INTRODUCTION

OF |

SCIENCE RESEARCH TRAINING
INTO THE CURRICULUM

Sabbatical Project Report
Fall 2006 — Spring 2007

Jenny S. Chen
Chemistry Department



TABLE OF CONTENTS
Acknowledgments
Statement of Purpose

Project Activities
Part 1: Research and Investigation on Research Training Courses

Research Approach and Methodology

Summary on Courses Offered by California Universities/Colleges
Summary on Federal-Funded Programs

Summary on Exemplary Courses/Programs in Literature
References

Part 2: Design of the 1 Course — “Introduction to Science Research”

Course Goals and Pedagogy
Course Topics and Activities
Methods of Evaluation
Course Assessment

Part 3: Design of the 2™ Course — “Science Research Methodologies and
g g
Instrumentation”

Course Goals and Pedagogy
Course Topics and Activities
Methods of Evaluation
Course Assessment

Part 4: Development of Course Materials

Overall Approach
Resources and Course Materials for the 1% Course
Resources and Course Materials for the 2™ Course

Conclusions

Sabbatical Project Summary
Value of the Sabbatical Project to the College

Appendices

Appendix A: Sabbatical Leave Proposal (November 2006)

Appendix B: Case Studies for the 1% Course

Appendix C: Guided-Inquiry Modules and Projects for the 2™ Course
Appendix D: Project Summary for Grant Proposal Awarded by NSF

7
34
48
65

71
74
79
80

82
85
87
88

90
92
99

102
105

109
121
133
184



ACKNOWLEDGMENTS

I would like to acknowledge the invaluable support that many people have
provided during the course of my sabbatical leave from Mt. San Antonio College. First
and foremost, I am enormously grateful to the college administration and leadership, as
well as the Salary and Leaves Committee for granting me this wonderful opportunity to
work on the project. On both professional and personal levels, it is very exciting for me
to see that the idea of introducing science research training into the curriculum at Mt.
SAC is well received and supported. I deeply appreciate working at an institution that is
strongly committed to educational excellence and fully supports faculty development.

I am also grateful for the continuous support from both the Natural Science
Division and the Chemistry Department. I wish to express my sincere appreciation to
Larry Redinger (Dean of Natural Sciences Divisi:)n) and Debbie Boroch (Associate Dean
of Natural Sciences Division) for their unwavering support and exemplary leadership
throughout the years. To all of my colleagues in the Chemistry Department, I am

thankful for their support for my sabbatical project and their shared commitment to

providing quality education to our students.



STATEMENT OF PURPOSE

The purpose of this sabbatical project is to research, design, and initiate the
establishment of two research training courses — “Introduction to Science Research” and
“Science Research Methodologies and Instrumentation” — in the Chemistry Department
at Mt. San Antonio College. The eventual goal of these courses is to serve as gateway
courses to effectively prepare students for research projects on campus, summer research
at other institutions, research at their transfer institutions, and future careers in science.
Ultimately, these courses will provide the rare opportunity for students to think and work
like a scientist, improve problem-solving skills, develop professional communication
skills, enhance teamwork skills, increase self-confidence as an independent
learner/researcher, and gain proficiency in the use of scientific instrumentation.

To accomplish this goal, the first imperative step of the sabbatical project is to
conduct a comprehensive research and investigation process on similar types of courses
offered at other institutions. This comprehensive search consists of three main
components, each with a specific objective:

e Search the catalogs of all California universities and four-year colleges for
research training or research-related course offerings and examine their course
content. Since most Mt. SAC students transfer to institutions within California,
the objective of this search is to provide valuable insights on what the students
should be prepared for upon transferring and to create a course that is most
beneficial to our students.

e Search the major federal funding agencies websites for past grant awards that

support research training or research-related programs. The objective of this



search is to locate federal-funded undergraduate research opportunities that Mt.

SAC students can participate in.

e Search relevant journals for research training, research-related courses and
implementation of research into the curriculum. The objective of this search is to
identify successful practices on a national level that enable faculty (and
institutions) to design, implement, and sustain a research-supportive curriculum.

Once the comprehensive research and investigation phase is completed, the compiled
data are summarized and analyzed.

The second important step of the sabbatical project is to design the two courses
based on the results from the comprehensive search. Results are utilized to evaluate,
assess and determine the essential components for the two courses, using the initial
outlined topics (in the sabbatical project proposal) as the template. Course goals,
objectives, topics, methods of evaluation and assessment are established.

The last crucial step of the sabbatical project is to create and develop course
materials according to the selected topics. The approach utilized here is to adopt and
adapt appropriate case studies, inquiry-based experiments, and discovery-based projects
that have been published or cited in literature as successful practices. Specifically, key
selection criteria include relevancy to the courses’ objectives and topics, ability to
stimulate student interest, and capability to provide hands-on training of instruments. In
addition, both courses should offer valuable opportunities for students to share their work
with their peers in a professional manner via oral and written scientific presentations.

In any academic endeavor, the fundamental purpose is to provide quality

education to the students, and this sabbatical project is no exception. Since



undergraduate research plays a pivotal role in science students’ success to graduation and
their choice to pursue careers in sciences, the development of these two research training
courses serves to effectively provide such invaluable, exceptional learning experiences to

the general student population at Mt. SAC.



PROJECT ACTIVITIES

Part 1: Research and Investigation on Research Training Courses

RESEARCH APPROACH AND METHODOLOGY

To design research training courses that are most beneficial for Mt. SAC students,
it is imperative to first conduct a comprehensive search and investigation on the similar
type of courses offered at four-year institutions. Specifically, the focus is on the most
popular universities and colleges that Mt. SAC students transfer to, so that the students
will be properly prepared to participate in undergraduate research upon transferring to
these institutions. According to Mt. SAC’s Career and Transfer Services, the most
popular schools that students transfer to include UCLA, UC Irvine, UC Riverside, UC
Berkeley, Cal Poly Pomona, CSU Fullerton, CSU Los Angeles, CSU San Bernardino,
University of Phoenix, Azusa Pacific University, DeVry University, USC, and Chapman
University. Since all of these institutions are located in California, therefore, a thorough
search of the catalogs for all California universities and colleges becomes the first step in
this research phase of the sabbatical project. Specifically, this search includes the 10
University of California (UC) campuses, 23 California State University (CSU) campuses,
and other private/independent universities and colleges in California. The search
concentrates on any type of undergraduate research training or research-related courses in
Chemistry and their course content. With the availability of information online, most of
this research is conducted via the institutions’ websites.

The second step in the research and investigation process involves searching for
any type of undergraduate research training or research-related courses/programs in

Chemistry on a national level. After much consideration, it is determined that simply



searching the catalogs of every four-year institutions that offered Chemistry degrees is
not only extremely time consuming, but highly inefficient in identifying the successful
cases of science research implementation into the curriculum. Instead, the approach
utilized for this sabbatical project is to search the websites of major federal funding
agencies to investigate which institutions have received funding in recent years to create
research-related programs, especially ones that provide opportunities for undergraduate
research for community college students. The targeted funding agencies include National
Science Foundation and National Institute of Health, since these are the primary funding
agencies for promoting and advancing science education and research in United States.
Both of these agencies offer various types of funding in different categories; therefore, a
thorough search for past awards in relevant categories is conducted.

In addition, the research process also focuses on relevant journals such as Journal
of Chemical Education as well as publications from Council on Undergraduate Research
and Chemical & Engineering News. Again, the objective here is to seek out successful
practices on a national level in an effective and efficient manner, with specific focus on
research-related course, programs and curricula. Since Journal of Chemical Education
serves as the main platform for communicating educational innovations in chemical
sciences, the research and investigation process for this journal involves both utilizing the
online search engine for all the issues as well as meticulously examining all the articles in
issues from years 2000 — 2007 for relevant publications and useful references.

To complete the research and investigation phase, attendances at two conferences,
one national (Council on Undergraduate Research’s 2006 National Conference —

Learning Through Research: Dynamic Faculty, Students, and Institutions) and one local



(Council on Undergraduate Research’s 2007 Regional Workshop Program on
Institutionalizing Undergraduate Research), are served as opportunities to dialogue with
specific faculty from various institutions that offer research training courses or have
implemented research components into the curriculum. The objective here is to learn
about successful practices to adopt, challenges to overcome, and pitfalls to avoid.

The overall goal in these research and investigation efforts is to obtain a
comprehensive understanding on the current status of Chemistry research training in
California universities and colleges, types of research programs available to Mt. SAC
students, as well as the existing progress of successfully implemented research-related
curricular practices on a national level. The collected data and analyzed findings from
this research process are summarized in the next three sections of the report. These three
summaries also identify patterns of similarities and differences, as well as key
components in the various courses or programs. Ultimately, the analyzed results will
then be utilized to evaluate and determine the essential components for the two proposed
courses in the sabbatical project (using the outlined topics in the sabbatical proposal as
the template); the design of the two proposed courses will be described in detail in Parts 2

and 3 of this report.



SUMMARY ON COURSES OFFERED BY CALIFORNIA
UNIVERSITIES/ COLLEGES

The results of searching the catalogs for all California universities and colleges
for any type of undergraduate research training or research-related courses in Chemistry
and their course content are summarized here in three sections — UC campuses, CSU

campuses and private/independent institutions.

UC Campuses

Research shows that all ten UC campuses do not offer any formal research
training course in Chemistry. However, nine of the ten UC campuses offer some type of
undergraduate research-related course in Chemistry. The remaining UC campus, UC San
Francisco, which does not offer undergraduate degree programs, is not included in this
discussion. The following table summarizes the details of these undergraduate research-
related courses in Chemistry for the nine UC campuses, with the four most transferred

destinations for Mt. SAC students listed first.



Table 1. Summary of undergraduate research-related courses in UC schools.

School Course | Course Title Course Description Number | Prerequisites

number of Units

UC Introduction to | One hour of seminar per week. Introduces Freshman standing in

Berkeley C96 Research and | freshmen to research activities and 1 chemistry or chemical
Study in the programs of study in the College of engineering major or
College of Chemistry. Includes lectures by faculty, an consent of instructor.
Chemistry introduction to college library and

computer facilities, the opportunity to meet
alumni and advanced undergraduates in an
informal atmosphere, and discussion of
college and campus resources. Must be
taken on a passed/not passed basis.

*Lower division course.

H194 | Research for Course may be repeated for credit. 2-4 Minimum GPA of 3.4
Advanced Minimum of three hours of work per week overall at Berkeley and
Undergraduates | per unit of credit. Students may pursue consent of instructor and

original research under the direction of one adviser.
of the members of the staff.

UCLA 196A | Research Tutorial, three hours per week per unit. 2-4 Junior standing with a 3.0
Apprenticeship | Limited to juniors/seniors. Entry-level GPA in the major OR
in Chemistry research apprenticeship for upper division senior standing OR consent
and students under guidance of faculty mentor. of the instructor and
Biochemistry | Consult department for additional department chair.

information regarding requirements,
enrollment petitions, and written proposal
deadlines. May be repeated for a

Note: To enroll, students
must completely fill out the




maximum of 8 units. Individual contract
required. P/NP grading.

*Take during the 1% and 2™ research

proper petition form and
write a proposal outlining
the research project. The
petition and proposal

quarters. MUST be evaluated and
approved BEFORE
enrollment is granted.
196B | Research Tutorial, three hours per week per unit. 2-4 Chem 196A (8 units)
Apprenticeship | Limited to juniors/seniors. Research
in Chemistry apprenticeship for upper division students
and under guidance of faculty mentor. Consult
Biochemistry department for additional information
regarding requirements, enrollment
petitions, and written proposal deadlines.
May be taken for a maximum of 4 units.
Individual contract required. P/NP or letter
grading.
*Take during the 3" research quarter.
199 Directed Tutorial, three hours per week per unit. 2-4 Chem 196B (4 units)
Research in Limited to juniors/seniors. Supervised
Chemistry and | individual research under guidance of
Biochemistry faculty mentor. Culminating report

required. May be repeated for a maximum
of 12 units. Individual contract required.
P/NP or letter grading.

*Take during final research quarters.




ucC 180 Undergraduate | The student wishing to engage in research < Consent of a faculty
Irvine Research for credit should arrange with a member of sponsor.
the faculty to sponsor and supervise such
work. A student time commitment of 10 to
15 hours per week is expected, and a
written research report is required at the
end of each quarter of enrollment.
H180A | Honors Undergraduate honors research in 4 Consent of instructor; open
H180B | Research in Chemistry. A student time commitment of 4 to participants in the
H180C | Chemistry 10-15 hours per week is required. 4 Chemistry Honors program
and to Chemistry majors
participating in the
Campuswide Honors
Program.
*Corequisite for H180C:
Chemistry H181 (Honors
Seminar in Chemistry).
ucC 197 Research for Outside research, 3-12 hours. An 1-4 Sophomore or junior
Riverside Undergraduates | introduction to the methods of research in standing; consent of

chemistry. Includes a research project
completed under the supervision of a
Chemistry faculty member. Students who
submit a written research report receive a
letter grade; other students receive a
Satisfactory (S) or No Credit (NC) grade.
Course is repeatable to a maximum of 6
units.

instructor.

Completion of one year of
general chemistry and
usually one year of organic
chemistry with a good GPA
&2.0)

10




199 Senior Outside research, 3-12 hours. Research 1-4 Senior standing; consent of
Research project completed under the supervision of instructor.
a Chemistry faculty member. Students
199H | Senior Honors | who submit a written research report
Research receive a letter grade; other students
receive a Satisfactory (S) or No Credit
(NC) grade. Total credit for CHEM 199
and/or CHEM 199H may not exceed 9
units.
ucC 194HA | Undergraduate | Independent study--2 hours. Original 2 Open only to chemistry
Davis 194HB | Honors research under the guidance of a faculty 2 majors who have completed
194HC | Research adviser, culminating in the writing of an 2 135 units and who qualify
extensive report. (Deferred grading only, for the honors program.
pending completion of sequence.)
UC San 199 Reading and Independent literature or laboratory 2or4 | Upper-division standing
Diego Research research by arrangement with, and under (have completed 90 or more
the direction of, a member of the units), 2.5 minimum GPA,
Department of Chemistry faculty. Students consent of instructor and
must register on a P/NP basis. department.
ucC 99 Introduction to | Directed study, normally experimental, to 1-3 Consent of instructor.
Santa Research be arranged with individual faculty
Barbara members. Course offers exceptional

students an opportunity to participate in a
research group. Basic techniques and the
operation of instruments used in research.
Tutorial, 3-9 hours. May be repeated to a
maximum of 6 units.

*Lower division course.

11




199 Independent Coursework shall consist of academic 1-5 Upper-division standing in
Studies in research supervised by a faculty member. the major; completion of
Chemistry and | This course is not intended for internship two upper-division courses
Biochemistry | credit. Tutorial, 1-5 hours. No more than in chemistry. Must have a
12 units of Chemistry 199 may apply minimum 3.0 grade-point
toward the B.S. in Chemistry. average for the preceding
three quarters.
ucC 180A | Senior An individually supervised course with *not Students submit petition to
Santa 180B | Research emphasis on independent research. specified | sponsoring agency.
Cruz 180C Multiple-term course extending over two
or three quarters; the grade and evaluation
submitted for the final quarter apply to all
previous quarters. May not be repeated for
credit.
UC 95 Undergraduate | Supervised research. 1-5 Permission of instructor
Merced Research required.
*Lower division course.
195 Undergraduate | Supervised research. 1-4 Permission of instructor
Research required.

12




Analysis of the above table reveals some important trends of similarities. First,
majority of these research-related courses (with the exception of three) are upper division
courses, limited to students with either junior or senior standing. Second, most of these
courses require instructor consent, indicating that students would have to take the first
initiative to contact the professors to express interest in research and that not all students
would be accepted into the course. Third, as reflected by the course descriptions, none of
these upper division research courses offer any formal training to the students prior to
engaging in a research project. Clearly, this implies that students with more research
training preparation would have a strong advantage in succeeding in these research
courses. Fourth, for five of the UC campuses, a GPA requirement is part of the
prerequisite. In addition, for the four most popular transfer destinations for Mt. SAC
students (UC Berkeley, UCLA, UC Irvine and UC Riverside), three of them require some
type of written research report in their courses.

As part of the research on these courses and the program requirements, an
important finding that relates to these courses, but not reflected in the above table, is
observed. For six of the UC campuses (UC Berkeley, UC Irvine, UC Davis, UC San
Diego, UC Santa Barbara, UC Santa Cruz), these research courses can count as upper
division electives toward completion of major requirements. In addition, for UC Merced,
five units of the research courses are required for all B.S. degrees in Chemistry,
regardless of individual emphases. Also, for UC Berkeley, all incoming students that
enter the College of Chemistry as freshmen are required to take the “Introduction to
Research and Study” course during their first fall semester. This trend in UC institutions

reflects the importance and pedagogical value of undergraduate research in education.

13



Based on the above observed patterns and the course requirements described in
Table 1, it is determined that in order to properly prepare Mt. SAC students to participate
in research upon transferring, they must be equipped with the following:

e Motivation to take initiative in contacting professors to seek out a research group
to work in;

e Ability to read and understand scientific literature;

e Capability to understand the various faculty research projects to discover one’s
research interest;

e Exposure to or hands-on experience in high-tech instrumentations in research;
e Experience in writing scientific proposals or reports;
e Communication skills to present research results in a scientific manner; and
e Ability to work independently.
These factors help to guide the selection of course topics as well as development of

course materials in the later stages of this sabbatical project.

CSU Campuses

Research shows that all 23 CSU campuses do not offer any formal research
training course in Chemistry. However, 21 of the 23 CSU campuses offer some type of
undergraduate research-related course in Chemistry. The two remaining CSU campuses
(California Maritime Academy and CSU Monterey Bay), which do not offer degree
programs in Chemistry, are not included in this discussion. The following table
summarizes the details of these undergraduate research-related courses in Chemistry for
the 21 CSU campuses, with the four most transferred destinations for Mt. SAC students

listed first.

14



Table 2. Summary of undergraduate research-related courses in CSU schools.

School Course | Course Title Course Description Number | Prerequisites
number of Units
Cal Poly Senior Senior level research or project. Individual Minimum GPA of 2.0 in
Pomona 491 Research consultation and supervision. Independent 3 major.
492 Project literature review, project design, data 3
collection and interpretation of results.
Formal report.
CSU 395 Undergraduate | Independent research in chemistry or 1-3 Completion of one upper-
Fullerton Research biochemistry under the guidance of a division course in
department faculty member. May be chemistry, one semester of
repeated for credit. Does not count experience working in a
towards major. 3 hours per week per unit. research laboratory, and
4 units maximum. consent of instructor.
495 Senior The methods of chemical research through Three one-year courses in
Research a research project under the supervision of chemistry, Chemistry 390
one of the Department faculty. May be (Careers in Chemistry and
repeated for credit. Only 6 units may apply Biochemistry), and consent
toward B.A. or B.S. degree. 3 hours per of instructor.
week per unit.
Corequisite: Chemistry 340
(Writing for the Chemical
Sciences).
CSU Los 499 Undergraduate | Ability to assume responsibility for 1-5 Requires a 2.5 GPA in
Angeles Directed Study | independent work and to prepare written chemistry courses or one

and oral reports. Independent research
project selected in conference with sponsor

advanced laboratory course
elective, and the consent of

15




before registration; progress meetings held
regularly. May be repeated to maximum of
9 units.

instructor to act as sponsor.

396 Honors Studies | Independent research in chemistry and 1-5 Entry into this research
in Chemistry biochemistry. Regular consultation with program requires a 3.0 GPA
research adviser; written thesis required. in all college work and in
Students must enroll for total of 5 units chemistry, averaged
before submitting thesis and receiving separately, and
grade. recommendations from at
least two faculty members.
Honors students must write a thesis based
on their research and pass an oral Participation in Chemistry
examination relating to their project. Honors Program, consent of
Students who complete this program an instructor to serve as
graduate with departmental honors. research adviser, and
approval of department
honors adviser.
CSU San 595 Independent Laboratory and/or library research 1-6 A minimum overall grade
Bernan- Study conducted under the direction of a faculty point average of 2.5,
dino member. Final written report required. A consent of instructor and

total of six units in CHEM 595 may be
applied toward the major.

departmental approval of a
written proposal of a project
submitted on a standard
application filed in advance
of the quarter in which the
course is to be taken.

16




CSU
Bakers-
field

480

Honors
Research

Individual study on a current research
problem with faculty supervision,
preparation of a paper. Course may be
repeated twice with permission of the
instructor. Normally a maximum of five
units may be used for major department
credit. Units in excess of five may be used
for upper division elective credit.

Invitation by faculty.

CSU
Channel
Island

494

Independent
Research

Provides student credit for independent
research (laboratory or library) that
culminates in a written and oral report.
Repeatable.

1-3

Consent of instructor.

CSU
Chico

490

Research in
Chemistry

This course is an independent study. You
must register directly with a supervising
faculty member. Original laboratory or
library investigation under individual
faculty supervision. You may take this
course more than once for a maximum of
4.0 units.

1-2

CHEM 332 (Physical
Chemistry).

491

Research
Project

A research project within chemistry or an
interdisciplinary project which involves
chemistry. Students will be involved with
design, library, laboratory, and data
analysis aspects of a research problem.

Open by invitation to
chemistry majors with a
GPA of 3.0 or higher;
faculty permission.

492

Research
Project

A continuation of CHEM 491.

CHEM 491. Faculty
permission.

17




499H | Honors This is an "Honors in the Major" course. Open by invitation to
Research You may take this course more than once chemistry majors who have
Project for a maximum of 6.0 units. This is a a GPA of 3.5 or higher.
writing proficiency, WP, course; a grade of Faculty permission.
C- or better certifies writing proficiency for
majors. ABC/no credit grading only.
*Not open to students who have credit for
CHEM 491 or CHEM 492.
CSU 497 Directed Advanced laboratory work, with each 3 Senior standing and consent
Doming- Research student undertaking an independent and of instructor.
uez Hills original investigation. CR/NC grading.
Repeatable course. Three or nine hours of
laboratory per week.
CSU 4810 | Undergraduate | Independent research under the guidance of 2 CHEM 3532 (Physical
East Bay Research a member of the Chemistry Department Chemistry Lab) and consent
faculty. May be repeated once for credit. of instructor.
Students should consult with faculty
members to determine specific research
opportunities.
CSU 190 Independent Almost all of the time is spent in the 1-3 Overall GPA of 3.0 or
Fresno Study laboratory, or search for and reading higher. Obtain the consent

chemical literature (library or online).
Must submit a concise, well-written,
comprehensive, and well-documented
Research Report. Maximum credit of 6
units is allowed toward the bachelor's
degree.

of an instructor, who will
guide the project, and the
chair of the department in
which the course is given.

18




Humbol- 495 Undergraduate | Individual investigation of selected 1-3 Instructor Approval.
dt State Research problem. Conference, reading, research.
Universi- Final written report. For students showing
ty outstanding ability. May be repeated.
CSU 466H | Research Introduction to hypothesis testing, 3 BIOL 211A,B (Biological
Long Design and experimental design, and regression Sciences), either BIOL 260
Beach Methods — modeling of biological data; (Biostatistics) or CHEM
Honors methodological and technical procedures 251 (Quantitative Analysis),
for experimentation; and techniques for CHEM 320A,B (Organic
written and oral presentation of research Chemistry), all with a grade
results. Research paper and oral of “C” or better, and
presentation required. Same course as completion of the GE
BIOL 466H. Letter grade only. Lecture 3 Foundation.
hours.
496 Special Problems selected for considered and 1-3 Consent of instructor.
Problems in mature analysis. A written report required.
Chemistry Also known as Undergraduate Directed
Research.
CSU 495 Directed A course designed for students of advanced 1-3 One course beyond CHEM
North- Undergraduate | rank and proven competence in chemistry. 102 (General Chemistry II)
ridge Research A program of original independent in the area related to the

research, culminating in a written report, to
be carried out under the direction of one of
the Chemistry faculty. Upon prior
approval by the Chemistry Department of a
detailed research proposal, the research
may be performed in industrial or medical
laboratories. In such a case, the research

research.

Interested students should
make arrangements with the
department as soon as
possible, preferably during
the previous semester.

19




report must be submitted to and evaluated
by a designated member of the Chemistry
faculty. This course may be repeated for
credit.

CSU
Sacra-
mento

189

Directed
Research

Directed undergraduate research involving
a project that requires inquiry and use of
chemical literature. A well-written,
comprehensive and well-documented final
report must be submitted to receive a final
grade. May be repeated; however only
three units may be applied toward the
major requirement in chemistry for the BA
or BS degrees. Additionally, the final
report must be based on experimental
techniques or advanced computer modeling
and demonstrate a significant ability to use
chemical literature and information
retrieval.

1-3

ENGL 020 or an equivalent
second semester
composition course and
instructor and department
chair permission.

198

Senior
Research

The student will conduct an independent
study of a chemical research topic that is
based on experimental techniques or
advanced computer modeling. Significant
use of chemical literature and information
retrieval is required. A well-written,
comprehensive, and well-documented final
report must be submitted to receive a final
grade. A weekly seminar is required.
Seminar one hour, laboratory activities are
a minimum of six hours per week.

One upper division
chemistry laboratory class,
ENGL 020 or an equivalent
second semester
composition course and
instructor and department
chair permission.

20




San
Diego
State
Univer-

sity

297

Introduction to
Chemical
Research

Individual laboratory investigation.
Maximum credit six units. Available to
freshman and sophomore students who
wish to start laboratory research early.
Starting laboratory work early in one's
undergraduate program can be the deciding
factor in completing successful,
professional-quality research projects.

Consent of instructor.

497

Undergraduate
Research

Individual laboratory investigation.
Maximum credit six units. This course is
intended for upper division students who
wish to pursue laboratory research on a
credit/no credit basis, with no required
final report. This course can contribute to
elective units in chemistry required by the
various degree programs.

1-3

Chemistry 231 (Organic
Chemistry) and 251
(Analytical Chemistry).

498

Senior Project

Individual literature and/or laboratory
investigation and report on a problem.
Maximum credit three units. This course is
required for all B.S. chemistry majors, and
is open to all other students who have the
prerequisite coursework and wish to
receive letter-grade credit for their
research. A final report is required at the
conclusion of the course.

1-3

Three one-year courses in
chemistry.

21




San 470 Research Intended for motivated students interested 3 One year each of general
Francis- in independent research. Requires 6-9 and organic chemistry and
co State hours of research each week, lecture consent of instructor and
Univer- attendance, formal poster presentation, and faculty research advisor.
sity written report. May be repeated for a total
of 6 units.
San Jose 180 Individual Advanced supervised lab work. Work and 1-4 CHEM 1208 (Chemical
State Studies results described in written and oral reports Safety Seminar), instructor
Univer- as required by instructor. An honors consent and "B" average.
sity course. Repeatable for credit
Cal Poly 201 Undergraduate | Laboratory research under faculty 1-3 Consent of instructor.
San Luis Research supervision. Credit/No Credit grading
Obispo only. Total credit limited to 6 units.
401 Advanced Laboratory research under faculty 1-3 Consent of instructor.
Undergraduate | supervision. Credit/No Credit grading
Research only. Total credit limited to 6 units. 4
units may be applied to approved chemistry
electives.
463 Honors Advanced laboratory research. Results are 1 CHEM 461 (Senior Project
Research presented in a poster session or other Report) and consent of
public forum. instructor.
CSU San | 399A | Special Individual investigation that involves a 1 Consent of instructor.
Marcos 399B | Problems in research project in the laboratory in 2
Chemistry — collaboration with a faculty member in a
Laboratory related subdiscipline. A contract stating

the proposed goals of the project will be

22




signed by both the student and the
instructor. A written report summarizing
the research findings must be submitted to
the instructor at the end of each semester of
work. May be repeated for a total of four
(4) units of credit, but may not be
substituted for CHEM 499.

499

Senior
Laboratory

Thesis and
Seminar

An original research project in the
laboratory or in collaboration with a faculty
member in the discipline. The student
must consult with a faculty member in the
discipline to decide on the research
problem and then produce a research paper
(approximately 10-20 pages) with a list of
literature citations in American Chemical
Society style. The research paper (thesis)
must summarize the current state of
knowledge on the research problem as well
as the progress in the laboratory
experiments aimed at the completion of the
research project. The student will defend
the thesis in a seminar to the faculty and
students of the Department of Chemistry.
The project will involve an average of six
hours of supervised laboratory work each
week. May be repeated for a total of four
(4) units of credit.

One course in the subject
area with a grade of B (3.0)
or better and consent of
instructor.

23




Sonoma 494 Undergraduate | Individual investigation of either student- 1-6 Chem 335B (Organic

State Research or faculty-initiated experimental or Chemistry); previous or

Univer- theoretical chemical problems under the concurrent enrollment in

sity supervision of a member of the chemistry Chem 310B (Fundamentals
faculty. May be taken only by petition to of Physical Chemistry) and
the Chemistry Department. May be consent of instructor.
repeated.

CSU 4980 | Individual For qualified students desiring to do 1-4 Consent of instructor.

Stanis- Study research or to pursue the study of some

laus specialized topic. May be repeated for a

total of 6 units.
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Analysis of Table 2 reveals similar patterns of trends as those reflected in Table 1
for UC campuses. For example, all these research-related courses are upper division
courses, with most of them requiring instructor consent as a prerequisite as well as a
written and/or oral research report for the course. Also, similar to the UC institutions,
none of these upper division research courses offer any formal training to the students
prior to engaging in a research project. In addition, for the four most popular CSU
transfer destinations for Mt. SAC students (Cal Poly Pomona, CSU Fullerton, CSU Los
Angeles, and CSU San Bernardino), three of them have a GPA requirement as part of the
prerequisite for the research courses.

During the research process for these CSU research courses, an important trend is
perceived. With the exception of one campus (CSU Dominguez Hills), these research
courses can partially satisfy the upper division core or elective requirements for degree
completion in Chemistry for 20 CSU institutions. This demonstrates the importance of
undergraduate research in education for the entire CSU system. Furthermore, for Cal
Poly Pomona, CSU Fullerton, San Diego State University, CSU San Marco and Sonoma
State University, a senior research project is required for all Chemistry majors. Also, for
CSU Los Angeles and CSU Long Beach, participation in the research course is part of the
requirement for graduating with Honors. This has strong implications for Mt. SAC
students, since three of the above seven campuses are the most popular transfer
destinations for them, with another two being common transfer sites. Consequently, the
proposed courses in this sabbatical project need to address the specific requirements in
these courses, providing support for the course guiding factors already described in the

previous section for UC campuses. More importantly, offering research training courses
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at Mt. SAC would have a significant impact on properly preparing these students to finish

their degrees successfully upon transferring.

California Independent/Private Institutions

For California independent universities and colleges, the top transfer destinations
for Mt. SAC students are University of Phoenix, Azusa Pacific University, DeVry
University, USC, and Chapman University. Since University of Phoenix and DeVry
University do not offer degree programs in Chemistry, they are not included in this
discussion. Research on all the remaining California independent institutions is
concentrated on schools that offer degree programs in Chemistry, which narrows the list
from around 80 institutions to about 30 schools. Furthermore, a close examination of all
the popular transfer institutions for Mt. SAC students shows that most of the sites are
located in close proximity to Mt. SAC, indicating that majority of students do no wish to
be too far away. Based on this observation, the search is focused on 18 independent
institutions within 50 mile radius of Mt. SAC, along with Stanford University. The
following table summarizes the details of these undergraduate research-related courses in
Chemistry for these institutions, with the three most transferred destinations for Mt. SAC

students listed first.
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Table 3. Summary of undergraduate research-related courses in California independent institutions.

School Course | Course Title Course Description Number | Prerequisites
number of Units
Azusa Directed This course provides instruction in Junior or senior standing.
Pacific 498 Research research design and technique, and gives 1-4
University students experience in the research

process. The one-unit expectation
encompasses no fewer than 30 hours of
work with accompanying reading, log
writing, and seminar presentation within
the department or in a university research
symposium. No more than one unit may
be used to fulfill preparatory readings

requirement.
Chapman 289 Research in For freshmen or sophomores. (Offered as 1-3 Consent of instructor.
University Chemistry needed.)
499 For juniors or seniors. 1-3
497 Senior Project | Chemistry capstone course. Working 1 CHEM 150 (General
498 with a faculty mentor, a student designs a 1-3 Chemistry Lab), 331
research project informed by a literature (Organic Chemistry Lab)
search during the first semester. During for CHEM 497; CHEM
the second semester the student conducts 497 for CHEM 498.

laboratory research to test the project
hypothesis, analyzes data, and writes a
report summarizing the findings. The
student makes an oral presentation to the
chemistry faculty upon completion of all
work. (Offered every year.)
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University 490 Directed Individual research and readings. Not 2-8 Departmental approval.
of Research available for graduate credit.
Southern
California *4 units of this course are required for a
(USC) B.S. degree in Chemistry.
California 80 Chemical Offered to B.S. candidates in chemistry. variable | Consent of research
Institute of Research Experimental and theoretical research supervisor.
Technolo- requiring a report containing an
gy appropriate description of the research
(Cal Tech) work. Units in accordance with work
accomplished.
Claremont 188L | Senior Research | Seniors may apply to do laboratory or 1 Juniors and Seniors only.
McKenna in Chemistry field investigation with a faculty member.
College The topic should be chosen by the end of
the junior year. In this course library and
Pitzer lab materials are developed, research
College begun, and seminar discussion held with
faculty members and students in the field
Scripps of concentration. This is the first course
College for students doing a two-semester senior
project.
*Joint 190L | Senior Senior laboratory or field investigation 1 Juniors and Seniors only.
Science Experimental research is culminated and results are
Depart- Thesis in summarized in a written thesis and formal
ment for Chemistry presentation. This is the second-semester
these 3 course for those doing a two-semester
colleges research thesis.
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Concordia
University

496

Research in
Chemistry

Hands-on introduction to chemical
research with emphases on the research
process, research skills and research
methods. Laboratory research, library
research, peer reviewed chemical abstracts
and journals, electronic chemical
databases, professional journal manuscript
style guides and statistical analysis will be
used in writing research manuscripts and
making research presentations.

2-4

16 units of chemistry
courses or consent of
instructor.

Harvey
Mudd
College

151
152

Research
Problems

Two oral reports and a written thesis are
required. (2 credit hours = a minimum of
6 hours, 3 credit hours = a minimum of 10
hours of laboratory per week: additional
library time is required.) Topics in
chemical literature will be covered in the
first three weeks of the fall semester.

2-3

None specified.

La Sierra
University

498

Directed
Research

Completion of a laboratory research
project under the direction of an on-
campus faculty member or approved off-
campus research supervisor. Minimum
three hours laboratory per week per unit
of credit. A maximum of four units may
be applied toward the major.

14

Consent of the department
chair.

Loyola
Mary-
mount
University

499

Independent
Studies:
Directed
Research

May be repeated for credit up to 6
semester hours.

1-3

None specified.
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Mount St. 199 Research in Research problems to be arranged with 1-3 Consent of chemistry staff
Mary’s Chemistry individual faculty members.
College
Occidental 295 Directed Intensive study in an area of chemistry or 2 Permission of the
College Research biochemistry of the student’s choosing supervising instructor.
395 under the direct supervision of a member *varies
of the faculty.
Pepper- 290 Introduction to | Guided laboratory research in the field of 1-2 Taken only with consent
dine Research chemistry. Students are introduced to data of selected faculty
University acquisition and analysis while working member.
closely with their research director on
current research projects. A written report
is required upon completion of the work.
590 Research in Original or classical research in the field 1-4 Taken only with consent
Chemistry of chemistry. A complete written report of a selected faculty
of work is required. member.
Pomona 191A | Senior Thesis. | The thesis requirement can be satisfied in *Not | Permission of department
College 191B one of two ways, beginning in the second speci- | chair.
semester of the junior year or in the first fied.

semester of the senior year: 1) The
student writes a critical review of a topic
of current interest and significance or 2)
the student writes a thesis describing
experimental work conducted in the
laboratory of a faculty member.
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For 191a: students writing a critical
review select a topic and conduct library
research; students writing an experimental
thesis continue with laboratory work
normally initiated through summer
research or Chemistry 199. In both cases,
they submit an abstract of their thesis for
departmental review. For 191b: students
begin writing the thesis and present it, or
parts of it, orally at a departmental
seminar.

199 Selected Topics | Advanced reading and/or laboratory Permission of instructor.
in Chemistry techniques in chemistry, usually by means
of student-faculty collaborative research
in the junior or senior year.
Stanford 190 Introduction to | Limited to undergraduates admitted under 1-5 CHEM 130 (Organic
University Methods of the honors program or by special Chemistry Laboratory II).
Investigation arrangement with a member of the

teaching staff. Qualified students
undertake research or advanced lab work
not covered by listed courses under the
direction of a member of the teaching
staff. Each unit represents 4 hours of
research per week.

Corequisite: CHEM 300
(Department Colloquium).
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University 499 Senior Culminating activity required by majors in 1-4 Senior standing.
of La Seminar/Project | all departments. Papers/theses/projects
Verne researched, prepared, and written under

the guidance of a faculty member.

Comprehensive exams or recitals required

in some departments. Academically,

Students must be in Good Standing to

enroll in 499. Can be taken for letter

grade only. Not challengeable.
University 378 Chemistry Chemistry majors are required to 1-4 Written permission
of Research complete 4 credits for graduation. required.
Redlands Credit/No Credit grading only.
Whittier 496 Research Individual research projects in selected variable | Junior or senior standing,
College areas of chemistry under the supervision and permission.

of a faculty member. May be repeated for
credit.
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Again, the trends observed in Table 3 are similar to those reflected in Table 1 for
UC campuses and Table 2 for CSU campuses. The majority of these research-related
courses are upper division courses, which do not offer any formal training to the students
prior to engaging in a research project. For the three most popular transfer destinations,
both USC and Chapman University require directed research or senior project as part of
the requirement for B.S. degree in Chemistry, while for Azusa Pacific University, the
research course satisfies part of the degree requirements. In addition to these institutions,
six other institutions — Stanford University, Harvey Mudd College, Pomona College,
University of La Verne, La Sierra University and Mount St. Mary’s College — also
include the research course or senior project as a B.S. graduation requirement for all
Chemistry majors. For all other institutions listed in Table 3, these research courses can
partially satisfy the upper division core or elective requirements for degree completion in
Chemistry.

In comparison to the UC and CSU websites, most of the websites the
independent/private institutions provide more detailed information on how students can
become involved in research as well as inform the students of the various research
opportunities outside of class, such as summer research programs. It appears that these
institutions place a stronger emphasis on undergraduate research and vigorously
encourage students to engage in research at an early stage. Consequently, a larger
percentage of their students participate in research as compared to students in UC or CSU
institutions. These observations provide further support for the course guiding factors
(already described in the previous section for UC campuses) for the two proposed

research-training courses in this sabbatical project.

33



SUMMARY ON FEDERAL-FUNDED PROGRAMS

National Science Foundation (NSF) and National Institute of Health (NIH) offer
various funding opportunities that promote and advance undergraduate education and
research. Specifically, majority of government funding that support and encourage
undergraduate research directly are programs that provide summer research experience to
students, rather than courses in the curriculum. The following discussions describe the
types of programs funded by each agency for undergraduate research participation and

focus on program details.

National Science Foundation (NSF)

Program Overview. The primary source of NSF funding that provides
undergraduate research opportunities is the Research Experiences for Undergraduates
(REU) program, which supports active research participation by undergraduate students
in any of the areas of research funded by the NSF. The REU program seeks to expand
student participation in all kinds of research, whether disciplinary, interdisciplinary, or
educational in focus, by involving students in meaningful ways in ongoing research
programs or in research projects specifically designed for the REU program. The REU
program is a major contributor to the NSF goal of developing a diverse, internationally
competitive, and globally-engaged science and engineering workforce. It draws on the
integration of research and education to attract a diversified pool of talented students into
careers in science and engineering, and to help ensure that these students receive the best
education possible.

REU sites. Nationwide, many four-year institutions have submitted proposals and

currently about 60 institutions have received NSF funding to serve as a REU site to
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initiate and conduct projects that engage a number of students in research each summer.
REU sites may be based in a single discipline or academic department, or on
interdisciplinary or multi-department research opportunities with a coherent intellectual
theme. REU projects may be carried out during the summer months, during the academic
year, or both. Each site typically consists of about ten or more students per summer or
year. REU Sites are encouraged to involve students in research who might not otherwise
have the opportunity, particularly those from academic institutions where research
programs are limited. Thus, a significant fraction of the student participants would come
from outside the host institution or organization. For Mt. SAC students, this program
would provide many appropriate and valuable educational experiences through
participation in summer research, including the opportunity to engage as a student cohort
at their possible transfer institution. In California, NSF-funded REU sites that offer
summer research opportunities in physical sciences and/or engineering are:

o UC campuses — UC Berkeley, UCLA, UC Irvine, UC Riverside, UC San Diego,
UC Santa Barbara, UC Davis, UC Santa Cruz, and UC San Francisco;

o CSU campuses — CSU Fullerton, CSU Los Angeles, CSU San Bernardino, San
Diego State University, San Jose State University, and Humboldt State
University;

¢ independent/private institutions — USC, Cal Tech, Harvey Mudd College, LA
County Museum of Natural History, Pepperdine University, Loyola Marymount
University, Santa Clara University, Oak Crest Institute of Science, SETI Institute,

and California Academy of Sciences.
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As indicated in the above list, there are 25 REU sites in California, with the eight most
popular transfer destinations for Mt. SAC students highlighted in italics. This clearly
reflects the vast opportunities available to Mt. SAC students, if they are aware of this

type of program and are adequately prepared to obtain these positions.

REU Program Activities. The main components of the REU program consist of
active participation in a research project, development of student-faculty interaction with
the faculty mentor, experience of being part of a student cohort, and interactions in a
collegial setting. Most summer research programs are 10-weeks in duration, and
participants receive a weekly stipend. Each REU site may offer additional activities that
are specific to its educational objectives and environment. To provide a detailed account
of what the students would experience in a REU program, the following describes the
type of activities the students would participate in at CSU Fullerton’s NSF-REU summer
research program:

e Students experience first-hand how basic research is carried out, and to contribute
consequentially;
e Each student is assigned to a specific research project in Chemistry or

Biochemistry;

e Student will work closely with the faculty, post-docs, and graduate students;

e Seminars, lunch meetings, and social functions are organized to facilitate
interaction between the undergraduates; and

e A strong supportive environment is provided for “late-bloomers” and re-entry

students, and women and minority students are especially encouraged to apply.
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To compare and contrast, the following describes the student experience at CSU Los
Angeles’ NSF-REU summer research program:

e Designed to give research opportunities to community college students from the
Los Angeles Basin, especially students from groups underrepresented in the
chemical sciences;

e Introduce students to research opportunities early in their academic careers so
they will be motivated to continue their education in the chemical sciences and be
exposed to potential career options;

e Areas of research include organic synthesis, biochemistry, inorganic synthesis,
atmospheric chemistry, environmental monitoring, instrument development, and
NMR spectrometry;

e Participants will work along side CSULA faculty and students;

e Students will present their research results at the end of the summer in a campus-
wide symposium featuring posters displaying their findings and progress;

e Participants are required to attend several workshops throughout the summer that
include Laboratory Safety and Preparing a Research Poster; and

e Other workshops on various laboratory techniques and scientific ethics are also

available to REU participants.

Application Process. For all REU programs, undergraduate student participants
must be citizens or permanent residents of the United States or its possessions. Since
NSF is particularly interested in increasing the numbers of women, underrepresented
minorities, and persons with disabilities in research, REU projects are strongly

encouraged to involve students who are members of these groups. (Underrepresented
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minorities are African Americans, Hispanics, American Indians, Alaska Natives, and
Native Hawaiians or Other Pacific Islanders.) To participate, the students would apply
directly to the REU site. Most applications are 2-3 pages long and available online. In
addition to informational items such ethnicity, citizenship, contact information, current
attendance at college/university, major, expected date of graduation, the following are
often requested:
e alist of science and math courses taken in college and grades earned;
e research areas of interest in ranked order;
e academic plans upon graduating with B.S. degree;
e adescription of previous scientific employment, lab experience, and/or research
experience;
e apersonal statement stating the reasons why the student wishes to conduct
research and the relevance of this program to the student’s career goals; and

e two recommendation letters, with at least one that can comment on laboratory

skills.

National Institute of Health (NIH)

The mission of NIH, an organizational component of Department of Health and
Human Services (HHS), is to improve human health by increasing scientific knowledge
related to disease and health. This is accomplished through the conduct and support of
biomedical and behavioral research, research training, research infrastructure, and
communications. These efforts take place intramural (primarily at NIH) and extramurally
(through grants, cooperative agreements, and contracts awarded to institutions of higher

education, governmental organizations, non-profit research organizations, for-profit
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organizations, and individuals). The following sections describe the intramural and

extramural funded programs that directly support undergraduate research.

Intramural Programs. The Summer Internship Program (SIP) at NIH provide

an opportunity for high school, college and graduate students, to spend a summer
working side-by-side with some of the most talented, leading scientists in the world, in an
environment devoted exclusively to biomedical research. Students may conduct research
at the main campus in Bethesda, MD (which includes the Mark O. Hatfield Clinical
Research Center and more than 1200 laboratories) or at the other 24 NIH institutes or
centers around the country that focus on particular research areas. SIP awards cover a
minimum of eight weeks, with students generally arriving at the NIH in May or June.
Students who are selected receive a monthly stipend that is based on education level and
experience. For trainees on the main campus, the Office of Intramural Training and
Education sponsors a wide range of summer activities including a lecture series featuring
distinguished NIH investigators, informal lunchtime talks on training for research careers,
and a trainee poster day. The NIH provides additional opportunities such as the Science
in the Cinema series.

To be eligible for the SIP program, candidates must be U.S. citizens or permanent
residents, sixteen years of age or older, and are currently enrolled at least half-time in
high school or an accredited U.S. college or university. Prospective candidates must
apply electronically via the Internet. The electronic application requires submission of a
curriculum vitae, a list of the applicant’s publications, a cover letter describing the

applicant’s research interests and career goals, and the names and contact information for
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two references. Candidates are asked to specify the scientific methodologies or
disease/organ systems that interest them.

In addition to the SIP program, the National Institute of Biomedical Imaging and
Bioengineering (NIBIB) sponsors a Biomedical Engineering Summer Internship
Program (BESIP) for undergraduate biomedical engineering students who have
completed their junior year of college. This ten week program (beginning of June — mid
August) allows rising senior biomedical engineering students to participate, under the
mentorship of world class scientists, in cutting-edge biomedical research projects in NIH
laboratories in Bethesda, Maryland. Selected by a nationwide competition, the sixteen
interns will have the opportunity to indicate preferences from a list of available NIH
projects that involve areas of engineering or physical science expertise. The students will
participate in group meetings, attend planned lectures and laboratory visits, and be
encouraged to submit posters to the NIH Poster Day where summer interns from all
disciplines present their projects.

To be eligible for the BESIP program, candidates must be U.S. citizens or
permanent residents; have completed at least three years (6 semesters or 9 quarters) of
undergraduate study in a Biomedical Engineering or Bioengineering degree program by
the start of the summer; be returning to undergraduate school for at least one term
following the summer program; and be present on the Bethesda campus to participate in
the full ten week program. Prospective candidates must apply electronically via the
Internet. The electronic application requires submission of a resume, an unofficial
transcript, two recommendation letters, and a written essay that briefly discusses career

goals, technical and research interests, the reasons for applying for this internship, a
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description of what the applicant would like to get out of the BESIP program. All

selected summer interns will receive $4600 for the 10 week program.

Extramural Programs. Most of the institutional research training grants funded

by the NIH are directed at providing competitively trained undergraduate science/math
students from minority/minority-serving institutions the opportunity to engage in
mentored research, develop the skills and knowledge to successfully pursue Ph.D.
degrees and future careers in biomedical and behavioral research. Consequently, these
programs strongly encourage application of underrepresented minority students. Since
Mt. SAC is a federally designated Hispanic-Serving institution, many Mt. SAC students
belong in the targeted population for these programs. The following sections describe the
five NIH-funded programs that focus on community college and/or undergraduate
students at 4-year institutions. The first two programs (Bridges, BBSI) are open to
community college students, while the remaining three programs (RISE, IMSD, MARC)

are opportunities that students can pursue after they transfer.

The Bridges to the Baccalaureate Degree Program (Bridges) provides support to
institutions to help students make transitions at a critical stage in their development as
scientists — from two-year community colleges to full four-year baccalaureate programs.
A key component of the Bridges program is the partnership between a four-year
baccalaureate degree-granting institution with several community colleges, where
community college students have the opportunity to participate in an enriched summer
research program at the four-year institution. The Bridges program aims to increase the

number of underrepresented scientists in biomedical research by specifically targeting
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underrepresented minority students. One of the program requirements for the community
college partnership is that it must have a significant enrollment of underrepresented
minority students. Currently, Mt. SAC is a partner with the UCLA Bridges program and
has been for the past six years. This partnership has proven to be a wonderful
opportunity for many students and indeed, all of the past participants have successfully
transferred and completed their B.S. degrees in science. In addition, most of them

continue to pursue their academic careers in professional school or graduate school.

There are a total of 54 Bridge program sites in the US, with 11 of them in
California. Although Mt. SAC is a partner with the UCLA Bridges program, the students
can also apply to any of these other Bridge program sites directly. Below is the list of
Bridge program sites in California, with the top transfer destinations for Mt. SAC
students in italics:

e UC campuses — UCLA, UC Irvine, and UC Santa Cruz;

e (CSU campuses — CSU Los Angeles, CSU Long Beach, San Diego State
University, CSU Dominguez Hills, CSU Sacramento, CSU San Marcos, San
Francisco State University and San Jose State University.

Most of the Bridge programs offer opportunity to work closely with faculty on research
projects in the biomedical sciences; regular workshops and seminars on the nature of
academic life, writing and research skills and careers in biomedical research; informal
meetings with faculty and students; as well as other cultural and educational activities on
campus. Although program activities may vary in each Bridge program site, overall, the

activities are specifically designed to support and encourage students who intend to
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pursue careers in teaching and/or research by preparing them for a four-year institution
curriculum and its biomedical research environment.

To be eligible for the Bridge program at UCLA, candidates must: (1) be U.S.
citizens or permanent residents; (2) be a student at a community college; (3) maintain a
minimum 2.8 GPA in math and science courses; and (4) completed one semester of
General Chemistry. The eligibility requirements for other Bridge programs are similar.
To participate, students would apply directly to the Bridge program site, where
applications are available online. Preference will be given to minorities who are
underrepresented in biomedical research. For most of these Bridge programs, upon
completion of the summer research project, each participant is required to give an oral
presentation and submit a research report describing his/her research. All selected

program participants will receive a stipend of about $300 per week.

The Bioengineering and Bioinformatics Summer Institutes (BBSI) Program,
jointly funded by the National Institute of Biomedical Imaging and Bioengineering
(NIBIB) of the NIH and NSF, provides well-planned, interdisciplinary bioengineering or
bioinformatics research and education experiences for undergraduate and early-stage
graduate students majoring in the biological sciences, computer sciences, engineering,
mathematics, and physical sciences. The purpose of the program is to increase the
number of individuals deciding to pursue graduate careers in bioengineering and
bioinformatics to advance biological and physical sciences research. Annually, every
BBSI provides a combined total of approximately 15 undergraduate and graduate

students with:
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e didactic training experiences combining high quality formal course work with
state-of-the-art research seminars to provide students with an interdisciplinary
foundation in the fundamentals of bioengineering or bioinformatics; and

e mentored interdisciplinary bioengineering and bioinformatics research
experiences, along with access to professional development opportunities.

Fifty percent or more of the student participants in each Summer Institute must come
from outside the host institution.

Currently, there are 13 BBSI locations established in the country — CSU Los
Angeles, Clemson University, lowa State University, Massachusetts Institute of
Technology, University of Minnesota, Oakland University, Oregon State University,
New Jersey Institute of Technology, Pennsylvania State University, Texas A&M
University, University of Pittsburgh, Virginia Commonwealth University, and Virginia
Polytechnic Institute and State University. At CSU Los Angeles (one of the top transfer
sites for Mt. SAC students), this program runs from mid June to late August for ten
weeks and the students receive a $5000 stipend. The first three weeks are devoted to
didactic training in bioinformatics and the students apply their knowledge in the
remaining seven weeks towards a mentored research project of their choice at one of the
eight research centers in the area.

To be eligible for the BBSI program at CSU Los Angeles, candidates must: (1)
be U.S. citizens or permanent residents; (2) be an undergraduate student of sophomore
standing or a student at a community college in the process of transferring to a four year
program; (3) maintain a minimum 3.0 GPA in math, engineering, and science courses;

and (4) major in a molecular life science-related field and have completed one C++ or
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object-oriented programming course OR major in a computer science-related field and
have completed one molecular life science course. To participate, students would apply

directly to the BBSI location, where applications are available online.

The Minority Biomedical Research Support (MBRS) at NIH awards grants to
educational institutions with substantial minority enrollments to support research by
faculty members; strengthen the institutions' biomedical research capabilities; and
increase the interest, skills, and competitiveness of students and faculty in pursuit of
biomedical research careers. Two of the three granting mechanisms of MBRS consist of
Research Initiative for Scientific Enhancement (RISE) and Initiative for Maximizing
Student Diversity (IMSD). The main difference between these two initiatives is that the
RISE program is a student development program for minority-serving institutions, while
the IMSD program is a student development program for research-intensive institutions.
The goals of both programs are identical — to increase the number of students from
underrepresented groups in biomedical and behavioral research who complete Ph.D.
degree programs in these fields. An institution may apply for and hold only one RISE
grant, and may not be currently receiving support from the MBRS Initiative for
Maximizing Student Diversity (IMSD) Program.

Student participants in either the RISE or the IMSD programs will receive full
financial support annually, specialized academic developmental programs, a strong
science curricula, and high quality summer research experiences. Currently, there are 13
RISE or IMSD program sites in California, with the top transfer destinations for Mt. SAC
students in italics:

e UC campuses — UCLA, UC Irvine, UC Santa Cruz, UC San Francisco;
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e CSU campuses — CSU Fullerton, CSU Los Angeles, CSU Long Beach, CSU
Northridge, San Diego State University, San Francisco State University, CSU San
Marcos, CSU Dominguez Hills;

e Independent institutions — Loma Linda University.

To participate, students can apply directly to the RISE or IMSD program site via online
applications. The application package is similar to other programs, consisting of an
application form, a list of science and math courses completed, transcript, 1-2 pages of

statement of purpose, and two recommendation letters.

The Minority Access to Research Careers (MARC) branch at NIH offers special
research training support to 4-year colleges and universities with substantial enrollments
of minorities. The branch's goals are to increase the number and competitiveness of
underrepresented minorities engaged in biomedical research by strengthening the science
curricula at minority-serving institutions and increasing the research training
opportunities for students and faculty at these institutions. The MARC Undergraduate
Student Training in Academic Research (MARC U*STAR) Program provides support
for minority students to improve their preparation for a competitive graduate program and
successful completion of a Ph.D. in the biomedical or physical sciences. Participants in
the program receive financial support for tuition and fees, academic support, special
mentoring, and high quality research experiences under the guidance of leading scientists,
funding to travel to major scientific meeting to share research results, as well as

enrichment through honors courses, workshops and seminars.

46



Currently, there are a total of 60 MARC U*STAR program sites in the nation,
with 15 of them in California. Below is the list of MARC U*STAR program sites in
California, with the top transfer destinations for Mt. SAC students in italics:

e UC campuses — UCLA, UC Irvine, UC Riverside, UC Santa Cruz;
e CSU campuses — CSU Fullerton, CSU Los Angeles, CSU Long Beach, CSU

Northridge, San Diego State University, CSU Bakersfield, CSU Dominguez Hills,

CSU San Marcos, San Francisco State University, San Jose State University;

e Independent institution — Mount St. Mary’s College.
To participate, students can apply directly to the MARC U*STAR program site via online
applications. The MARC U*STAR program is designed for students in junior and senior
standing, majoring in biomedical sciences (Biology, Chemistry or Biochemistry) and
physical sciences (Physics, Mathematics, Computer Science and Engineering). The
application package is similar to other programs, consisting of an application form, a list
of science and math courses completed, transcript, 1-2 pages of statement of purpose, and

two recommendation letters.
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SUMMARY ON EXEMPLARY COURSES/PROGRAMS IN
LITERATURE

Thorough reading and meticulous study of all the articles in issues of Journal of
Chemical Education from years 2000 — 2007 and selected articles from earlier years, as
well as publications from Council on Undergraduate Research and Chemical &
Engineering News, along with attendance at two Council of Undergraduate Research
conferences, reveal many cases of courses and programs that have successfully
incorporated research components into the curriculum. To effectively summarize the
similarities and differences in these exemplary cases, they are categorized in the
following sections as classroom or non-laboratory courses, laboratory courses, and
research programs at community colleges. Each section discusses the similarities and
differences between the courses, as well as analyzing the key components of the courses.
In addition, the report on literature research will conclude with a section that discusses

the current views of undergraduate research in science education.

Classroom or Non-Laboratory Research-Related Courses

In the literature, both undergraduate and graduate level research-related courses in
classroom or non-laboratory settings are presented, ranging from a general education
course in organic structure determination to a graduate course focused on research skills
and ethics. Regardless of the level, the goals of the courses are similar — to teach students
desirable research skills, integrate the classroom experience with that of the research
laboratory, and effectively prepare them for conducting research. Thus, the selection of
course topics is similar for most courses. Depth and breadth of topic coverage constitute

as the main difference between the graduate and undergraduate level courses. To
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analyze, compare and contrast the courses, the key components of the courses are
summarized in the following discussions.

L. Selection of Course Topics. Most common topics covered in these courses
include:

e [Literature search and retrieval;

e Reading and understanding journal articles;

e Professional and research ethics;

e Scientific writing of review of journal article, and/or research reports
and/or research articles and/or research proposals; and

e Oral or poster presentations.

Less common topics that are more specific to particular courses include

overview of research opportunities, keeping a thinking log or research records,

experimental designs, research lab safety practices, principles of instrumental

methods, analysis of experimental and/or spectral data, and career

development issues.

ii. Breadth and Depth of Topics. Given the same topic, for undergraduate
courses, the material is not treated as deeply or as comprehensively as the
graduate courses, as limited by students’ experience level and time
constraints. For example, for literature search, in an undergraduate course,
students are introduced to the typical online resource tools in the college
library, whereas for graduate students, they are required to conduct various
types of detailed searches based on chemical structure, author, topic, or

registry number. In specialty courses that focus more specifically on writing
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1v.

skills, then the process of conducting literature search and various scientific
writing is emphasized to include preparation of a literature review, research
plan, research article and research proposal.

Efforts to Generate Student Interest. For the various courses discussed in
this section, no dedicated efforts to generate student interest in the course are
presented, besides allowing the students to choose their own topics of interest
for writing or presentation requirements. However, for courses that conducted
student evaluations or surveys, the students often report a high level of
interest, a sense of ownership and an overall positive attitude toward the
course.

Criteria for Student Project Selection. Most of these courses are preparatory
courses that train students to participate in undergraduate or graduate research.
Thus, for most of the course topics that require writing or presentation, instead
of pre-determined topics by instructors, students are allowed to choose their
own topics and many students often decide on research topics that they may
participate in at a later time. Instructor input and guidance are provided, while
instructor approval of the topics is required to ensure the students do not
choose topics that are beyond the complexity level or time constraints of the
course.

Criteria for Oral/Poster Presentations. For all the courses discussed in this
section, oral PowerPoint presentations of typically 10-20 minutes to the entire
class or before a larger departmental audience are required. To define the

criteria for oral presentations, information such as general format, basics of
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vii.

Viil.

good graphical design, and tips for preparation and delivery of an effective
presentation are often discussed first. Some courses require students to
prepare and distribute an abstract and/or a set of handouts, as well as fielding
questions from the audience. One of the courses utilizes a critical appraisal
approach, where the presentation is evaluated by self and others, aiming to
mimic the type of interaction that often occurs in the science community.
Criteria for Written Reports. For most scientific papers or research reports,
the basic components consist of abstract, background/introduction, purpose,
experimental methods, results, conclusion and references. The required
format is often the standard journal format defined by “The American
Chemical Society (ACS) Style Guide.” For other types of scientific writing
such as review of literature articles or preparation of research plan/proposal,
then specific guidelines or handouts are provided to the students.

Methods of Evaluation. Similar to most academic courses, the students are
graded based on homework or assignments, in-class tests, written reports, oral
presentation and final exam. In most of these courses, students have the
opportunity to improve their grade on written assignments, upon receiving
guidance from instructors and making revisions to their reports.
Assessment of the Course. Some of the courses do not discuss assessment,
and for others that conduct assessment, the most common tool utilized are
surveys, including:

e Standard departmental course evaluations;
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e Pre- and post-course student surveys developed specifically for the course,
with questions on student attitudes and skills acquired; and
e Faculty surveys to determine whether the course is accomplishing its

objectives.

Laboratory Research-Related Courses

Due to the hands-on nature of science experimentation and instrumentation, in the
literature, there are more articles on laboratory research-related courses than those on
classroom or non-laboratory courses. In contrast to the classroom or non-laboratory
courses, all of the laboratory research-related courses found in literature are
undergraduate courses. This is a reasonable finding, since in graduate school, the types
of hands-on experimental and instrumental skills required may be very topic oriented,
defined by the individual research interest of the faculty, and thus a general course may
not be an effective method of training.

In the literature, most of the courses address second-year and advanced students,
since these students would have already completed at least one year of general chemistry
and possess some fundamental chemistry knowledge as well as basic laboratory skills.
The notable exceptions include a general education course and a general chemistry
course, both aim at students with limited high school chemistry background. Amongst
the mainstream laboratory research-related courses aimed at second-year or advanced
students, most of them are organic chemistry courses, with a few courses being inorganic
or analytical. Thus, the selection of laboratory topics and experiments is similar for
courses in the same area of chemistry, and varies greatly from courses in different fields

of chemistry. Regardless of the focus of the course, the goals of the courses are similar —
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to teach students essentials of research experimental design, develop or refine hands-on
experimental skills, provide hands-on instrumentation experience, and effectively prepare
them for conducting their own research. To analyze, compare and contrast the courses,
the key components of the courses are summarized in the following discussions. Some of
the components are similar to those discussed earlier for classroom or non-laboratory
courses, while others are specific to the nature of a laboratory course.

i. Selection of Laboratory Topics or Experiments/Projects. For research-
related laboratory courses in organic chemistry, the most common topics in
these courses include:

e Short lectures on laboratory safety, experiment overview, scientific
writing, chemical information source, literature search and science ethics;

e Keeping a laboratory notebook or experimental record;

e Guided-inquiry, discovery-based experiments or modules involving
various instrumentation;

e Project-based, student-designed multi-step synthesis experiments of
organic compounds of the students’ choice;

e Adaptation of faculty’s research projects into the laboratory, where
projects utilize a combinatory synthesis approach;

e Multi-step synthesis (3-5 steps) experiments of specific compounds and
natural products;

e Integration of literature search, chemical information topics and resources

for each laboratory experiment or project;
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e Incorporation of molecular modeling in guided-inquiry experiments or
research projects;

e Scientific writing for laboratory reports and/or research proposals; and

e Oral or poster presentations.

For organic laboratory courses where the research project is one of the

components rather than the entire course, then students learn the basic lab

techniques such as recrystallization, extraction, simple and fractional

distillation, thin-layer chromatography, as well as purification and

characterization of product through the traditional routine experiments. For

research-related laboratory courses in organic chemistry, the nature of the

course and many of the topics are similar to the ones listed above for organic

chemistry. The main difference is the type of compounds chosen for

experiments and projects, where one is organic and the other is inorganic.

Selection of Instruments Utilized in Teaching and Projects. For research-

related laboratory courses, the most common analytical instrumentation

utilized in traditional experiments and research projects include:

e Infrared spectroscopy (IR) for liquid and solid compounds;

e Proton- (‘H) and carbon-based (*C) nuclear magnetic resonance
spectroscopy (NMR) for liquid and solid compounds;

e Gas Chromatography (GC) for liquid and gas compounds;

e Gas Chromatography coupled with Mass Spectrometry (GC-MS) for
liquid and gas compounds; and

e Ultraviolet-Visible spectroscopy for liquid and solid compounds.
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Through these courses, the students are exposed to, and trained in the use of, a
variety of the analytical instrumentation (listed above) in the context of
problem solving.

Breadth and Depth of Topics. Most of the courses in the same area of
chemistry address similar experimental techniques and instrumentation. In
many cases, the length of time devoted to the research projects defines the
comprehensiveness of the student’s experiences. For example, in courses
where the research project is only one of the components, then the students
may only be able to participate in one research project for about 4-6 weeks. In
contrast, for courses where the entire course is research-based, then the
students would either engage in several different research projects to be
exposed to various learning experiences or in one lengthy research project
where more meaningful results can be obtained.

Efforts to Generate Student Interest. Similar to the classroom or non-
laboratory courses, these research-based laboratory courses do not
demonstrate any dedicated efforts to generate student interest in the course.
However, since in many courses, the students are allowed to choose their own
research project and make independent decisions, then a high level of interest
and a sense or ownership in the projects are generated. This positive attitude
is well reflected in the student evaluations or surveys.

Criteria for Student Project Selection. In contrast to classroom or non-
laboratory courses where most students are allowed to choose their own

topics, the choices for student project in the laboratory are more limited due to
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constraints on availability of chemicals and instruments. For projects where
students are encouraged to select their own synthesis project, then instructor
input and guidance are provided to ensure the students do not choose projects
that are beyond the complexity level or time constraints of the course. In
research-based organic chemistry laboratory courses where a faculty’s
research combinatory synthesis project or other type of combinatory project is
adapted as student project, then the student can exercise a large degree of
academic freedom in choosing their own starting materials and product to
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