. Directed primarily toward students majoring in wildlife
science, conservation biology, and forest resources management. Fall. Prerequisite or corequisite: General ecology.
In this course, students learn about the breadth of issues facing wildlife, what drives changes in
animal populations and their habitats, the policies governing resource management authorities,
the major tools used in the management of wildlife populations, and the complex decision-making
process involved in wildlife management. This course introduces the major concepts built upon
by the next course in the sequence.

EFB 491 Applied Wildlife Science
Two hours of discussion and three hours of laboratory per week, plus a field project and
professional experience. Practical experience with tools used to monitor and manage wildlife
populations. Designed for biology students wishing to pursue careers as wildlife biologists.
Spring. Prerequisite: EFB 390.
In this course, each week students are challenged with a discrete wildlife problem – from
maintaining genetic diversity for an endangered species to setting harvest levels for game
species. Students use several major approaches, and related software tools, for the assessment
and modeling of wildlife populations so as to evaluate available data and make management
prescriptions. Students then design and complete a field study of a local wildlife population,
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applying the sampling and analytical principles they learn in class to a real-world situation.
Students also attend a professional wildlife conference. Through this course, students learn to
gather, interpret, and use scientific evidence in support of management decisions and to
communicate their investigations effectively.

EFB 493 Wildlife Habitats and Populations
Three hours of lecture/discussion and one three-hour laboratory per week; one Saturday field trip
required. Application of ecological concepts, including succession and population biology to
wildlife management planning and program assessment. Students are exposed to U.S. Fish and
Wildlife Service habitat evaluation procedures and fundamentals of population modeling. Fall.
Prerequisites: EFB 491 or permission of instructor.
In this capstone course, students are required to develop a management plan for a species of
interest. Students first develop a habitat suitability model for their species, which requires
translating nutritional, physiological, reproductive, and security needs of their species into
quantifiable metrics – a process that draws knowledge from basic biology courses, the physical
sciences, several field courses, and EFB 390. Students then design and conduct a field study to
quantify habitat quality – which requires the sampling and analytical skills developed in EFB 491
as well as geographic modeling skills. Using the knowledge gained in EFB 390 and EFB 491,
students identify realistic habitat management options, and then apply demographic modeling
(introduced in EFB 491 and extended in this class) to project populations under alternative
management scenarios. Students use their analytical skills and knowledge of wildlife management
(especially the pertinent laws and authorities) to rank management options in terms of their
efficacy in terms of achievability both in the field and with respect to the desired future condition
for the wildlife species. Ultimately, this work is presented as a comprehensive, professional
report.
Directed electives enable students to customize their educational experience. Our logic for these elective
areas of study follows.
Field Experience
An upper-division experience that enables students to translate classroom-based learning to field
application in terms of animal and plant identification, scientific surveys, and communication of
field-based enquiry. This experience may take the form of field courses, independent research
projects, internships and even summer jobs. We consider this important for building student
confidence and competence. While we require a field-intensive course early in their careers (EFB
202), the field elective is intended to give the students more scope in applying their knowledge
and learning from direct field experience, and many use it to also build professional experience
and networks.
Vertebrate Diversity
Provides both breadth and depth of knowledge required to identify terrestrial wildlife species and
understand their life history requirements. Represents an important component of TWS
educational standards specific to courses in the biology of birds, mammals, reptiles or
amphibians.
Plant Diversity and Ecology
Plants are an important component of habitat for all wildlife species – plant identification is
important for understanding food availability, physical structure is important for food and cover,
and changes in plant communities mean changes in habitat quality for wildlife. TWS educational
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standards require a heavy but broad training in botany (genetics, physiology, morphology,
taxonomy, even silviculture), with at least one course focused specifically on plant taxonomy.
We’ve selected elective courses that meet the taxonomy-centered course requirement.
Invertebrate Diversity
Invertebrates are an important food source for a variety of wildlife (e.g., waterfowl) and also
represent important wildlife pathogens. Course can be applied to meet the general zoology
requirements for TWS certification.
Policy
Knowledge of the policies, administration, and laws governing natural resource management are
required by wildlife professionals, and is a fundamental component of TWS educational
standards.
Structure and Function
This is a broad category, enabling students to gain more depth aligned with their personal
interests in the inner workings of animals and ecosystems – from cell biology, to animal
physiology, to wetland ecosystems. Several courses here also would count towards zoology
requirements for TWS certification.
Technical Skills
This section provides opportunities for students to develop specialized skill sets relative to their
particular interests, preparing them for the diverse skill sets required in the wildlife profession –
from molecular biology techniques to geospatial information technologies. These technical skills
will be drawn upon in specific lab exercises or the group projects to varying degree within the
core wildlife sequence. Although not formally a part of TWS certification, these skills are
important to practicing wildlife professionals.
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Assessment Results
Data were collected for this assessment over three academic years, from 2009-2012. Data acquisition was
complicated by faculty turnover during this period, with two of the primary wildlife courses (EFB 390
and EFB 493) taught by different instructors in different manners.

Learning Outcome 1: Demonstrate knowledge of physical science (chemistry, physics) and
apply that knowledge to wildlife biology.

A) Assessment Metric: Final grade distribution for WS students in FCH 150-153, PHY 101 (or EFB
200)
Sample size: 162 students
Assessment target: 80% will meet or exceed the standard
----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not Meeting
Standard
Standard
Standard
Standard
28
60
9
3

B) Assessment Metric: Performance in Habitat Suitability Lab in EFB 491
This lab evaluates the life requisites of gray squirrels – applying the U. S. Fish and Wildlife Service
habitat suitability model to two different patches of potential squirrel habitat near the ESF campus.
The model represents a translation of squirrel needs for survival (food and shelter from the elements)
and reproduction (suitable nesting cavities) into surrogate, quantitative metrics of the habitat (e.g.,
density and diversity of nut-producing trees) scaled from 0 (unsuitable) to 1 (optimal). Multiple
metrics combine into a single model representing a specific limiting factor (e.g., winter food).
Students then apply the model in the field to identify limiting factors for squirrels under different
landscape conditions. The squirrel model is used to introduce the concept and approach of habitat
suitability modeling, a skill set developed in more depth in EFB 493.
Sample size: 81 students
Assessment target: 80% will meet or exceed the standard
----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not Meeting
Standard
Standard
Standard
Standard
59
19
10
12

Wildlife Science

141

Discussion
The original targets were met by the first criteria and nearly met by the second. The assessment team
identified three problems with this learning objective and its assessment criteria:
1. The physical science courses, while required for the wildlife science major, are beyond the
control of the faculty teaching courses specific to the major.
2. The distribution of grades in the physical science courses themselves, taken early in the students
training program, do not directly assess the wildlife science major.
3. The learning outcome, while good in principle, is better addressed by the wildlife specific courses
through understanding species habitat needs, nutrition, etc.
The team has recommended removal of this particular learning objective in combination with refinements
made to later learning objectives to better assess student knowledge and abilities in this area. The habitat
suitability lab will still be included in our assessment, but under a modified learning objective to “Explain
wildlife habitat needs and assess habitat quality for wildlife by means of scientific surveys, statistics, and
other quantitative methods,” which we consider a more suitable aspect for evaluation. The timing,
delivery, and follow-up on this lab will be evaluated given that students nearly, but not completely, met
our target for success.
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Learning Outcome 2: Identify birds, mammals, reptiles, invertebrates, and plants from field
and museum specimens, and demonstrate an understanding of their natural history

A) Assessment Metric: Distribution of final grades for WS students in vertebrate diversity and plant
diversity directed-elective courses.
Sample size: 178 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
31
55
12
2

B) Assessment Metric: Distribution of field quiz scores for WS students in EFB 202.
Sample size: 74 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
58
36
5
0

Discussion
The targets were met as defined by the original criteria, and we know our students to perform well in
diversity centered coursework. However, the assessment team felt that overall course grades mask
knowledge of key taxonomic groups. Team recommended focusing assessment criteria on lab practicals
or section finals separately for birds, mammals, other vertebrate species, invertebrates, and plants. Team
also was concerned that coursework alone tests immediate recall ability, but not long-term integration and
retention of knowledge. Team recommends embedding taxonomic and identification questions into an
exit exam for seniors.
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Learning Outcome 3: Explain and predict wildlife habitat requirements and population
dynamics, and their drivers of change, especially in relation to human activities

A) Assessment Metric: Distribution of final course grades for WS students in EFB 390.
Sample size: 112 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
62
32
4
2

B) Assessment Metric: Distribution of habitat suitability exercise grades for WS students in EFB 493.
Sample size: 63 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
84
9
3
3

Discussion
Target met for original assessment criteria. Team felt this learning objective was redundant with learning
objective 7 and recommends merging the two for future assessment. Team also identified targeted
elements of courses, such as specific quizzes and labs focused exclusively on habitat evaluation, rather
than final course grades useful to assess this objective.
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Learning Outcome 4: Assess habitat quality and animal populations by means of scientific
surveys, statistics, and other quantitative methods.

A) Assessment Metric: Distribution of final grades in EFB 491.
Sample size: 126 students
Assessment target: 80% will meet or exceed the standard
----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
41
48
6
4

B) Assessment Metric: Team project grades in EFB 493.
The team project is the species management plan as described in the course description on page 5 of
this document. Final grade represents a culmination of scores from the oral presentation of the overall
plan as well as the quality of the content and presentation in the written plan itself.
Sample size: 63 students
Assessment target: 80% will meet or exceed the standard
:
----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
86
13
2
0

Discussion
Target achieved. Assessment team believed that lumping habitat and population assessments together
failed to evaluate student knowledge and abilities specific to each. Given our desire to strengthen training
in habitat assessment and management, team recommends splitting this learning objective into two parts
and has identified more project, or course-element, oriented assessment criteria to replace final course
grades and provide more detailed assessment data.
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Learning Outcome 5: Communicate environmental issues and research using multiple
avenues such as journalism, technical writing, public speaking, and environmental
interpretation.

A) Assessment Metric: Distribution of communication assignment grades for WS students in EFB 202,
EFB 390, and EFB 491.
Each of these courses requires an oral presentation of a student project.
Sample size: 131 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
41
47
9
2

Discussion
Objective met. Team recommended that what is assessed is communication of knowledge specific to the
WS major, and separately for oral and written communications. Also recommends focusing
communication of the type we are able to assess within major-specific courses. For example, we do not
have ability to assess their communication potential through journalism, but we can assess their writing
ability in terms of scientific abstracts associated with labs in EFB 491 and the written management plan
that students produce in EFB 493.
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Learning Outcome 6: Interpret public policy and law as they relate to conservation and
management of wildlife and other natural resources.

A) Assessment Metric: Distribution of final course grades for WS students in elective policy courses.
Sample size: 107 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
33
56
9
2

B) Assessment Metric: Grades on EFB 390 embedded policy question.
Sample size: 55 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
76
24
0
0

Discussion
Objective met. Specific policies, such as the Federal Aid in Wildlife Restoration, Endangered Species
Act, Lacey Act, and Migratory Bird Treaty Act are particularly important to the funding, authority, and
delivery of fish and wildlife management. We do not know what the “embedded policy question” was in
EFB 390 as taught by Guy Baldassarre,, but the course is no longer structured that way. Our team would
like to add assessment criteria specific to policies relevant to WS majors, and recommends exit exam.
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Learning Outcome 7: Interpret habitat assessment, population modeling, and human
dimensions in wildlife management planning.

A) Assessment Metric: Distribution of EFB 493 management plan grades.
This is the management plan produced for EFB 493 that is described on page 5 of this
document.
Sample size: 63 students
Assessment target: 80% will meet or exceed the standard

----------------------------------------Percentage of Students----------------------------------------

Exceeding
standard
86

Meeting
standard
13

Approaching
standard
2

Not meeting
standard
0

B) Assessment Metric: Distribution of PVA exercise grades in EFB 491.
This lab teaches how to evaluate the viability (probability of persistence) for a species
(penguin in Arctica) given expected climate changes (increasing frequency of El Niño events)
and uncertainty in population vital rates. This is a modeling exercise that helps students
evaluate the likely outcomes of a changing environment on a species and challenges them to
consider realistic management options – for example, they cannot directly change the
frequency of El Niño events although that most certainly would help the penguins.
Sample size: 86 students
Assessment target: 80% will meet or exceed the standard
----------------------------------------Percentage of Students----------------------------------------

Exceeding
standard
53

Meeting
standard
28

Approaching
standard
19

Not meeting
standard
0

Discussion
Objective met. Team felt this objective was focused on knowledge of the process (“interpret”)
rather than application ability. We have revised learning outcomes for future assessments that
separate knowledge of the process from application of that knowledge to management planning
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Learning Outcome 8: Work effectively with others in a team environment.

A) Assessment Metric: Distribution of team project grades for WS students in EFB 202, EFB 491, and
EFB 493.
Sample size: 134 students
Assessment target: 80% will meet or exceed the standard
----------------------------------------Percentage of Students---------------------------------------Exceeding
Meeting
Approaching
Not meeting
standard
standard
standard
standard
69
27
4
0

Discussion
Objective met based on original criteria. Team found this objective problematic, because while we expect
students to be able to work together in teams, and we require team projects, we do not specifically teach
students how to work together in teams despite much mentoring along the way. We do not believe this is
an aspect specific to the wildlife major. We anticipate that this objective will eventually be addressed
more properly through General Education assessment, and intend to remove it from future assessment
plans.
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Assessment Conclusions and Recommendations
Overall, students in the wildlife science major from 2009-2012 met the defined academic targets,
indicating that the curriculum (as defined through the original assessment criteria) is effectively training
wildlife scientists. Although the assessment team is confident that the wildlife science program is strong,
they believed that the assessment instrument needs to be refined. The team identified these key concerns:
•

•

•
•

Final course grades mask subject area knowledge and skills. For example, within our wildlifespecific courses, we desire to evaluate knowledge and abilities specific to wildlife habitat
separately from wildlife populations, but are unable to do so under the existing assessment plan.
Learning outcomes should focus on training specific to the wildlife science major. In particular,
the assessment should not rely on grades from physical science or communication courses outside
of our department but rather on specific elements within our wildlife courses that rely on applying
knowledge gained from these other courses in an informative way.
Reliance on course or even project-specific grades reflects short-term memory and recall ability
rather than long-term retention of knowledge.
The existing assessment focused more on student knowledge (of either facts or processes) rather
than on their abilities (to synthesize and apply knowledge).

The team identified several desired refinements to the learning outcomes, which can be seen in the
Revised Assessment Plan to follow and in summary involved:
•
•

•

•
•

Removal of original learning outcome one.
Splitting of original outcome 2 to separately evaluate taxonomic knowledge and identification
ability (now outcome 1) separately from natural history knowledge and field observation ability
(now outcome 2).
Merging of original outcomes 3 and 7, into new outcome 8 – and modify that outcome to focus
on ability (synthesizing different knowledge areas into a management plan) rather than
knowledge of process alone.
Splitting original outcome 4 into habitat (now outcome 4) versus population (now outcome 5)
areas.
Refining original outcome 5 (now outcome 6) to communication via technical writing and oral
communication which we can directly assess within our current core wildlife course sequence.

The team recommends revising the assessment criteria for each learning outcome to place greater
emphasis on course elements (specific lab or project grades, section exams) rather than overall course
grades, which is apparent in the Revised Assessment Plan to follow.
Finally, the team recommends, and is currently devising, an exit exam for graduating seniors to test the
long-term retention of knowledge and synthesis. The Revised Assessment Plan indicates where specific
sections of the exit exam will be applied towards assessment. We plan the exit exam to be delivered
during finals week to student enrolled in the capstone course (EFB 493), which itself does not have a final
exam. To ensure participation, 1 grade point will be applied for taking the exam and it will be made clear
to students that the exam is for assessment of the program and will not in any way be used to evaluate the
student. The first exam is being compiled by the team, but in the future questions may be solicited from
external sources, i.e., working professionals.
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Revised Assessment Plan
Table 13. Modified assessment plan, April 2015, by Jacquelin Frair (Curriculum Coordinator), Shannon
Farrell, Jonathon Cohen.

Learning outcome

Where addressed in
program

How assessed

1

Identify birds and mammals,
other vertebrate animals, and
plants from field and museum
specimens and demonstrate an
understanding of their natural
history

EFB 210, EFB 211, EFB
202
Animal diversity
electives: EFB 482, EFB
483, EFB 485, EFB 486
Plant diversity electives:
EFB 326, EFB 327, EFB
336, EFB 435, EFB 445

A. Averaged overall performance of Wildlife
students, as measured by final grade
distributions or embedded exam or lab practical
grades in the following diversity electives: EFB
482 and 483 (mammals and birds); EFB 485
and EFB 486 (other vertebrates); and
EFB326, 327, 336, 435, and 445 (plants).
B. Exit exam identification and natural history
questions

2

Demonstrate competency in the
practice of detailed and
accurate field observations

EFB 202, Diversity
electives: EFB 326, 327,
336, 435, 445, 482, 483,
485, 486
Field elective

A. 202 journal grade
B. 491 team project, data collection grade

3

Demonstrate knowledge of
ecological theory applied to
wildlife conservation

EFB 101/102, EFB 320,
EFB 390, EFB 491, EFB
493

A. 390 Exam I grade
B. 491 Embedded questions in Exam II
C. Exit exam theory questions

4

Explain wildlife habitat needs
and assess habitat quality for
wildlife by means of scientific
surveys, statistics, and other
quantitative methods

EFB 101/102, EFB
103/104, EFB 200, EFB
320, EFB 390, EFB 491,
EFB 493, ESF 300, EFB
385, EFB 480

A. 390 Quiz 1 grade or habitat section from
exam 1
B. 491 HSI lab grade
C. 493 Quiz 1 grade
D. Exit exam habitat questions

5

Assess the status of wildlife
populations by means of
scientific surveys, statistics, and
other quantitative methods

EFB 202, EFB 390, EFB
491, EFB 493

A. 491 Exam I grade
B. 491 Team project grade
C. Exit exam population questions

6

Explain population concepts
and demonstrate ability to
quantitatively model population
dynamics

EFB 390, EFB 491, EFB
493

A. 491 Embedded questions in Exam II
B. 493 Quiz 2 and 3 grades

7

Effectively communicate
wildlife issues and scientific
assessments through technical
writing and public speaking

EWP 190, EWP 290, EFB
320, EFB 390, EFB 491,
EFB 493

A. 390 Public speaking grade
B. 491 Abstract grade
C. 493 Final paper grade
D. 493 Individual grade on oral presentation

8

Interpret public policy and law
as they relate to conservation
and management of wildlife
and other natural resources

EFB 120, EFB 390
Policy elective

A. 390 Exam I policy section grade
B. 390 Project debate grade
C. Policy elective course grade
D. Exit exam policy questions

9

Synthesize habitat assessment,
population modeling, and
human dimensions into wildlife
management plans

EFB 491, EFB 493

A. 491 overall lab grade
B. 493 Exam grade
C. 493 Management plan grade
D. Exit exam management planning questions
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Explanation of specific assessment items
390 Quiz 1 grade or habitat section from exam 1
Quiz 1 and Exam 1 include questions on habitat definitions and the role and components of habitat,
species distributions, habitat use and selection, limiting factors
390 Exam I grade
This exam also includes questions addressing major ecological theories including niche theory,
competition theory, optimal foraging theory, etc.
390 Exam I policy section grade
Exam 1 also addresses the history of significant wildlife management policies, laws, regulations,
significant court cases and case law in the U.S. including game and non-game species, and threatened and
endangered species.
390 Public speaking grade
The course project is an oxford-style debate and final paper on a contemporary wildlife issue Students
work in small groups and each is expected to contribute to the public debate presentation. Students are
assessed on the public speaking delivery component (including clarity, professionalism, eye contact, etc.)
of the debate as well as the content.
390 Project debate grade
Students are required to consider the public policy and law that is relevant to the debate topic in their
assessment and argument. Students must research to find relevant policy or law, interpret and identify the
role with regard to their debate topic. All topics have public policy and law implications.
491 Exam I grade
This exam covers material on designing studies and interpreting data and estimating population vital rates
such as animal abundance, habitat occupancy, survival, and population growth rates.
491 Exam II grade
Covers material on monitoring and modeling changes in populations over time, matrix population models,
population connectivity and source-sink dynamics (metapopulations), and quantifying population
viability.
491 HSI lab grade
Assesses student ability to interpret and apply a published model of habitat suitability in the field to assess
habitat quality for gray squirrels.
491 Team Project
This project requires students to work in teams of 4-5 to complete a field study to estimate gray squirrel
abundance using distance sampling. Students must design their own study, applying the material learned
on sampling design and population estimation, complete the field work on their own, analyze and report
on their field study in writing and in person.
491 Abstract grade
Students are required to complete a publication-quality scientific abstract for one of the primary labs
(based on distance sampling). They are given more than one opportunity to correct edits provided by
instructors before the final grade is awarded.
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491 overall lab grade
Each week is a different lab covering some aspect of the classroom material in depth. Each week requires
some sort of written report, typically short answers to questions. Questions challenge the students to
interpret what they completed in lab, and to consider application of their knowledge and new skills to
other situations.
493 Quiz 1 grade
Calculation of habitat suitability indices based on suitability index graphs for food and cover variables
493 Quiz 2 and 3 grades
Quiz 2: Use simple population models to predict future abundance and to estimate population growth
rates of wildlife
Quiz 3: Use matrix population models with density dependence to predict future population abundance of
wildlife species
493 Final paper grade
Present a wildlife management plan in writing, prepared according to peer-reviewed manuscript style
guidelines
493 Individual grade on oral presentation
Communicate the details of wildlife management plan orally, using high standards of professionalism in
speaking manner and voice.
493 Exam grade
Demonstrate knowledge of all steps of the management planning process, including habitat and
population modeling.
493 Management plan grade
Synthesize knowledge of the management planning process, including quantitative assessment of habitat
quality and population growth, into a written wildlife plan
Our target levels for assessment will be stratified as:
200- and 300-level courses
400-level courses
Exit exam

80% of student grades ≥ C
60% ≥ B, 80% ≥ C
60% ≥ B, 80% ≥ C

Our logic is that lower-division classes represent a student’s first exposure to concepts. Student grades in
lower-division courses thus may not be reflective of the knowledge and abilities gained when concepts
are reinforced in upper-division courses. By extension, we expect grades to be higher in our upper
division courses, given the greater specificity of concepts and direct application to their major. We desire
the majority of our students to be knowledgeable and competent wildlife scientists, and thus set the exit
exam to the higher standard, expecting 60% of the students to achieve a B or better.
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Appendix 1. EFB courses that include technical and analytical writing among student learning
objectives.

Course

Instructor

BTC132

Powell/Fernando

Orientation Seminar

number of
technical
scientific
laboratory
reports

number of
analytical
writing
assignments

0

7

guidance
provided on
report
preparation

BTC401

Newman

Molecular Biology Techniques

5

1

yes

BTC497

Fernando

Research Design and Prof. Development

1

0

yes

BTC499

Newman

Biotechnology Senior Project Synthesis

0

0

EFB101

Fierke

Gen. Bio. I: Organismal Biology and Ecology

0

0

EFB102

McGee

General Biology I Laboratory

2

0

EFB103

Whipps

General Biology II: Cell Biology and Genetics

0

0

EFB104

McGee

General Biology II Laboratory

2

0

yes

EFB120

Beal, Diemont

Global Environment & Human Society

1

5

yes

EFB132

McGee

Orientation Seminar: EFB

0

0

EFB200

Turner

Physics of Life

0

0

EFB202

McGee

Ecol. Monitoring & Biodiversity Assessment

0

0

EFB210

Adams

Diversity of Life I

0

0

EFB211

Adams

Diversity of Life II

0

0

EFB217

Teale/Castello

Peoples, Plagues and Pests

0

0

EFB303

Green

Introductory Environmental Microbiology

0

0

EFB307

Powell

Principles of Genetics

0

0

EFB308

Powell

Principles of Genetics Laboratory

5

1

EFB311

Rundell

Principles of Evolution

0

1

EFB312

Folta

Intro. Personal Enviro Interp. Methods

0

0

EFB320

Horton

General Ecology

2

0

EFB325

Newman

Cell Biology

0

0

EFB326

Fernando

Diversity of Plants

0

0

EFB327

Leopold/Musselman

Adirondack Flora

0

0

EFB336

Leopold

Dendrology

0

0

yes

yes

Yes

EFB337

Kimmerer

Field Ethnobotany

1

0

EFB340

Castello

Forest and Shade Tree Pathology

0

0

yes

EFB342

Weir

Fungal Diversity and Ecology

1

1

yes

EFB345

Castello

Forest Health

1

0

yes

EFB351

Teale

Forest Entomology

1

0

Yes

EFB352

Teale

Entomology

1

0

Yes

EFB355

Rundell

Invertebrate Zoology

0

0

EFB360

Epidemiology

EFB381

Vertebrate Museum Techniques

EFB384

Field Herpetology
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EFB385

Ringler

Comparative Vertebrate Anatomy

0

0

EFB388

J. Farrell

Ecology of Adirondack Fishes

1

1

EFB390

S. Farrell

Wildlife Ecology and Management

0

1

EFB400

Paterson

Toxic Health Hazards

0

1

EFB404

Folta

Natural History Museums and Modern Science

0

0

0

0

EFB412
EFB413

yes

Introduction to Chemical Ecology
Gibbs

EFB414

Introduction to Conservation Biology
Senior Synthesis in Conservation Biology

EFB417

Folta

Non-Personal Enviro Interpretive Methods

0

1

EFB418

Folta

Interpretation of Field Biology

0

0

EFB419

Gibbs

Problem-solving in Conservation Biology

10

14

EFB423

Schulz

Marine Ecology

0

1

EFB424

Schulz

Limnology: Study of Inland Waters

0

1

EFB427

Fernando

Plant Anatomy and Development

1

1

EFB428

Horton

Mycorrhizal Ecology

0

1

EFB435

Dovciak

Flowering Plants: Diversity, Evol & Systematics

0

1

yes

EFB437

Ettinger

Plant Propagation

1

0

yes

EFB439

Fierke

Forest Health Monitoring

0

1

1

0

EFB440

Weir

Mycology

EFB444

Lomolino

Biodiversity and Geography of Nature

0

0

EFB445

Dovciak

Plant Ecology and Global Change

0

0

EFB446

Kimmerer

Ecology of Mosses

0

1

EFB453

Whipps

Parasitology

2

1

0

0

EFB462

Turner

EFB480

Animal Physiology: Environmental and
Ecological
Principles of Animal Behavior

EFB482

S. Farrell

Ornithology

0

1

EFB483

Lomolino

Mammal Diversity

0

0

EFB484

McNulty

Mammalian Winter Ecology

0

1

EFB485

Gibbs

Herpetology

2

1

yes

yes

yes

yes

yes

EFB486

Stewart

Ichthyology

2

1

yes

EFB487

Limburg

Fisheries Science and Management

1

3

yes

EFB488

Limburg

Fisheries Science Practicum

1

1

yes

EFB491

Frair

Applied Wildlife Science

2

0

yes

EFB492

J. Farrell

Sr. Synthesis in Aquatic and Fisheries Science

0

0

EFB493

J. Cohen

Wildlife Habitats and Populations

2

1

yes

EFB494

Castello

Senior Synthesis in Forest Health

0

1

yes

EFB502

Parry

Ecology and Management of Invasive Species

0

EFB504

Parry

Plant-Herbivore Interactions

0

0

yes

EFB505

Microbial Ecology

EFB513

Adirondack Forest Ecology and Management

EFB516

Ecosystems

EFB518

Diemont

Appendix 1

Systems Ecology

2
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EFB521

Principles of Interpretive Programming

EFB522

Biophysical Economics

EFB523

Stewart

Tropical Ecology

0

0

EFB525

Schulz

Limnology Practicum

0

0

EFB530

Plant Physiology

EFB531

Plant Physiology Laboratory

EFB542

Freshwater Wetland Ecosystems

EFB554

Ringler

Aquatic Entomology

0

0

EFB560

Folta

Electronic Tech in Interp & Enviro Education

0

0

EFB566

Fierke

Systematic Entomology

0

1

EFB570

Insect Physiology

total number of classes:
24
27
26
Data represent the number of “writing assignments that summarize, synthesize or analyze biological or ecological principles (a
term paper).”
1
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Appendix 2. EFB courses that include oral communication among student learning objectives.

Course
BTC132
BTC401
BTC497
BTC499
EFB101
EFB102
EFB103
EFB104
EFB120
EFB132
EFB200
EFB202
EFB210
EFB211
EFB217
EFB303
EFB307
EFB308
EFB311
EFB312
EFB320
EFB325
EFB326
EFB327
EFB336
EFB337
EFB340
EFB342
EFB345
EFB351
EFB352
EFB355
EFB360
EFB381
EFB384
EFB385
EFB388
EFB390
EFB400
EFB404
EFB412
EFB413
EFB414
EFB417
EFB418
EFB419
EFB423
EFB424
EFB427
EFB428
EFB435
EFB437
EFB439
EFB440
EFB444
EFB445
EFB446
EFB453
EFB462
EFB480
EFB482

Instructor
Powell/Fernando
Newman
Fernando
Newman
Fierke
McGee
Whipps
McGee
Beal, Diemont
McGee
Turner
McGee
Adams
Adams
Teale/Castello
Green
Powell
Powell
Rundell
Folta
Horton
Newman
Fernando
Leopold/Musselman
Leopold
Kimmerer
Castello
Weir
Castello
Teale
Teale
Rundell

Ringler
J. Farrell
S. Farrell
Paterson
Folta
Gibbs
Folta
Folta
Gibbs
Schulz
Schulz
Fernando
Horton
Dovciak
Ettinger
Fierke
Weir
Lomolino
Dovciak
Kimmerer
Whipps
Turner
S. Farrell
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Orientation Seminar
Molecular Biology Techniques
Research Design and Prof. Development
Biotechnology Senior Project Synthesis
Gen. Bio. I: Organismal Biology and Ecology
General Biology I Laboratory
General Biology II: Cell Biology and Genetics
General Biology II Laboratory
Global Environment & Human Society
Orientation Seminar: EFB
Physics of Life
Ecol. Monitoring & Biodiversity Assessment
Diversity of Life I
Diversity of Life II
Peoples, Plagues and Pests
Introductory Environmental Microbiology
Principles of Genetics
Principles of Genetics Laboratory
Principles of Evolution
Intro. Personal Enviro Interp. Methods
General Ecology
Cell Biology
Diversity of Plants
Adirondack Flora
Dendrology
Field Ethnobotany
Forest and Shade Tree Pathology
Fungal Diversity and Ecology
Forest Health
Forest Entomology
Entomology
Invertebrate Zoology
Epidemiology
Vertebrate Museum Techniques
Field Herpetology
Comparative Vertebrate Anatomy
Ecology of Adirondack Fishes
Wildlife Ecology and Management
Toxic Health Hazards
Nat. History Museums and Modern Science
Introduction to Chemical Ecology
Introduction to Conservation Biology
Senior Synthesis in Conservation Biology
Non-Personal Enviro Interpretive Methods
Interpretation of Field Biology
Problem-solving in Conservation Biology
Marine Ecology
Limnology: Study of Inland Waters
Plant Anatomy and Development
Mycorrhizal Ecology
Flowering Plants
Plant Propagation
Forest Health Monitoring
Mycology
Biodiversity and Geography of Nature
Plant Ecology and Global Change
Ecology of Mosses
Parasitology
Animal Physiology: Environ. and Ecological
Principles of Animal Behavior
Ornithology

Number of
hypothesisdriven
technical oral
presentations
0
0
0
3
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0

Number of
other1 oral
presentations
0
1
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
1
1
0
0
1

0
0
0
0
0

0
0
1
1
0

0

0

0
0
4
0
0
0
0
0
1
0
1
0
0
0
0
0

0
2
4
1
0
0
0
0
0
1
1
0
0
1
0
0

0

1

guidance
provided on
report
preparation
yes
yes

yes

yes

yes

yes

yes

yes
yes
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EFB483
EFB484
EFB485
EFB486
EFB487
EFB488
EFB491
EFB492
EFB493
EFB494
EFB502
EFB504
EFB505

Lomolino
McNulty
Gibbs
Stewart
Limburg
Limburg
Frair
J. Farrell
J. Cohen
Castello
Parry
Parry

EFB513
EFB516
EFB518
EFB521
EFB522
EFB523
EFB525
EFB530
EFB531
EFB542
EFB554
EFB560
EFB566
EFB570

Diemont

Stewart
Schulz

Ringler
Folta
Fierke

1

Mammal Diversity
Mammalian Winter Ecology
Herpetology
Ichthyology
Fisheries Science and Management
Fisheries Science Practicum
Applied Wildlife Science
Sr. Synthesis in Aquatic & Fisheries Science
Wildlife Habitats and Populations
Senior Synthesis in Forest Health
Ecology and Mgmt of Invasive Species
Plant-Herbivore Interactions
Microbial Ecology
Adirondack Forest Ecology and
Management
Ecosystems
Systems Ecology
Principles of Interpretive Programming
Biophysical Economics
Tropical Ecology
Limnology Practicum
Plant Physiology
Plant Physiology Laboratory
Freshwater Wetland Ecosystems
Aquatic Entomology
Electronic Tech in Interp & Enviro Education
Systematic Entomology
Insect Physiology
total number of classes:

0
0
2
0
1
0
1
0
0
1
0
0

0
1
1
0
1
0
0
0
1
0
1
1

0

0

0
1

0
1

0
0
0

0
1
0

10

24

yes
yes
yes
yes
yes

yes
yes

yes

17

Data represent the number of oral presentations that “summarize, synthesize or analyze biological or ecological principles.”

Appendix 2

158

Appendix 3. EFB courses that include group work, higher math and physical sciences among student
learning objectives.

Course

Instructor

Course

BTC132

Powell/Fernando

Orientation Seminar

BTC401

Newman

Molecular Biology Techniques

BTC497

Fernando

BTC499

Newman

EFB101

Fierke

EFB102

McGee

EFB103

Whipps

Students
conduct group
research or
investigations

Students
apply higher
math to solve
problems

Students apply
chemistry and
physics to solve
problems

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Research Design and Prof.
Development
Biotechnology Senior Project
Synthesis
Gen. Bio. I: Organismal Biology and
Ecology
General Biology I Laboratory

EFB104

McGee

General Biology II: Cell Biology and
Genetics
General Biology II Laboratory

EFB120

Beal, Diemont

Global Environment & Human Society

EFB132

McGee

Orientation Seminar: EFB

EFB200

Turner

Physics of Life

EFB202

McGee

Ecol. Monitoring & Biodiversity
Assessment

EFB210

Adams

Diversity of Life I

EFB211

Adams

Diversity of Life II

EFB217

Teale/Castello

Peoples, Plagues and Pests

EFB303

Green

Intro. Environmental Microbiology

EFB307

Powell

Principles of Genetics

EFB308

Powell

Principles of Genetics Laboratory

yes
yes
yes

yes

yes

yes

yes

EFB311

Rundell

Principles of Evolution

yes

EFB312

Folta

Intro. Personal Enviro Interp. Methods

yes

EFB320

Horton

General Ecology

yes

EFB325

Newman

Cell Biology

EFB326

Fernando

Diversity of Plants

EFB327

Leopold/Musselman

Adirondack Flora

EFB336

Leopold

Dendrology

EFB337

Kimmerer

Field Ethnobotany

yes
yes

yes

yes

yes

yes
yes

yes

yes

EFB340

Castello

Forest and Shade Tree Pathology

EFB342

Weir

Fungal Diversity and Ecology

yes

EFB345

Castello

Forest Health

yes

yes

EFB351

Teale

Forest Entomology

yes

yes

EFB352

Teale

Entomology

yes

yes

EFB355

Rundell

Invertebrate Zoology

yes

EFB360

Epidemiology

EFB381

Vertebrate Museum Techniques

yes

Field Herpetology

EFB384
EFB385

Ringler

Comparative Vertebrate Anatomy

EFB388

J. Farrell

Ecology of Adirondack Fishes

Appendix 3

yes

yes

yes
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EFB390

S. Farrell

EFB400

Paterson

EFB404

Folta

EFB412
EFB413

Gibbs

EFB414
EFB417

Folta

EFB418

Folta

Wildlife Ecology and Management

yes

Toxic Health Hazards
Natural History Museums and Modern
Science
Introduction to Chemical Ecology

yes

yes

yes

yes

yes

yes

yes

Introduction to Conservation Biology
Senior Synthesis in Conservation
Biology
Non-Personal Enviro Interpretive
Methods
Interpretation of Field Biology

EFB419

Gibbs

EFB423

Schulz

Problem-solving in Conservation
Biology
Marine Ecology

EFB424

Schulz

Limnology: Study of Inland Waters

yes
yes
yes
yes

EFB427

Fernando

Plant Anatomy and Development

EFB428

Horton

Mycorrhizal Ecology

yes

yes

EFB435

Dovciak

Flowering Plants: Diversity, Evol &
Systematics

yes

EFB437

Ettinger

Plant Propagation

no

EFB439

Fierke

Forest Health Monitoring

yes

EFB440

Weir

Mycology

yes

EFB444

Lomolino

Biodiversity and Geography of Nature

EFB445

Dovciak

Plant Ecology and Global Change

yes
yes

no

EFB446

Kimmerer

Ecology of Mosses

EFB453

Whipps

Parasitology

yes

Turner

Animal Physiology: Environmental and
Ecological

yes

EFB482

S. Farrell

Ornithology

EFB483

Lomolino

Mammal Diversity

EFB484

McNulty

Mammalian Winter Ecology

EFB462

yes
yes

yes

yes

Principles of Animal Behavior

EFB480

yes
yes
yes

yes

EFB485

Gibbs

Herpetology

yes

yes

EFB486

Stewart

Ichthyology

yes

yes

yes

EFB487

Limburg

Fisheries Science and Management

yes

yes

yes

EFB488

Limburg

Fisheries Science Practicum

yes

yes

EFB491

Frair

Applied Wildlife Science

yes

yes

EFB492

J. Farrell

EFB493

J. Cohen

Sr. Synthesis in Aquatic and Fisheries
Science
Wildlife Habitats and Populations

EFB494

Castello

Senior Synthesis in Forest Health

EFB502

Parry

Ecology and Management of Invasive
Species

yes

EFB504

Parry

Plant-Herbivore Interactions

yes

EFB505

Microbial Ecology

EFB513

Adirondack Forest Ecology and
Management

EFB516

Ecosystems

EFB518
EFB521

Appendix 3

Diemont

Systems Ecology

yes

yes
yes

yes

yes

yes

yes

Principles of Interpretive Programming
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EFB522

Biophysical Economics

EFB523

Stewart

Tropical Ecology

EFB525

Schulz

Limnology Practicum

EFB530

Plant Physiology

EFB531

Plant Physiology Laboratory

EFB542

Freshwater Wetland Ecosystems

EFB554

Ringler

EFB560

Folta

EFB566

Fierke

EFB570

yes

yes

28

26

Aquatic Entomology
Electronic Tech in Interp & Enviro
Education
Systematic Entomology

yes

Insect Physiology
total number of classes:

Appendix 3

yes

41
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Appendix 4. EFB courses that include command of biodiversity among student
learning objectives.
Number of
species, taxa,
clades covered

Course

Instructor

Course

BTC132

Powell/Fernando

Orientation Seminar

BTC401

Newman

Molecular Biology Techniques

BTC497

Fernando

Research Design and Prof. Development

BTC499

Newman

Biotechnology Senior Project Synthesis

EFB101

Fierke

Gen. Bio. I: Organismal Biology and Ecology

EFB102

McGee

General Biology I Laboratory

EFB103

Whipps

General Biology II: Cell Biology and Genetics

EFB104

McGee

General Biology II Laboratory

EFB120

Beal, Diemont

Global Environment & Human Society

EFB132

McGee

Orientation Seminar: EFB

EFB200

Turner

Physics of Life

EFB202

McGee

Ecol. Monitoring & Biodiversity Assessment

EFB210

Adams

Diversity of Life I

31

EFB211

Adams

Diversity of Life II

90-100

EFB217

Teale/Castello

Peoples, Plagues and Pests

EFB303

Green

Intro. Environmental Microbiology

EFB307

Powell

Principles of Genetics

EFB308

Powell

Principles of Genetics Laboratory

EFB311

Rundell

Principles of Evolution

EFB312

Folta

Intro. Personal Enviro Interp. Methods

EFB320

Horton

General Ecology

EFB325

Newman

Cell Biology

EFB326

Fernando

Diversity of Plants

100

EFB327

Leopold/Musselman

Adirondack Flora

250

EFB336

Leopold

Dendrology

110
30

150-175

12-20

>100
80

EFB337

Kimmerer

Field Ethnobotany

EFB340

Castello

Forest and Shade Tree Pathology

EFB342

Weir

Fungal Diversity and Ecology

EFB345

Castello

Forest Health

EFB351

Teale

Forest Entomology

>100

EFB352

Teale

Entomology

>100

EFB355

Rundell

Invertebrate Zoology

>100

EFB360

Epidemiology

EFB381

Vertebrate Museum Techniques

EFB384

Field Herpetology

EFB385

Ringler

Comparative Vertebrate Anatomy

EFB388

J. Farrell

Ecology of Adirondack Fishes
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50
100
50

50
162

EFB390

S. Farrell

Wildlife Ecology and Management

EFB400

Paterson

Toxic Health Hazards

EFB404

Folta

EFB412
EFB413

Natural History Museums and Modern Science
Introduction to Chemical Ecology

Gibbs

EFB414

Introduction to Conservation Biology
Senior Synthesis in Conservation Biology

EFB417

Folta

Non-Personal Enviro Interpretive Methods

EFB418

Folta

Interpretation of Field Biology

EFB419

Gibbs

Problem-solving in Conservation Biology

EFB423

Schulz

Marine Ecology

EFB424

Schulz

Limnology: Study of Inland Waters

EFB427

Fernando

Plant Anatomy and Development

EFB428

Horton

Mycorrhizal Ecology

EFB435

Dovciak

Flowering Plants: Diversity, Evol & Systematics

EFB439

Fierke

Forest Health Monitoring

EFB440

Weir

Mycology

EFB444

Lomolino

Biodiversity and Geography of Nature

EFB445

Dovciak

Plant Ecology and Global Change

EFB446

Kimmerer

Ecology of Mosses

80

EFB453

Whipps

Parasitology

46

EFB462

Turner

Animal Physiology: Environmental and Ecological

EFB480
S. Farrell

Ornithology

EFB483

Lomolino

Mammal Diversity

EFB484

McNulty

Mammalian Winter Ecology

EFB485

Gibbs

Herpetology

EFB486

Stewart

Ichthyology

EFB487

Limburg

Fisheries Science and Management

EFB488

Limburg

Fisheries Science Practicum

EFB491

Frair

Applied Wildlife Science

EFB492

J. Farrell

Sr. Synthesis in Aquatic and Fisheries Science

EFB493

J. Cohen

Wildlife Habitats and Populations

EFB494

Castello

Senior Synthesis in Forest Health

EFB502

Parry

Ecology and Management of Invasive Species

EFB504

Parry

Plant-Herbivore Interactions

EFB505

Microbial Ecology

EFB513

Adirondack Forest Ecology and Management

technique
driven,
unlimited
100-200
100-150

200
75
100 species
30 families
100 species
25-30

Ecosystems

EFB516
Diemont

Systems Ecology

EFB521

Principles of Interpretive Programming

EFB522

Biophysical Economics
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60

Principles of Animal Behavior

EFB482

EFB518

50

163

EFB523

Stewart

Tropical Ecology

EFB525

Schulz

Limnology Practicum

EFB530

Plant Physiology

EFB531

Plant Physiology Laboratory

EFB542

Freshwater Wetland Ecosystems

150 taxa

EFB554

Ringler

Aquatic Entomology

EFB560

Folta

Electronic Tech in Interp & Enviro Education

EFB566

Fierke

Systematic Entomology

EFB570

30 orders
217 families

Insect Physiology
total number of classes:
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