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Abstract Advances in science and technology are now at
the heart of the global economy, but the number of students
earning degrees in the sciences, technology, engineering,
and math (STEM) fields has stalled. According to the
National Association for Colleges and Employers (NACE),
programs have been initiated nationwide to nurture interest
in the sciences, including research competitions, co-ops
and internships, and K-12 STEM education. Senior thermal
analysis scientists are not only researchers, they are role
models, mentors and teachers intimately involved in the
recruitment and training of young scientists. The authors
present guidelines for thermal analysis research project
planning for high school students, undergraduate students
and master’s and doctoral candidates. Project planning
includes developmentally appropriate techniques, methods,
instruments, scope and significance. Case studies illustrate
examples of short-term, concrete materials analysis pro-
jects tailored to younger student researchers, as well as
master’s level projects making significant contributions to
the state of the science and innovative doctoral research. In
addition to designing projects for students at all levels,
senior thermal analysis scientists can use specific teaching
and training techniques to help young scientists develop
their abilities in the lab and at the podium.
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Introduction

Careers in science, technology, engineering, and mathe-
matics—collectively known as STEM—are among the
most rewarding and demanding career choices for young
people. STEM careers often require continuous study
of technical concepts from elementary school through
advanced graduate work. In the twenty first century
knowledge economy, STEM careers are expected to lead
the way and thermal analysts have long been educators,
researchers, and industry leaders in biology, chemistry,
physics, health care, and materials science. In addition to
meeting the next generation of technical challenges, ther-
mal analysts face the challenge of attracting and retain-
ing the next generation of the thermal analysis (TA)
community.

The Bureau of Labor Statistics published a 2007 report
on STEM careers [1] which compared the annual wages of
STEM workers—$64,560—to those of all workers—
$37,870. The total number of STEM occupations was
projected to grow 22% by 2014 with a total number of job
openings over 2.5 million. Despite the growing demand
and high compensation for workers in these occupations,
the number of bachelor’s degrees awarded in STEM sub-
jects has been flat over the past decade—with the exception
of computer and information sciences, which has grown
with the increases in the number of computer jobs available
and employer preferences for works with degrees in com-
puter science.

Like many STEM disciplines, TA faces challenges in
recruiting and retaining new practitioners. Tanaka and
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Koga [2] noted the wide use of TA in research, develop-
ment and production and the lack of emphasis on TA
education at the undergraduate level. They proposed an
application of thermal analysis to studying solid-state
kinetics in undergraduate chemistry courses. Hakvoort and
Hakvoort [3] wrote in a similar vein to describe a weeklong
TA course for undergraduates to expose students to the
possibilities of TA through hands-on experimentation. Riga
et al. [4] proposed a concentrated program of thermal tests
to assist students in understanding structure and thermal
property relationships. Wunderlich [5] expanded on the
issue, writing that “Thermal analysis and polymers are two
subjects in the field of chemistry and materials sciences
that have not developed to the level commensurate with
their importance.” Wunderlich, along with Sgrensen [6],
proposed online delivery of TA education.

Since the publication of the Boyer Commission on
Educating Undergraduates in the Research University’s
report, “Reinventing Undergraduate Education: A Blue-
print for America’s Research Universities” in 1998 [7],
there has been a national emphasis on providing under-
graduate research opportunities. Given the wide application
of TA across academic disciplines, there are rich oppor-
tunities for integrating TA into undergraduate research
programs, but the TA education literature lacks information
about these opportunities. This paper presents examples of
undergraduate research project development in the Riga
Research Team at Cleveland State University (Cleveland,
Ohio), suggests some preliminary guidelines, and invites
other TA researchers, educators and practitioners to con-
tribute to the ongoing conversation about how to excite
students’ interest in TA.

Independent research projects

Suga [8] identified an understanding of amorphous materials
as an important frontier in TA research. Exploring structure—
property relationships in amorphous and crystalline phar-
maceuticals has been a focus of the Riga Research Team for
the past decade, beginning with basic research into charac-
terization of drugs and excipients, and growing into devel-
opment of new methods for quantification of crystalline and
amorphous content in pharmaceutical materials.

In 2004-2005, an undergraduate research project was
designed to investigate polymorphic drug characterization
using thermal and analytical techniques [9]. The cardio-
vascular drug nifedipine was chosen for the study because it
is known to exist in three polymorphic forms—two crys-
talline and one amorphous. The research objectives were to:

1. Prepare the two crystal forms of nifedipine: Form
II (1,4-dioxane solvate) and form III (amorphous-
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crystalline form). Form I is the commercially available
product.

2. Characterize the polymorphic forms by differential
scanning calorimetry (DSC), dielectric analysis (DEA),
powder X-Ray diffraction (PXRD), scanning electron
miscroscopy (SEM), Raman spectroscopy, and macro-
photography.

3. Develop a unique thermal analytical method for
evaluating polymorphic solids by electrical conductiv-
ity analysis [ECA] from 107> to 10® (conductivity
units) pS/cm.

That research, along with a second project investigating
the polymorphic drug tolbutamide [10] led by another
undergraduate student, was presented by the undergraduate
student at a national conference on thermal analysis in
September 2005 as a podium presentation at the conference
and manuscript on the conference disc.

A third project begun in 2006 evaluated the essential
physical-chemical properties of D and L amino acids by
thermal and analytical methods [11], including DEA,
thermogravimetric analysis (TGA), and DSC, along with
PXRD. This study used the ECA method developed in
the previously cited research to determine amorphous
versus crystalline content. Other physical properties
recorded include AC electrical conductivity (pS/cm) pro-
files, formation of charge transfer complexes, melting
temperature/range, moisture loss (w %), recrystallization,
and activation energy for the electrical charging process.
The electrical conductivity of the samples was impacted by
the moisture content and the amorphous—crystalline com-
position. This research was presented as a podium pre-
sentation at an American Chemistry Society Meeting-in-
Miniature in Northeast Ohio in March 2007.

Each of the three projects were completed in an aca-
demic semester (3—4 months) by a team of two to three
undergraduate researchers working under the direct guid-
ance of an adjunct professor of chemistry and industrial
pharmacy.

In 2008, the amorphous—crystalline characterization
project morphed into a master’s student mini-project inves-
tigating the crystalline and amorphous content in drugs by
dielectric analysis [12]. The study included five drugs and
one excipient (an inactive ingredient in drug formulations).
The objectives of the study were to determine the amorphous
and crystalline content in USP and commercial forms of the
drugs, determine the standard electrical conductivity profile
with transition temperatures and correlate the DEA with
DSC melting and other phase transitions. The results of this
work were presented in a poster at a graduate student
research symposium in April 2009.

In 2010, the project was expanded into a PhD candidacy
proposal with the goal of developing a novel and efficient
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thermal analytical method to accurately quantify crystalline
and amorphous content in pharmaceutical solids using a
combined DEA and DSC method. The thesis will also
develop a theory base for the method, including predictive
relationships and equations.

Discussion

A review of the literature reveals many benefits of
engaging in undergraduate research [7, 13-21]:

e Increased interest in STEM careers.

e Increased persistence in pursuit of undergraduate
degree.

e Increased pursuit of graduate education.

e QGains in skills carrying out research.

e Gains in skill acquiring information.

e Improved public speaking abilities.

e Promotion of STEM careers for members of underrep-
resented groups.

e Increasing the retention rate of minority under-
graduates.

e Increasing the rate of graduate education in minority
students.

Along with these benefits come challenges in
recruiting and retaining undergraduate researchers [7, 17,
18, 22]:

e Recruiting students to participate in research opportu-
nities.

e Designing and implementing successful undergraduate
research projects.

Fig. 1 Sample research
learning contract

Research Learning Contract

To: [Student Name] [contact information]
From: [Faculty Member] [contact information]
Date: [Date]

Subject: Independent Study with [Faculty Member]
[Independent Study Credit Hours] [Semester/Academic Year]
[Research Topic/Title]

BRIEF PROJECT DESCRIPTION

PROJECT OBJECTIVES

PERSONAL LEARNING OBJECTIVES

TASKS

EVALUATION

Signed by:

on

Student Date

on

Faculty Member Date
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e Overcoming undergraduate students’ lack of knowl- 1. Provide incentives for research participation. Incen-
edge. tives could include course credit or paid employ-
e Overcoming undergraduate students’ lack of confi- ment.
dence. 2. Form research teams of two or three students. It can

e Balancing time commitments (classes, work, study,
extracurricular activities).

Based on the review of the literature [7, 13—-36] and the
experiences with undergraduate students in the Riga lab,
we have developed a list of 10 best practices for under-

graduate research.

Fig. 2 Undergraduate Research
Student Information Sheet
(URSIS)
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be especially effective to partner first- and second-
year researchers with older peers. This approach
fosters team-based problem-solving and allows coor-
dination of student schedules to meet the needs of the
research project—the burden is not on one student to
be present for all stages of the research.

UNDERGRADUATE RESEARCH STUDENT INFORMATION SHEET

Section I. About You

Name: Anticipated Year of

Graduation:

E-mail: Phone: Major:

Class (circle one): Freshman Sophomore Junior Senior
Other (specity):

Career Ideas:

Section II. Coursework

Please indicate any courses you are now taking or have completed:

o Introduction to Biology I
o Introduction to Biology II
0 Anatomy & Physiology I
O Anatomy & Physiology II
0 General Chemistry I
0 General Chemistry 11
courses in
0 Physics |
engineering:
o Physics II

o Organic Chemistry II
o Precalculus

o Calculus

O Statistics

Other upper-level or elective

science, math, technology or

0 Biochemistry

0 Organic Chemistry I

Section III. Research experience & lab skills

Please describe any previous research experiences, including any methods,
instruments or procedures used (for example, UV-Vis, titration, pH meter,

balance, refractive index, etc.).
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3. Enact Research Learning Contracts. These contracts
should include personal learning and project objec-
tives, deliverables and evaluation criteria. See Fig. |
for a sample contract.

4. Shared responsibility for research design. Students
and faculty members can negotiate the research
design, collaborating in drafting the Research Learn-
ing Contract.

5. Design concrete, short-term implementation-oriented
and experimentation projects. Implementation-ori-
ented projects translate research findings into prac-
tice. Experimentation projects conduct experiments
using existing methods.

6. Review completed course and lab work, establish
background. This can be done using something like
the Undergraduate Research Student Information
Sheet (URSIS) presented in Fig. 2.

7. Design research using existing skills and adding two
or three new methods or techniques.

8. Include a literature review. This provides training on
use of research databases, conceptualizing keywords
and synthesizing information.

9. Present research at a poster session. Undergraduate
students who participated in a classroom poster
session were more likely to present future research
at conferences and symposia.

10. Provide a path to graduate study. Design projects
around student interests and goals. Illustrate how a
project might lead to a master’s thesis or doctoral
dissertation.

Many of these principles can be seen in examples of
Riga Research Team undergraduate study projects. Each
project was time-limited and concrete and included a
range of analytical methods designed to utilize the
students’ existing skills while exposing them to new
techniques. The projects used teams of two to three
researchers, often with a senior peer as the team’s infor-
mal leader. Finally, as the undergraduate researchers
completed their semester, presented their research and
moved on to other goals—including medical school,
graduate school and jobs in industry—other students in the
group were able to develop the work into master’s level
and doctoral level studies.

These projects provide a glimpse of the potential of
thermal analysis in undergraduate research. As a broad-
based analytical platform, thermal analysis projects can
apply to students in chemistry, biology, physics, and
engineering. They can be adapted for pre-medical, pre-
dental, and pre-pharmacy students working side-by-side in
the same lab space. And that mixture of interests, knowl-
edge, goals, and disciplines sets the stage for some high-
energy reactions.
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