
RESEARCH CORPORATION FOR SCIENCE ADVANCEMENT 
Cottrell Scholar Award Application 

Page 6 of 13 
 

EDUCATIONAL PROPOSAL: Each applicant is expected to propose a plan that has promise to improve undergraduate science 
education.  This is an opportunity to share the philosophy and principles that guide you as a scholar-educator.  Competitive applications 
must include concrete examples of efforts to date, your educational plan, and how that plan supports and complements your 
department’s undergraduate educational priorities.  Your educational plan must be substantive and demonstrate a long-term 
commitment to your role as a scholar-educator.  RCSA program officers screen educational plans/proposals initially, and only those that 
pass this screening are submitted to peer review of both the education and research proposals, giving equal weight to both.   
 
STATEMENT OF THE PROBLEM, SIGNIFICANCE OF THE PROBLEM, AND YOUR PLAN OF PROCEDURE (Describe your 
department’s recognized areas of educational priorities and explicitly detail how your plan fits.  State clearly the problems or issues you 
wish to address and how they relate to any ongoing work.  Cite precedent.  Carefully outline the importance of your plan and the impact 
it may have on your undergraduate students.  A viable approach should be given, including examples from your own experience and/or 
from the literature.  Indicate ways in which the completion of this work has a broader impact.  Use Arial 11 point font.  Limit to four 
pages.) 
 

Statement of Problem. Despite the results of many studies indicating that undergraduate education should 
integrate research (e.g. concepts of experimental design, discovery, and the investigative nature of science) 
into both laboratory and lecture courses [12-15] curricula, the University of Virginia (UVa) Chemistry 
Department has, to a large extent, had the same biochemistry curriculum (with updated textbooks) for the last 
ten or more years. In addition, core subjects are taught in isolation and, therefore, do not reflect the 
multidisciplinary approaches used in most chemical fields nor the exciting multidisciplinary research conducted 
by so many of our faculty. As a result, many of the students lack the ability to integrate or apply the material 
they have learned, to teach themselves (finding resources beyond their textbooks), and to speak and write 
scientifically. My goal is to demonstrate that top-notch research is not mutually exclusive to undergraduate 
education and that both the faculty and undergraduates can benefit from a better integration. Therefore, I 
propose a lecture course (I have already implemented a laboratory course) that introduces students to the 
multidisciplinary aspect of modern research, integrates knowledge the students have gained, develops their 
analytical thinking skills, and cultivates their writing and speaking abilities.  
Background: Departments Educational Priorities and Current Programs. In 2009, the Chemistry 
Department conferred 119 chemistry degrees and 88 of these were with a B.S. in Chemistry with a 
Biochemistry focus, an American Chemical Society (ACS) certified degree. In 2008, the UVa Chemistry 
Department ranked fifth in the country in the number of ACS certified degrees conferred [16]. The core 
curriculum for the B.S. major is standard – one year of general chemistry with laboratory, one year of organic 
with laboratory, one year of physical chemistry, and one semester of inorganic. The department offers five 
areas of specialization and each has additional requirements. For biochemistry, one year of biochemistry and 
one year of biochemistry laboratory is required. For the ACS certification, students need two semesters of 
research credit.   
Undergraduate Research. UVa has amazing resources for undergraduate research. To foster and facilitate 
the excitement of research throughout the undergraduate community, students have created the 
Undergraduate Research Network (URN). The URN hosts two research symposia each year, convenes 
numerous workshops on such topics as “How to Get Involved in Research”, and publishes a journal of 
undergraduate research.  Approximately 20 undergraduate research grants are distributed by the UVa Center 
of Undergraduate Excellence (CUE) and ten from the Department of Chemistry yearly to fund UVa 
undergraduates to conduct summer research. UVa College of Arts & Sciences developed the College Science 
Scholar (CSS) Program, which introduces first-year undergraduates to scientific research. The program 
provides each student individual attention and close interaction with research faculty. Scholars have a faculty 
member as their advisor and have the opportunity to join a research laboratory as early as their first semester. 
During the first year, all scholars enroll in the year-long CSS seminar, where they meet science faculty from 
each of the participating departments, hear talks by research-active faculty, and visit research laboratories. In 
addition, UVa was awarded a 2010 Beckman Scholars Program. I participate in all of these programs as a 
Beckman scholar mentor, a CSS advisor and lecturer, reviewer of student proposals for the awards, judge of 
URN symposia, and by encouraging my undergraduate researchers to participate in events.  
Significance. When I arrived in 2007, there were no initiatives for integrating the biochemistry curriculum with 
research. Each lecture and laboratory was based on textbook and laboratory manuals. Scientific writing and 
speaking, reading primary literature, experimental design, and research–based investigative skills were not 
heavily integrated into the biological chemistry curriculum. I believe it is necessary to intertwine research with 
learning (in the classroom and the laboratory). Introducing experimental design, the scientific process, reading 
scientific papers, and generating hypotheses is of utmost importance and not found in textbooks. Teaching 
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EDUCATIONAL PROPOSAL: (continued) 
is not just transmitting knowledge; teaching only occurs if students’ learn and understand their potential to 
learn. Students need to be guided in making their own discoveries and understandings of scientific concepts. 
As scientists we should understand this very well. We are continually and actively learning to answer 
fundamental questions. Sometimes our hypotheses are right and most often they are wrong, but most 
important is the journey of learning through experiments, reading literature, and writing papers and grants. 
Although many of my colleagues recognize these aspects of learning, a dichotomy of teaching and research 
still exist in undergraduate education. In fact, the NSF, Keck Foundation, NRC, HHMI, and NIH all have 
significant efforts and reports that call for an education reform that does not accept undergraduate education 
and research as mutually exclusive endeavors of learning [12, 17, 18]. I have integrated the suggestions from 
these reports, as well as my own philosophies, to revamp the UVa Biochemistry undergraduate curriculum. 
Past Accomplishments. With the goal of establishing these concepts and experiences in my curriculum, I 
began my first course, Biological Chemistry I, with 150 students. I decided to incorporate reading and writing 
assignments into the course curriculum as well as active learning problem sets using molecular visualization 
software. There are several reading assignments (scientific papers and historical accounts). Three of the 
classes are open discussions about the process of scientific investigation and discovery using short historical 
accounts of significant events in biochemistry. I designed lectures to emphasize discovery and experimentation 
aspects of science which are often forgotten in the classroom and only encountered with research experience. 
Ninety-nine of the 146 students evaluated the course in 2007 and 55 wrote unsolicited specific comments. The 
following are sample quotes from the students. 
 
 “I also like how the textbook was not the only source we used. By reading articles and other sources, we 
realized that biochem isn't localized. It is constantly changing, which personally makes the course and subject 
matter very exciting. The stuff we're learning is actually people's profession. It's a privilege to know that we get 
to read some of these people's life's work.” 
 
“I really liked reading current science articles. I have to admit I hated it at first, but once you get used to it 
they're not as impossible to read, which is important for people to know.” 
 
 “With the Projects, it was neat to read the associated scientific literature and realize that I could understand it 
because it applied to what we'd learned in class.” 
 

I was able to continue to execute my education goals through the re-design of Biological Chemistry 
Laboratory II in Spring 2009. I devised a research-based laboratory focused around the functional 
characterization of proteins that have not previously been investigated. The students are responsible for a 
bioinformatics investigation of the putative protein function, designing and performing an appropriate 
spectroscopic assay for the putative function, and, time permitting, a systematic perturbation of the assay. At 
the end of the course student groups prepare a manuscript and present a poster on their results. The research-
based design allows students to make scientific contributions and understand the scientific process, which 
provides them a context and application for all the chemistry knowledge 
that they have gained. That is, research is the conduit to learning and the 
experience is academically intense and challenging. I was incredibly 
impressed with the students’ performance and the results. A summary of 
the results from the 10 week semester can be found at 
http://www.columbuslabs.org/about/summary-of-results-from-chem452/. 
This course provided the department a starting block for an HHMI 
undergraduate education proposal (submitted in October 2009) that aims 
at integrating scientific research into undergraduate education. This semester, the course is taught by Prof. 
Cameron Mura. He has maintained the format and chosen ten different proteins for the students investigate.   

In the Spring of 2009, as a Mead Honored Faculty Award recipient, I hosted a weekly lunch series for 
eight chemistry majors conducting research in laboratories of different chemistry disciplines. We met each 
Friday (catered lunch); one of us would present and I (or the student) would lead a discussion afterwards. First, 
we presented the background and significance of our research and, then, we presented a piece of data we 
obtained and talked about the technique and interpretation of the results. As I learned later, the format was 

http://www.columbuslabs.org/about/summary-of-results-from-chem452/
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EDUCATIONAL PROPOSAL: (continued) 
similar to the “No Dumb Questions” seminar designed by the Wisconsin Program for Scientific Teaching [19]. 
  I started my laboratory with two undergraduates and most of the preliminary data that went into my 
successful RO1 proposal was generated by these two undergraduates. Since then, I have had around six 
undergraduates in my laboratory at any given time. I have had three undergraduates start in their first year of 
college (two from the CSS program). Each undergraduate is fully immersed into the laboratory – they have 
their own projects, give group meetings, have individual lab benches and work through the summer. Three of 
my students have received UVa Harrison Awards, one undergraduate – graduate student pair received a UVA 
Double Hoo fellowship, two have participated in national conferences, and one is the second author on a 
manuscript in preparation.  
Plan of Procedure. I am developing  an upper division biological chemistry course (~25 students) that will 
provide the undergraduates an opportunity to integrate all that they have learned, learn to teach themselves, 
and develop scientific reading and writing skills. The topic can vary from year to year (an important aspect of 
providing students with current topics). I will begin with “From Lab Bench to Your Medicine Cabinet” and use 
this topic as an example to outline a course that will provide students a wide exposure to a variety of 
interrelated fields. The first week of the course, students will host a prominent scientist (not at UVa). Starting 
with the very basic and fundamental concepts needed to understand the research, the invited speaker will 
gradually guide the students on a journey to exciting biomedical discoveries. Following the lecture, the 
students will host a dinner discussion with the speaker. The motivation to begin the course in this manner is to 
introduce multidisciplinary science and the excitement of research to the students in a small informal setting 
with a nationally recognized researcher and to provide an example for the students to base their presentations. 
The class will meet for one hour and fifteen minutes twice a week for the following ten weeks.  Each week will 
have a similar format and stress inquiry-based learning techniques [20, 21]. The first class of the week will be 
an in-class discussion of a scientific article that I have selected (Table 2) and the second meeting students will 
present on their semester topic. A group of four students will be assigned a topic related to the course and will 
present two half-hour seminars on the topic. The first presentation will be on the background and significance 
of the scientific discovery and the second presentation will be a technical description of the discovery. The last 
three weeks the students will meet in groups to integrate their research for individual research papers and 

make a 5 minute video for the layperson explaining the history and how research contributed to the scientific 
discovery. The final video will be published on the class website and posted on YouTube. I will also use the 
material for a community lecture for venues such as the League of Women Voters to educate the public about 
scientific funding. 

For the “From Lab Bench to Your Medicine Cabinet” series (Fall 2011 - if funded), we will focus on 
methods of drug discovery and the students will present on particular drug discoveries and their mechanism of 
action. A potential speaker for the first week is Richard DiMarchi (Cottrell funds will pay for travel). I have 
selected weekly topics of focus (Table 2), chosen articles and reviews and designed questions for each article 
to aid in the discussion (similar format to “In-class discussion” by Prof. Schepartz [20, 21]).  The students will 
give two group presentations (Background & Significance and Mechanism of Action) and each will prepare a 
15 page paper on the mechanism of action, the timeline (historical perspective) of discovery, importance of 
pharmacokinetics, and discuss the role of basic research in the drug discovery. In addition, the group will 
prepare a video using cameras purchased with Cottrell Scholar funds and Window’s Movie maker or Mac’s 
iMovie. 

Table 2. “From Lab Bench to Your Medicine Cabinet” outline and material
Week In-class discussion topic Article and in-class 

discussion questionsa 
Student Presentations 

1 Outside speaker 
2 Natural Products Guo et al.  
3 Fragment based screening McLean et al. Background & Significance of Erythromycin and Amprenavir  
4 Proteomics  Depontieu et al. Background & Significance of Lipitor and Paclitaxel 
5 Combinatorial Scott et al. Background & Significance of Rituxin and Prozac  
6 Rational design Muley et al.  
7 siRNA Liu et al. Mechanism of Action of  Erythromycin and Amprenavir  
8 Gene therapy Asokan et al. Mechanism of Action  of  Lipitor and Paclitaxel  
9 Pharmacokinetics McGinnity et al. Mechanism of Action  of  Rituxin and  Prozac  
10 Liposomal delivery Song et al.  
11 Ethics Preziosi and  Heemskerk et al. 
a items that are blue and underlined are hyperlinks click to view material 

http://www.columbuslabs.org/wp-content/uploads/2010/03/week2.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week3.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week4.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week5.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week6.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week7.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week8.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week9.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week10.pdf
http://www.columbuslabs.org/wp-content/uploads/2010/03/week10.pdf
http://www.indiana.edu/%7Erdmweb/
http://www.columbuslabs.org/about/bench-to-medicine-cabinet/
http://www.schepartzlab.yale.edu/chembiolsoph/lecture.html
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ASSESSMENT PLAN: Define expected outcomes of your educational plan.  How will your evaluation design provide information to 
improve your project as it develops and progresses?  How will you determine whether your stated project objectives are being met 
according to the proposed timeline? 

Identify departmental or institutional colleagues who might play a role in this educational endeavor (as mentors, collaborators, etc.) as 
appropriate and describe the role they will play. 

LETTER OF SUPPORT: Include a letter of support from your Departmental Chair, Dean or Provost that endorses your
educational proposal and indicates why you are the appropriate faculty member to undertake this project.  Insert this letter as Page (9a) 
of your application. 

The introduction of research into a course for Chemistry majors with a Biological Chemistry focus will 
profoundly change the way the students view science. By breaking away from a traditional approach, 
which is largely based upon teaching methods or experiments with pre-defined outcomes, I believe 
students will experience scientific problem solving and excitement. The anticipated outcome is that 
participating students will gain an understanding of the scientific process, develop integrative scientific 
thinking abilities, and improve their scientific writing and speaking skills. The achievement of these 
outcomes will be assessed with three survey methods: a mid-semester class survey, the UVa course 
evaluations (end of the semester and modifiable by the instructor), and the HHMI Cure survey (beginning 
and end of the semester). The mid-semester survey will be used to assess how time consuming the 
course is (number of hours spent each week), suggestions (often there are simple changes that the 
students have which I just haven’t thought of), and how they are dealing with the level of independence 
(based on my experience with the laboratory course, there is a stage of resentment before embracing the 
independence and talking about the issue helps get everyone on the same page). The course evaluations 
and HHMI survey results will be used to develop the course for the future. Specifically, the survey will 
address the course topic, paper selections, overall experience and what the students felt they gained by 
taking the course. The HHMI survey allows us to compare the student’s ideas and opinions before and 
after the class. In addition to surveying the students, I will have colleagues (Profs. David Cafiso and 
Cameron Mura) view the final video projects and papers to provide feedback on the strengths and 
weaknesses, which I can address in the future classes. 

The UVa Teaching Resource Center (TRC) provides resources and mentoring to the faculty as well as 
seminars and personal consultations about developing curriculum. I intend to use this resource as needed. 
In addition, there are several faculty in the Chemistry Department that have expertise in areas that will be 
covered in “From Lab Bench to Medicine Cabinet” that have agreed to mentor (answer questions I may 
have about the material and teaching the material) and collaborate (it would be great for the students if 
they could attend the in-class discussion): Profs. Jim Marshall, Natural products; Donald Hunt, Proteomics; 
Timothy Macdonald, Pharmacokinetics; Mario Geysen, Combinatorial chemistry; John Bushweller, 
Rational design and Cameron Mura, Fragment-based screening and computational methods.  

http://www.grinnell.edu/academic/psychology/faculty/dl/surecure#cure
http://trc.virginia.edu/home.htm
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LIST OF REFERENCES: (Annotate the proposal with a list of references from the primary literature.  Include all authors and titles.
If more space is required, attach a maximum of one additional page.  Use Arial 10 or 11 point font.) 
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