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The University of Rochester’s Graduate Experience in Science Education (GESE) course famil-
iarizes biomedical science graduate students interested in pursuing academic career tracks with
a fundamental understanding of some of the theory, principles, and concepts of science educa-
tion. This one-semester elective course provides graduate students with practical teaching and
communication skills to help them better relate science content to, and increase their confidence
in, their own teaching abilities. The 2-h weekly sessions include an introduction to cognitive
hierarchies, learning styles, and multiple intelligences; modeling and coaching some practical
aspects of science education pedagogy; lesson-planning skills; an introduction to instructional
methods such as case studies and problem-based learning; and use of computer-based instruc-
tional technologies. It is hoped that the early development of knowledge and skills about
teaching and learning will encourage graduate students to continue their growth as educators
throughout their careers. This article summarizes the GESE course and presents evidence on the
effectiveness of this course in providing graduate students with information about teaching and
learning that they will use throughout their careers.

INTRODUCTION

In his essay “Scientists and Science Education Reform,” neu-
robiologist James M. Bower of the California Institute of
Technology states:

“Scientific training often includes little or no focus on
science education itself. Instead, it is simply assumed
that a Ph.D. in experimental science is adequate prep-
aration for ones eventual educational responsibili-
ties. . . . The most important personal consequence of
my involvement with science education reform has
been a growing awareness of how poorly I have
taught my own students. . . . I have become pro-
foundly aware of the negative effect the poor teaching
of science in colleges and universities has on the rest of
the educational system.”

One way to counter the “negative effects” that Bower
describes is to train college and university faculty to be
“teachers” not “tellers,” ones who know about and also
apply the vast body of research about effective science teach-
ing and learning.

Biomedical scientists are trained during graduate school
and postdoctoral studies to be researchers. Many of those
who pursue academic career tracks are also expected to
teach, especially if they assume faculty appointments at
smaller colleges. Ph.D. graduates often find that they are not
well prepared for this faculty role (Golde and Dore, 2001;
Austin, 2002). Many graduate school programs do have a
teaching requirement, but this is often limited to being a
teaching assistant (TA) in a lecture-based course or in an
introductory laboratory course. TAs seldom have full
course-planning responsibility. Other opportunities for
teaching such as leading discussions and assisting with lab
investigations are aspects of science teaching that TAs may
be involved in, but they rarely have opportunities to create
and lead their own lessons. Often, the only “teaching” ex-
periences that graduate students have are the occasional,
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interdepartmental seminars (using lecture format) that they
are required to give to fellow graduate students and faculty.

Graduate students who want to learn more about teaching
and, more importantly, learning, have few role models to
turn to. Faculty in basic science departments are unlikely to
also be involved in science education, particularly at a large
research-based university where their primary function is to
produce and publish research data that advance the goals of
their laboratories. Research faculty are often completely
grant funded, and even when scientists themselves are in-
terested in teaching or participating in science outreach pro-
grams, they may be discouraged because their interest in
teaching and learning does not contribute to their research
goals.

A large percentage of graduate students will end up in
academic careers that require them to teach. Data from a
2003 National Science Foundation (NSF) survey of 593,300
doctoral scientists and engineers in the United States indi-
cate that 259,380 of them are employed at universities and
4-yr colleges (NSF, 2006). Thirty-one percent (183,650) of all
respondents to this survey indicate that teaching is their
primary work activity. Forty percent of the doctoral scien-
tists employed at universities or 4-yr colleges indicate that
teaching is their primary work activity, whereas 21% indi-
cate that teaching is their secondary work activity. Accord-
ing to the 2005 Survey of Earned Doctorates, conducted for
the NSF, 24.2% of the 29,246 science and engineering doc-
toral recipients in 2005 indicated that they will be employed
by an educational institution after receiving their doctorate
(Hoffer et al., 2006).

These percentages provide evidence that a critical need
exists to provide graduate students with information on
educational skills needed by faculty members who teach at
the undergraduate, graduate, or professional level, includ-
ing instructional skills and strategies and knowledge of the-
ories and principles of learning and teaching. Graduate stu-
dents also need to be introduced to a variety of curricular
designs, instructional strategies, and differentiated assess-
ment methodologies that could be used in their future
courses.

One approach to broadening the exposure of graduate
students to teaching and learning would be to institute a
mandatory teaching course coupled with a mandatory
teaching internship. However, few basic science depart-
ments would be in favor of adding time and effort required
“away from the bench” for their graduate students in order
to complete such a course. In contrast, a one-semester sci-
ence education elective course would be quite useful for
students who might be interested in pursuing an academic
career but who have little time to devote to extra course-
work. Such a course could be followed by additional oppor-
tunities for graduate students who are interested in teaching
and learning.

Despite the obvious need for graduate students to develop
skills in teaching and curriculum design, few universities
offer their graduate students the opportunity to enroll in a
science education course, and if they do, the course is usu-
ally coupled to a “teaching minor” or is limited to students
who are already participating in science education pro-
grams. Some quality programs do exist, however, and have
grown out of the Preparing Future Faculty (PFF) initiative, a
joint undertaking of the Association of American Colleges

and Universities and the Council of Graduate Schools. PFF
was supported from 1993 to 2001 by the NSF, the Pew
Charitable Trusts, and the Atlantic Philanthropies (http://
www.preparing-faculty.org). PFF programs provide doc-
toral students (and some postdoctoral fellows) with oppor-
tunities to observe and experience a variety of faculty
responsibilities including teaching, research, and service.
These opportunities usually occur through mentoring and
partnerships developed with liberal arts and community
colleges. PFF programs have been implemented at more
than 45 doctoral degree–granting institutions and nearly 300
partner institutions.

For example, the Department of Biological Sciences at the
University of Pittsburgh recently instituted a Teaching Mi-
nor program. The requirements of this program include at
least two semesters of teaching, participation in a monthly
teaching club, enrollment in a Teaching Practicum Course,
and maintenance of a Teaching Dossier (http://www.
pitt.edu/�biohome/Dept/Frame/teachingminor.htm). Uni-
versity of Minnesota’s Center for Teaching and Learning has
a PFF program for graduate students and postdoctoral fel-
lows. In their Teaching in Higher Education course, students
“model a variety of active learning strategies (e.g., coopera-
tive learning, collaborative learning, problem-posing, case
study, interactive lecture, discussion, critical thinking, role-
playing) and facilitate discussions addressing educational
theory and practice” (http://www1.umn.edu/ohr/
teachlearn/pff/courses/8101.html). This course is followed
by several other courses that offer opportunities to teach and
also a course that prepares students for entering the job
market in academia. North Carolina State University has
several education courses in which graduate students may
enroll, including Teaching in College, which focuses on
some of the “fundamental tasks of a college teacher,” and
Teaching Mathematics and Science in Higher Education,
which examines “design of courses and curricula, innova-
tive programs and facilities, and methods and materials for
instruction.” The University of Florida offers a Fundamen-
tals of Biomedical Science Education course (http://
www.med.ufl.edu/IDP/courses/Syllabus/
GMS5905Education.html) that is focused on providing skills
for teaching medical student courses.

Universities and funding agencies are working together in
numerous ways in an attempt to address the need to prepare
graduate students for academic teaching careers. A prime
example of this is the Center for the Integration of Research,
Teaching, and Learning (CIRTL), an NSF-funded partner-
ship among seven universities that “work together to pro-
mote professional development in teaching and learning for
faculty and future faculty” (http://www.cirtl.net). CIRTL
initiatives at the seven partner institutions focus on three
foundational concepts (known as “CIRTL pillars”): Teach-
ing-as-Research, Learning Communities, and Learning-
through-Diversity.

The University of Rochester (UR) has approximately 950
graduate students enrolled in doctoral degree–granting pro-
grams in science and engineering. Opportunities for UR
science and engineering graduate students to gain teaching
experience or to learn about teaching and learning include
working as TAs in laboratory or lecture-based courses and
working as team leaders in peer-led, cooperative learning–
based workshop courses. Graduate students and postdoc-
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toral candidates can also volunteer their time to assist with
science outreach programs for local K–12 students and
teachers. A group of several dozen UR graduate students
and faculty members meet monthly as an informal Cluster
for Leadership in Education. This group discusses a variety
of topics in teaching and learning and hosts occasional guest
speakers. The UR’s Department of Electrical Engineering
offers a one-semester elective course called “Preparation for
Academic Careers in Engineering and Science.” This course
covers a variety of topics of interest for students who may
pursue an academic career, such as how to interview and
negotiate for a faculty position; how to juggle teaching,
research, and service; grant writing; and achieving tenure.

In 2004, faculty from UR’s School of Medicine and Den-
tistry submitted a proposal for a two-credit elective course in
order to familiarize science graduate students interested in
pursuing academic career tracks with a fundamental under-
standing of some of the theory, principles, and concepts of
science teaching and learning. Despite initial reluctance (and
an underlying attitude of concern) from several of the grad-
uate training program directors that such a course would
take graduate students’ efforts away from their laboratory
research, the course was given unanimous approval by the
university’s Committee on Graduate Education. The Grad-
uate Experience in Science Education (GESE) course was
initiated in Spring 2005. This one-semester elective course
provides graduate students with practical teaching and
communication skills to help them better relate science con-
tent and to increase their confidence in their own teaching
abilities. The GESE course is designed to make graduate
students more aware of educational research and applica-
tion about learning and research-based pedagogy. The GESE
course focuses on general aspects of teaching and learning,

foundations on which the PFF programs are designed. GESE
also includes an introduction to some methods that are
specific to science teaching, such as inquiry-based and prob-
lem-based learning, emerging technology, and communicat-
ing about science research.

This article summarizes the GESE course and presents
preliminary data from the 2006 cohort to evaluate the effec-
tiveness of this course in providing graduate students with
information on instructional methods that they can use
throughout their careers.

COURSE DESIGN

Educational Environment
GESE is a one-semester, two-credit, 15-wk course offered
through UR’s School of Medicine and Dentistry during the
spring semester (mid-January through early May). The
course meets for one 2-h session each week. This interde-
partmental course is open to all UR graduate students and
has attracted graduate students from almost every biomed-
ical Ph.D. training program at the university as well as from
the Chemistry and Physics departments. Nine students en-
rolled in GESE during 2005, which was the first year that this
course was offered (Table 1). Fourteen students enrolled
(and two audited) this course during 2006. Sixteen students
enrolled (and seven audited) this course during 2007. Table
2 shows the gender and departmental affiliation of the stu-
dents who have enrolled (or audited) the GESE courses
during 2005–2007. The GESE course attracts mostly upper-
level graduate students who have already completed most
or all of their required coursework (see Table 3). It is inter-
esting to note that 19 of the 48 students who have attended
GESE (40%) are fourth-year graduate students. This may be
a time in their graduate student years that they have more
time to devote to thinking about their future beyond grad-
uate school. They have completed their required coursework
and passed their qualifying exams and are not yet in a rush
to finish their thesis projects. One postdoctoral fellow and
one faculty member also audited the 2007 GESE course.

The GESE course director (D.G.M.) is a Ph.D. molecular
biologist who has spent the past 16 years directing science
education and outreach programs, primarily for secondary
school students and teachers. The course codirector is a

Table 1. Students attending the GESE course, 2005–2007

Year Enrolled Auditing Total

2005 9 0 9
2006 14 2 16
2007 16 7 23
Total 39 9 48

Table 2. Department affiliation and gender of students attending the GESE course, 2005–2007

Department Male Female Total Auditing

Biochemistry and Biophysics 5 6 11 1 post-doc (female)
Biomedical Engineering 2 3 5 4 (2 male, 2 female)
Biomedical Genetics 1 1 2
Biostatistics 0 1 1
Chemistry 0 1 1
Community and Preventive Medicine 1 0 1
Microbiology and Immunology 5 6 11 1 (female)
Neurobiology and Anatomy 2 0 2 1 faculty (male)
Pathology 1 4 5 1 (female)
Physics and Astronomy 1 1 2
Toxicology 4 3 7 1 (male)
Total students attending 22 26 48
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retired secondary school science teacher and K–12 science
supervisor (M.J.D.) who has expertise in curriculum devel-
opment, student assessment, preservice teacher education,
and inservice professional development. GESE guest in-
structors include faculty from UR’s Center for Science Edu-
cation and Outreach (http://cseo.envmed.rochester.edu/)
and the Life Sciences Learning Center (LSLC), a hands-on
science education outreach center located at UR Medical
Center (http://lifesciences.envmed.rochester.edu/). Faculty
from UR’s Margaret Warner Graduate School of Education
and Human Development, as well as education and science
faculty from several other Rochester-area colleges, also par-
ticipate as guest instructors in the GESE course.

Expected Outcomes
The goal of the GESE course is to provide graduate students
with a fundamental understanding of the theories of educa-
tion and the principles and concepts of differentiated in-
struction, curriculum design, and assessment so that they
will be able to use this knowledge in their future role as
educators. This goal is accomplished through 2-h weekly
course sessions that include the following:

• an introduction to cognitive hierarchies, learning styles,
and multiple intelligences

• modeling and coaching some practical aspects of science
education pedagogy

• lesson planning using several different models
• an introduction to instructional methods such as case

studies and problem-based learning
• use of computer-based instructional technologies

To meet the goals of the GESE course, students provide
evidence toward meeting a variety of expected outcomes,
including the following:

• applying theory, principles and concepts of learning and
teaching in the design and implementation of effective
lessons

• generating questions and becoming informed about some
of the practical aspects of college science teaching

• developing skills in planning and implementing science
lessons that:
� assess learners’ prior knowledge
� stimulate and sustain learners’ interest, engagement,

and achievement
� use instructional strategies and assessment approaches

to meet the needs of learners of varying abilities
• observing science teaching in a variety of field experiences

(secondary and undergraduate)
• designing a lesson based on their own laboratory research,

for a target audience of their choice, and presenting their
lesson to the class

• reflecting on what they have learned by participating in an
online discussion board and through classroom discus-
sions

Summary of Course Syllabus
The 15-wk GESE course is divided into the following major
themes. Some of these themes are covered in several class
sessions, held over consecutive weeks, or spread through
the semester. Each 2-h session provides models for instruc-
tional methods that students can use in their own teaching.

How Students Learn. The first 4 weeks of the course provide
an overview of some well-accepted learning theories, with a
focus on differentiated instruction. Presentations and class
discussions cover general aspects of constructivism, cogni-
tion, and inquiry.

Students learn about Benjamin Bloom’s three domains of
learning, focusing on the six-part hierarchy of the Cognitive
Domain (Bloom and Krathwohl, 1956). They also learn about
Williams’ taxonomy of creative thinking skills (Williams,
1980) and what types of learner behaviors are associated
with each of Williams’ eight skill levels. Students complete
their own Learning Style Inventory (Silver et al., 2000),
which is based on Carl Jung’s theories of psychological types
(Jung, 1971). In completing the Learning Style Inventory,
students create a visual representation of their learning style
profile and discover how their own learning profile is char-
acterized by particular learning behaviors and abilities
within each style. It is interesting to note that graduate
students in the class discover that most of them have a
dominant “Understanding (Intuitive-Thinker) Style,” char-
acterized by learners “who prefer to be challenged intellec-
tually. . . . are curious about ideas. . . and have a high toler-
ance for theory and abstraction [and], a taste for complex
[academic, scientific, and intellectually stimulating] prob-
lems.” (Silver et al., 2000).

Students also complete a Multiple Intelligence (MI) Indi-
cator (Silver et al., 2000) while learning about Gardner’s
theory of multiple intelligences (Gardner, 1983, 1996). Al-
though students’ dispositions in this class show expected
tendencies toward Verbal-Linguistic and Logical-Mathemat-
ical Intelligences, students are surprised to find that the
results of their MI Indicator reveal a “unique combination of
intelligence strengths and weaknesses” (Silver et al., 2000).
They learn that “Learning styles are concerned with differ-
ences in the process of learning, whereas multiple intelli-
gences center on the content and products of learning.”
(Silver et al., 1997).

As students become exposed to different ideas about cog-
nition, learning styles, and intelligences, they begin to
change their conception of teaching from one of “profess-

Table 3. Year in graduate school of students attending the GESE
course

Year in graduate school No. of students

1 6
2 7
3 7
4 19
5 2
6 4
7 0
8 1

The enrolled students and auditing students are included, but post-
doctoral fellows and a faculty member who audited the GESE
course are not. The student in year 8 of graduate school had
switched laboratories midway through graduate school.
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ing” content knowledge to one focused on their own (and on
others’) learning. Students learn methods of how to use
differentiated instruction tools to create lessons and assess-
ments to meet the needs of different types of learners. Stu-
dents create a Task Rotation assignment by picking a topic
that they know something about (for example, their area of
research or a sport or hobby that they enjoy) and then
creating questions and tasks in each of four Learning Styles:
Mastery, Understanding, Interpersonal, and Self-Expressive.
They learn that effective teaching focuses on creatively apply-
ing an understanding of learning profiles (not just styles) in the
development of lessons. Students are also challenged to think
about matrixing profile tasks to integrate learning styles with
Gardner’s multiple intelligences and create more complex and
integrated examples of differentiated instruction.

Instructional Methods. Students are introduced to a variety
of instructional strategies that focus on active, student-cen-
tered learning. These include instructional methods for peer
review and cooperative learning and working with both
small and large groups of learners. One visiting instructor’s
GESE class session models the use of case studies as a
teaching technique and introduces students to the wide
array of case studies that have been published online
through the National Center for Case Study Teaching in
Science (http://ublib.buffalo.edu/libraries/projects/cases/
case.html). During this session, students engage in a phar-
macology case that involves the toxicology and chemistry of
tetrodotoxin, a neurotoxin found in puffer fish. In another
session students learn about the peer-led team learning
(PLTL) workshop method (PLTL, 2006). The PLTL instruc-
tional method is used in several undergraduate science
courses at UR and utilizes trained, graduate student peer
facilitators to help small groups of students work though
assigned problems on a weekly basis. Another GESE class
session on computer-based instructional tools introduces a
variety of Web-based learning methods such as using web-
quests (http://webquest.org/) and modeling programs to
support active, inquiry-based learning.

Assessment of Student Learning. A session on assessment of
student learning introduces students to assessment strate-
gies that can be used to collect evidence of student learning.
These include assessment of prior knowledge (how to assess
what students come into class already knowing), formative
assessment (how to assess students’ levels of understanding
as a lesson is being taught), and summative assessment
(how to assess lesson objectives and concept attainment, i.e.,
what have students learned). Students are provided with
examples of various types of assessments, including objec-
tive tests (multiple choice or short answer), authentic and
performance assessments (such as developing a method to
purify river water as part of a unit on water purification),
and alternative assessments (such as using long-term in-
quiry projects, concept maps, exhibitions and demonstra-
tions, and portfolios). Students learn about designing assess-
ments that reflect what they learned about learning styles
and multiple intelligences, and then they compare and con-
trast these forms of assessment to more traditional standard-
ized tests.

Lesson Planning. A session on lesson planning introduces
students to several models of lesson formats. These include

Silver and Strong’s ROPE model of Review, Orientation,
Process (Presenting, Processing, Practicing, Producing), and
Evaluation (Silver et al., 2000); Madeline Hunter’s Effective
Teaching model based on teacher behaviors and decision-
making (Hunter, 1982), and the 5E instructional model of
Engage, Explore, Explain, Elaborate, and Evaluate for devel-
oping a constructivist lesson (NRC, 1996; Biological Sciences
Curriculum Series, 2003). Students are provided with over-
views and sample lessons using each of these formats and
asked to compare common elements and contrast unique
features among the models. For their final project, students
must select one of the models or design a hybrid one that
best fits their content and audience.

Teaching within a Social Context. Discussions and readings
in several class sessions focus on equity issues related to
teaching a population of students who are diverse in race,
social class, gender, and ethnicity. Graduate students are also
made aware of instructional and assessment accommodations
that are suggested and/or mandated for postsecondary stu-
dents with learning disabilities or physical disabilities.

Undergraduate Science Education: Panel Discussion. One
session involves a panel discussion with current science
faculty representing three different types of undergraduate
teaching venues: a research-based university; a small, liberal
arts college; and a 2-yr community college. One of the pan-
elists is a veteran teacher with several decades of undergrad-
uate classroom teaching experience, and another panelist is
a novice teacher who recently left a biomedical research
position at a large university to assume a faculty position
teaching biology at a small liberal arts college. The panelists
share information with students about how they came to be
in their current faculty positions, the types of instructional
and assessment methods they use, and the various duties
and job responsibilities associated with their faculty posi-
tions. Specific questions are asked that relate to learning
styles and differentiated instruction and what changes these
instructors have to make in their teaching, curriculum, or
assessment systems to meet the needs of their students.
These and other questions posed to the panelists provide a
background and context for students to understand how
their education and career pathways might be similar to and
different from each of the panelists.

Online Discussion Board for Reflection and
Formative Assessment
Student reflection on their learning is facilitated through
classroom discussion and the use of Blackboard, an Internet-
based “discussion board” (www.blackboard.com). Students
use the discussion board to reflect on class presentations and
their readings during that week. Students are assigned one
or more specific focus questions each week about which they
direct their postings. For example, in the discussion board
posting completed as a follow-up to a class session on Silver
and Strong’s four learning styles (Mastery, Understanding,
Interpersonal, and Self-Expressive), students are asked to
complete two of the following four tasks and post their
responses onto Blackboard. Each task is created with a dif-
ferent learning style in mind (noted in parentheses):
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• Name the four Learning Styles, their abbreviations, and a
minimum of three characteristic and identifiable traits for
each style. (Mastery)

• In what ways do your thoughts about Learning Style
theory reinforce or “muddy the waters” from your previ-
ous notions about learning? (Understanding)

• Describe your feelings about your own Learning Profile
and speculate on how it may have positively and nega-
tively affected your personal and professional life. (Inter-
personal)

• Choose one of these: (Self-Expressive)
� Write a poem or song using Learning Style concepts.
� Write the dialog of an interview between your dominant

learning style and your learning style “shadow.”
� Create (and be ready to explain) a 3D representation of

your Learning Profile.

Final Project: Lesson Plan
As a final project, GESE students create a lesson plan for a 1-
to 2-h lesson based on their own laboratory research or on a
topic that their lab or department is investigating. Each
student decides what content area/topic to focus on, what
level of learner their lesson is meant for, how to accommo-
date different learning styles, how to make use of technol-
ogy, and how to assess “student” learning. The lesson must
not solely be a lecture-type format. The final project requires
inclusion of an active-learning component such as a
hands-on lab activity, a case study scenario activity, a com-
puter activity, a game, or any other type of activity that
would get their “learners” actively engaged.

Students are expected to use one of the three lesson plan
models (the 5E model, Madeline Hunter’s model, or the
ROPE model), or a hybrid of the models based on the
student’s choice of content and audience. The students are
also required to incorporate material covered during the
sessions on differentiated instruction and learning styles,
assessment, and social and diversity issues. Students are
also encouraged to include, as appropriate, what they
learned from their sessions on teaching undergraduates,
case study teaching, and computer-based instructional tools.

Short, weekly assignments provide students with a struc-
tured framework for applying what they learned each week
to the creation of their lessons. The weekly assignments are
designed to help students focus on the following aspects of
their projects:

• Assessment: How will you assess what your students
already know? What do you want your students to learn
and at what level of learning? What different kinds of
evidence will you collect to show that learning occurred?

• Lesson planning: How do you plan an effective lesson?
What lesson plan model will work best for you?

• Computer-based instructional tools: How could computer
software and the Internet be incorporated into your les-
son?

• Diversity, inclusion, and teaching within a social context:
How will you differentiate your lesson to create learning
opportunities so that all learners will be successful?

Students are provided with a “checklist” that they use to
self-assess their progress in completing their project. The
checklist asks students to answer focus questions that guide

them through the project. Examples of these questions range
from: “To what extent have you identified the major con-
ceptual understandings that you will assess as a result of this
lesson?” to “To what extent have you included instructional
methods that allow for diversity for students with learning
and/or physical disabilities?”

At the end of the semester, students submit a project
write-up containing the following:

• A lesson plan outline with a timeline
• Detailed descriptions of the lesson and activities (for stu-

dents and the teacher)
• A list of materials and instructional resources needed
• Suggestions for modifying activities and instructional

methods for different learning styles
• Student handouts
• Plans for assessment of student learning

The project write-up also includes a reflections section in
which students answer the following questions:

• Why did you decide to select this topic for your lesson?
• Why did you select this “student audience”?
• What were the reasons that you chose to design the lesson

this way?
• Why did you choose to use certain aspects of this course,

but not others?
• What part(s) of this assignment were easy for you, and

what part(s) were more difficult?

The project write-up is worth 25% of the final grade and is
scored using a point system (100 points total), with each part
of the project assigned a specific point value.

During the last two classes of the semester, each student
presents a summary of the design of their lesson in a brief
(15 min) PowerPoint presentation. The presentation does not
“teach” the lesson, but rather provides an overview of the
lesson’s learning objectives, instructional methods, and as-
sessments to be used. The presentations require students to
share their reflections on what they learned about being a
prospective teacher as a result of doing the project, as well as
what they found easy and difficult about the project.

Students rate each other’s presentations using a rubric to
assess 1) the organization of the presentation, 2) inclusion of
relevant information about the lesson, and 3) the visual
appeal of the presentation. The rubrics are collected and the
“reviewers’” scores are averaged. The student presentations
are worth 20% of the final grade.

Observations of Classroom Teaching
The graduate students are required to observe practicing
teachers leading three different types of science classes: a
high school class taught in a Rochester-area public school, a
class taught to high school students visiting UR’s LSLC, and
a college science class. To encourage graduate students to
make effective use of their classroom observation experi-
ence, they use a template for keeping their observation notes
and for reflecting on what they experienced in each class-
room. Students record information about the class make-up
(age, gender, and ethnicity) and how the classroom was
organized (seating in rows or in groups at tables). They
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summarize how the teacher taught the lesson, including
how the teacher assessed prior knowledge, communicated
expectations, checked for understanding, made transitions,
asked questions, and interacted with the students. They note
what the teacher did to promote students’ enthusiasm for
science and what classroom management techniques the
teacher used to ensure attentive involvement of all students.
The observation notes also include a reflection section that
asks the graduate students to share what they learned about
teaching and learning as a result of the observation and how
these experiences can be applied to their teaching. The grad-
uate students use this reflection section to offer any ques-
tions or concerns that they have about what they observe.
The teaching observations are worth 10% of the final grade.

COURSE OUTCOMES, 2006

Description of Graduate Students Enrolled
Sixteen students attended the GESE course during the
Spring 2006 semester. This was the second year that the
course has been offered. (Nine students attended the GESE
course in Spring 2005.) Fourteen students were officially

enrolled in the 2006 course, and two graduate students
audited the course.

As part of a career path introduction activity done during
the first class session, students discussed why they decided
to enroll in the GESE course. Student responses varied from
those who wanted to gain teaching experience “without
actually getting a teaching job” to others who wanted to
develop their communication skills to “help express
thoughts better.” Students also described the most influen-
tial teachers in their lives. Most often these teachers were
described as energetic and enthusiastic educators with a
“passion for learning and teaching.”

Final Projects
The final projects for the 14 students enrolled in the 2006
GESE course are summarized in Table 4. The graduate stu-
dents created lessons for a wide range of student audiences,
including visitors at a science museum, high school stu-
dents, graduate students, and pharmaceutical company re-
search managers. The learning objectives of the lessons re-
flected the diversity of the graduate students’ research areas
and ranged from very specific concepts in molecular genet-
ics (for example, a case study on the Drosophila GAL4 sys-

Table 4. Final projects of the students enrolled in the GESE course during 2006

Department Lesson title Target audience for lesson Instructional methods
Lesson plan

model(s)

Physics Introduction to color vision
for a museum audience

General public Demonstrations and
discussion

5E

Pathology Supersize me: mechanisms
of obesity-associated
insulin dependence

High school science class Incomplete notes (lecture),
case study research and
presentation

ROPE

Biochemistry Exploring microorganisms
in the everyday
environment

High school life sciences class Case study, lab activity Hunter

Biochemistry Ecology Undergraduate science or
nonscience majors

Observation of natural
world

5E

Biochemistry Introduction to RNA
secondary structure

Physics/engineering graduate
students

Individual and group
hands-on activities and
discussions

ROPE,
Hunter

Physics The infrared and infrared
astronomy

High school science class Hands-on activities, lecture 5E

Toxicology Cancer: biology, cause and
treatment

Undergraduate biology majors Case study, computer lab
activity

ROPE

Biochemistry Ketogenesis and the role of
mitochondria

Undergraduate biochemistry class Case study 5E

Biomedical Genetics A case study in the
Drosophila GAL4 system

Undergrad biology majors Case study 5E

Microbiology and
Immunology

Roles of TNF� in liver
disease

Pharmaceutical company research
and development managers

Small groups design
hypothetical experiments

ROPE

Biochemistry DNA structure and
function

High school biology class Case study, lab activity 5E, ROPE,
Hunter

Neurobiology and
Anatomy

Action potentials: origins
and conduction

Undergraduate biology majors Lecture, hands-on lab ROPE

Biochemistry HIV and drug design Undergraduate biology majors Lecture, group activity Hunter
Biomedical Genetics Using genomics to identify

drug targets for cancer
therapy

Undergraduate biology majors Lecture, lab activity,
PubMed Literature
search

5E

ROPE, Review, Orientation, Process (Presenting, Processing, Practicing, Producing), and Evaluation; Hunter, Madeline Hunter’s Effective
Teaching model; 5E, Engage, Explore, Explain, Elaborate, and Evaluate.
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tem) to very general understandings of the natural world
(for example, an ecology lesson). All of the projects incor-
porated one or more student-centered instructional meth-
ods, with case studies being the most popular of the ap-
proaches. Only a few of the projects used lectures in the
lessons. One project (Super-size me: mechanisms of obesity-
associated insulin dependence) used an “incomplete notes”
lecture format, in which the lecture notes are provided in an
incomplete form that the students fill in as the lecture
progresses. Students made use of all three types of lesson
plan formats. One of the projects (Introduction to RNA
Secondary Structure) used a hybrid of two lesson plan for-
mats, whereas another project (DNA structure and function)
merged three different lesson plan formats.

Student Evaluation of the GESE Course
Course evaluation surveys were administered to students on
the last day of class. Fourteen students completed the sur-
veys in class and turned them in anonymously. Two stu-
dents were absent that day, and one of these students com-
pleted the survey later that week and submitted it via
intercampus mail. The following are summaries of student
answers to some of the survey questions.

What part(s) of the course did you like best and why? This
question drew a wide variety of responses. Students liked
the sessions on differentiated instruction and learning styles,
as stated by one student, “I think it is very important as a
foundation for developing lessons and class activities that
really facilitate multiple ways to learn.” Students appreci-
ated learning about different instructional techniques, such
as case studies and the use of computer-based tools. “I felt
like I assembled a teacher’s ‘toolbox,’ ” stated one student.
Class observations were mentioned by five of the students as
being their favorite part of the course, because it allowed
them to see real-life examples of teachers using the same in-
structional methods that they learned about in the classroom.
“I enjoyed interacting with teachers and getting many different
types of input on education/lesson planning.” “The classroom
observations were very revealing. I really enjoyed doing the
observations because it gave authenticity to what we learned in
class.” Students liked the interactive format of the class discus-
sions, especially the panel discussion on undergraduate teach-
ing. They also noted how Blackboard was used as an assess-
ment tool, so that it was “nice to be able to come in and absorb
without an exam looming every week or so.“

In What Way(s) Did This Course Meet Your Expectations?
Most of the responses to this question indicated that this
course provided the graduate students with a good over-
view of the teaching process, including lesson planning and
instructional techniques about which most of them had been
unaware. As stated by one student, “I have a much better
understanding of the education process. It was an excellent
overview of everything!” “It opened my eyes to a lot of the
aspects of teaching and what would be required” was an-
other comment. Students indicated that the course provided
students with tools that they can use to go beyond lectures.
For example, one student stated “If you asked me to design
a lesson before this class, I’d have probably just come up
with a lecture. That I now think in terms of activities and
learning styles is a big plus,” whereas another student

stated, “I gained insight in how I as a teacher can really teach
in a way that facilitates learning.” Several students men-
tioned that this course has now made them feel more con-
fident about teaching. “I feel that I could walk into a class-
room and at least have a fair shot at being a successful
teacher,” stated one student, whereas another declared, “I
expected that this would help me decide how I feel about
teaching science—it did—I love it!”

In What Way(s) Did You Find This Course Relevant to Your
Development as a Graduate Student? Answers to this ques-
tion revealed the frustration that many students felt about
their prior experience in undergraduate and graduate
courses, which are often lecture-based and unengaging. As
stated by one student, this course “sadly embittered me
further on the low quality graduate lectures I’ve had.” Stu-
dents overwhelmingly agreed that this course was very
relevant to their future, despite the lack of importance that
some faculty place on preparing graduate students to be
future science educators, and “My PI [principal investigator]
told me this class was ‘self-indulgent’ and would be of no
use to my career. I feel the opposite. I feel like I am better
prepared to become an instructor. I am more aware of the
learning styles of my audience.” Nine students commented
on the need for scientists to develop effective communica-
tion skills. “Regardless of whether I decide to teach, I will
still need to communicate effectively,” commented one stu-
dent, whereas another student wrote, “Whether speaking to
peers or to students, it is important to communicate well in
a way that is engaging to one’s audiences.” As summed up
by one student, “We are not trained to think this way when
research communication is essential.”

Suppose Other Graduate Students Ask You for Information
about This Course. What Will You Share with Them? Stu-
dents indicated that they would share with others the rele-
vance that this course has, especially for graduate students
who cannot spend much time away from their research to
pursue additional coursework. “It is an excellent opportu-
nity to get their feet wet in education while still maintaining
research. It was nice not to have to get a degree in education
to gain an understanding.” Several students indicated that
they thought this course should be taken by all graduate
students: “Even if they don’t see teaching in their future, it
will help them.” “I think this should be a required course,”
said one student, “The course will give [students] exposure
to teaching that they otherwise will not get as grad stu-
dents.” “Anyone who wants to be an effective teacher
should take this course. It makes you consider things you
have never thought of that will make you a better teacher.”
As aptly stated by another student, “TAKE IT! It will change
the way you think about learning and education.”

CONCLUSIONS AND PLANS FOR THE FUTURE

The goal of the GESE course is to provide graduate students
with a fundamental understanding of the theories of educa-
tion and the principles and concepts of differentiated in-
struction that will be relevant to their future careers as
educators. We have successfully met this goal by designing
and implementing class sessions that include an overview of
how students learn, as well as modeling and coaching some
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practical aspects of science education pedagogy and lesson
planning. Through students’ final projects and their class-
room discussions, online reflections, and written surveys we
have collected evidence that this course has been successful
in that students have attained an increased knowledge base,
they have developed skills in curriculum design, instruction
and assessment strategies, and they have developed positive
attitudes toward their teaching abilities.

Students’ increased knowledge base is evident in their
incorporation of vocabulary and concepts presented to them
in the course sessions. Students’ skill development is appar-
ent in their application and use of these concepts in their
final projects. Students are able to apply what they learned
in the GESE classroom sessions to designing lessons that use
effective, engaging instructional strategies and assessment
approaches to meet the needs of learners of varying abilities.
Student’s use of “assessing prior knowledge” and formative
assessments within their lessons provides powerful evi-
dence for change of thinking (and skills). Before this course,
we could predict that none of the students would show
evidence of either knowing about applying learning theory
or differentiated instruction and incorporating these strate-
gies into lessons that reflected these ideas. Now, all of our
students understand and can make use of these instructional
and assessment strategies.

The increase in students’ confidence in their teaching abil-
ities is an unanticipated positive outcome of this course. This
attitude change is something that emerged from the class-
room and online discussions and surveys and was not part
of our original goals when we developed this course. Students’
attitude changes are documented in the online discussions and
the comments included in the course evaluation surveys. Stu-
dents indicated that they gained confidence in their abilities to
teach because we prepared them with a “toolbox” of skills,
from curriculum development to instruction to assessment.

The year-end course evaluation surveys ask students
questions that have helped to guide our program’s improve-
ment. This formative feedback has been used to shape course
changes as the course has been modified from 2005 through
2007. For example, the initial 2005 course had more of a focus
on secondary education (because the expertise of many of the
2005 course presenters is in secondary education) and in pre-
paring graduate students to participate in science outreach
programs. On the basis of formative feedback from the surveys
and informal discussions with individual students, we began
to shift our focus in 2006 to include undergraduate teaching.
The 2007 GESE course focused even more of the course ses-
sions and assignments on undergraduate teaching.

On the basis of student feedback, we will make slight
modifications to the GESE course to give students more
opportunities for practicing their teaching at various time
points during the semester. We will also provide students
with more experience in writing short lessons using several
different instructional methods. Students requested that
more time be devoted to lesson planning and other “skills of
the trade.” Additional changes in the GESE course will
include a session about course planning, and students will
be provided with more time to practice mini-teaching in
small groups in class. We also plan to evaluate one impact of
the course by investigating whether final project lessons
more reflect students’ own precourse ideas and concepts
about what constitutes a “good” lesson or whether there is a

correlation between our students’ learning profiles and the
level of the skills that they develop in creating lessons that
reflect differentiated instruction.

Several students suggested in their course evaluation sur-
veys that less time be devoted to covering social issues in
education (such as diversity and accommodations). We will
accomplish this by weaving these topics throughout the
semester, rather than devoting three separate 2-h sessions to
social issues as we have done in previous years. We will
examine areas of disparity in the classroom and introduce
students to research-based instructional strategies and re-
sources that they can use to address equity issues and to
support student achievement.

Graduate students who want to gain more experience in
teaching can participate in semester-long, part-time intern-
ships at UR’s LSLC. Here they work with LSLC staff to
coteach a variety of hands-on learning experiences for sec-
ondary students, including laboratory activities in molecular
biology, genetics, and microbiology. Each LSLC intern also
gains additional experience in lesson planning by creating a
“Case Studies in Science” lesson based on her/his own
laboratory research and then teaching the lesson at an LSLC
workshop for local science teachers. Graduate students par-
ticipate in LSLC teaching internships with the approval of
their faculty research advisor, and this experience requires
additional time spent over and above the graduate student’s
laboratory research. The five LSLC interns during the 2006–
2007 school year completed the GESE course, either in 2005
or 2006 (one LSLC intern is a postdoctoral fellow who at-
tended the GESE course when he was a graduate student).
Graduates of the GESE course who are currently participat-
ing in LSLC internships will colead a future GESE class
session that features the case studies they create.

It is hoped that the early development of knowledge and
skills about teaching and learning will encourage graduate
students to continue their growth as educators throughout
their careers. Of the 23 students who enrolled in the GESE
course in 2005 and 2006, five have participated in the LSLC
teaching internship, and one is currently pursuing a master’s
degree in education at UR. We are developing a plan to track
our students through their graduate school years and after
they graduate in order to study the long-term value of the
GESE course and whether this course has an effect on grad-
uate students’ future career choices.

In the report Evaluating and Improving Undergraduate
Teaching in Science, Technology, Engineering, and Mathematics
(NRC, 2003), the NRC made recommendations about im-
proving undergraduate education in our nation’s colleges
and universities:

Teaching effectiveness should be judged by the qual-
ity of student learning. Definitions of effective teach-
ing. . . . in the institution should take into account
what is known about student learning and academic
achievement. Quality teaching and effective learning
should be highly ranked institutional priorities. Uni-
versity (and college) leaders should clearly assert high
expectations for quality teaching to newly hired and
current faculty. . . . [All faculty] should be given op-
portunities for ongoing professional development in
teaching and recognized and rewarded for taking ad-
vantage of those opportunities.
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It is our expectation that the graduates of the GESE course
are better prepared to understand student learning, effective
and research-based instructional practices, and quality
teaching. The primary goal of GESE is to prepare them in
this way before they accept a position that requires them to
teach. It is hoped that they will be more knowledgeable
about teaching and learning; better skilled to instill in their
future students their passions for science, technology, engi-
neering, and mathematics and for teaching these subjects;
and do so in way that attracts and retains more young
scientists into these fields. Unlike Bower, our students
should be able to look back on their teaching and cite the
positive effects of their good work with students.
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