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1. Introduction

In 2006, the Department of Mathematical and Computer Sciences (MCS)
at the Colorado School of Mines (CSM), located in Golden, Colorado, U.S.A.,
established a three-year Research Experiences for Undergraduates (REU) program
funded by the National Science Foundation (NSF). The NSF is a major funding
agency in science and engineering supported by the U.S. government. NSF REU
programs are designed to support the active involvement of college students in
meaningful research activities during their undergraduate education. The MCS
REU program, entitled "United States-Hong Kong REU in Numerical Analysis
and Scientific Computing”, was held during the summers of 2006, 2007 and
2008, and was centered at Hong Kong Baptist University (HKBU). The purpose
of establishing an REU program in Hong Kong was to provide undergraduate
mathematics students with the opportunity to contribute to the exciting research
being conducted in numerical analysis and scientific computing at an international
level while also affording these students the chance to increase their global
awareness. During each summer of the program, ten U.S. undergraduates spent
eight weeks working on original research projects in teams comprising two or
three student members supervised by a faculty member from one of four Hong
Kong universities: HKBU, City University of Hong Kong, The Chinese University
of Hong Kong and Hong Kong Polytechnic University. The student participants
were selected from a broad spectrum of colleges and universities across the U.S.

through a rigorous application and review process.

This article describes the NSF and its REU programs, the participating U.S.
institution (CSM) and its prior REU efforts, and the unique Hong Kong REU
program. It expands significantly upon [4] and [5] which focused only on the first
year of this program; two additional years have since been completed. This work
was partially funded by the NSF (grant DMS-0453600). The opinions and ideas
expressed in this article are those of the authors and do not necessarily reflect
those of the NSF.
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2. NSF and REU Programs

In 1950, the NSF was established by the U.S. Congress as an independent
federal agency, “to promote the progress of science; to advance the national
health, prosperity, and welfare; to secure the national defense..." [8]. This mission
is fulfilled through the funding of limited term grants which are selected var a
highly competitive merit review process. NSF comprises seven directorates:
Biological Sciences, Computer and Information Science and Engineering,
Engineering, Geosciences, Mathematics and Physical Sciences, Social, Behavioral
and Economic Sciences, and Education and Human Resources, each of which is
subdivided into divisions. NSF’s 2009 budget was approximately US$6.5 billion
(see: www.nsf.gov/about/congress/111/highlights/cu09 0310.jsp). Around 20% of
the basic research completed in U.S. colleges and universities is funded through
the NSF (see: www.nsf.gov/about/).

A major component of NSF’s mission is the support of science and
engineering education at all levels, pre-kindergarten through graduate education
[8]; the REU program is one example at the university undergraduate level. The
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theory that supports the NSF/REU program is that early exposure to research
will entice more students to complete advanced degrees, and pursue careers in
science and engineering including teaching and related educational research.
NSF funds two types of REU experiences [9]: REU supplements and REU sites.
REU supplements are awarded to individual investigators or investigative teams
to support the inclusion of undergraduate students in research being conducted
as part of NSF funded programs. Investigators can request an REU supplement
through a proposal which is directly linked to an existing NSF research grant or
included as a component in a proposal for a new NSF research grant. NSE/REU
site grants do not require that the applicant have a currently funded NSF project
but are based on independent proposals to initiate and conduct projects that engage
undergraduate students in research. Supplements typically provide financial
support to students during either the academic year or the summer, whereas site

grants only fund summer programs.
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3. Prior NSF/REU Site Grant at CSM

CSM was established in Golden, Colorado, U.S., in 1874 to serve the
mining community of Colorado. When Colorado became a state in 1876, CSM
became a state institution. Today, it is a public research university with a special
focus on natural resources, the environment, and related fields. It is one of the
largest colleges of engineering and applied sciences in the U.S., serving a student
population of approximately 4000 students including 800 graduate students. CSM
has the highest admission standards of any university in the state of Colorado and
has among the highest admission standards of public universities throughout the
U.S. [2].
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The Campus of Colorado School of Mines.

In addition to a vibrant program in graduate research, MCS had offered
several prior opportunities for research experiences for undergraduates through
REU supplements to existing NSF grants as well as an NSF site grant (DMS-
9912293) in the mathematical sciences which was implemented on the CSM
campus during the summers of 2000, 2001 and 2002, under the direction of
Dr. Graeme Fairweather, former department head of MCS. Over the course of
this three year program, there were a total of 28 student participants, nine in
2000, ten in 2001, nine in 2002, with 13 females and 15 males, selected from
approximately 175 applicants. For six weeks during each summer of the program,
the participating students worked in teams of two or three with an MCS faculty
member on an original research project. The following refereed journal articles
were produced as a result of this research; an asterisk (*) denotes an REU student
author.

*B. Bialecki, G. Fairweather, D. B. Knudson, D. A. Lipman*, Q. N. Nguyen,
W. Sun and G. M. Weinberg*, “Matrix decomposition algorithms for the finite
element Galerkin method with piecewise Hermite cubics”, Numer. Alg., 52 (2009),
pp. 1-23.
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*K. Bold*, C. Chen* and N. Dutzman*, “An introduction to the computation
of American options”, University of Texas Undergraduate Research Journal, 1
(2002), pp. 38-43.

*W. Navidi and E. Weinhandl*, “Risk set sampling for case-crossover
designs”, Epidemiology 13 (2002), pp. 100-105.

As part of the evaluation process, the students completed a written survey
and an exit interview at the conclusion of the REU experience. The survey
included seventeen Likert scale type questions in which the students rated the
extent to which project participation had impacted their interest in research in the
mathematical sciences. The evaluation also included free response questions, such
as "How has participating in the REU program at the Colorado School of Mines
influenced your educational and career goals?" The majority of students indicated
that the program had increased their interest in graduate studies and reassured
them that a career in the mathematical sciences was appropriate for them. The
collected data additionally indicated that the REU students generally planned to
further their education by continuing into graduate school. In fact, ten females
and seven males pursued a graduate degree immediately after participating in the

program.

4. Impetus for Hong Kong REU Site

In 2000, NSF’s Division of International Programs began an effort to
encourage U.S. researchers to establish international REU sites. A key excerpt
from the NSF program announcement states: "The U.S. science and engineering
(S&E) workforce is competing in a context that demands new and different
skills and competencies...The best technical training must be combined with an
understanding of how that expertise fits into the larger societal environment, into
our overriding national goals, and into the goals of other nations.” Consistent with
these goals, the Association of American Colleges And Universities [6] identified
the following learning outcomes as critical areas of need for recent college
graduates: i) teamwork skills and the ability to collaborate with others in diverse
group settings, and ii) global issues and developments and their implications for
the future. These arguments reflect a growing concern in the U.S. that there are not
enough students prepared in science and mathematics and there are not enough
students prepared to participate in a global economy, especially at the graduate
level [3, 7]. In the NSF program announcement, it was further argued, “East Asia
presents clear challenges and opportunities for developing an S&E workforce.
It is a region of strategic importance to the United States, with a strong cadre
of scientific talent, a rapidly developing technological base, and the potential to
provide significant new markets for U.S. technological products...” In response to
NSF’s program announcement, Dr. Fairweather and Dr. Junping Wang, both MCS
faculty members at that time, submitted a proposal and received funds in the form
of a supplement to the original REU site grant to support a visit to Hong Kong and
investigate the feasibility of establishing an REU site (DMS-0206884). This visit
led to the creation of the REU program described in this article (DMS-0453600).

Hong Kong was selected as a potential REU site for several reasons. First, its
concentration of universities with excellence in numerical analysis and scientific

computing is exceptionally strong. Second, Drs. Fairweather and Wang had

previously interacted with numerical analysis and scientific computing university
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faculty from this region, providing ease in communication and comfort among
the faculty participants. Third, English is the official language in Hong Kong,
minimizing the potential of language barriers. Fourth, Hong Kong is recognized
as a country that provides minimal health risks. According to the U.S. Center for
Disease Control and Prevention, visitors to Hong Kong should “observe health
precautions similar to those that would apply while traveling in the United States”.
Finally, Hong Kong is one of the safest cities in Asia.

5. Hong Kong REU Experience

The project goals for this international REU program were:

*to increase undergraduate students’ interests in pursuing advanced degrees
in mathematical sciences; and

to provide participating students with a high quality international research
experience in the mathematical sciences.

This section describes the REU participants, and the activities that were
designed to support the attainment of these goals.

Participants

Each year, ten participants were selected from a pool of approximately fifty
applicants, based on their academic performance in the mathematical sciences,
career interests and objectives, and readiness to pursue an overseas project. Most
of the participants learned of the program from the NSF webpage listing all such
programs [11]. Others learned of it from faculty members who received electronic
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REU #-ash 69 5 — s34
REU 2006 students in Hong Kong

fliers sent through list servers of the Mathematical Association of America and

other leading U.S. programs in applied and computational mathematics. All
but five of the 30 student participants were within one year of completing an

Ky 304 /AT 72



RAR IR EZRXIFADLSE, RUONAESEIH K KA HH
MR, —EEREE LRI ARG R
SEM. BRERIX g, BATEARFETU RER AN
AESR AR OR AR E VBT A B A Fhh g o IR LR 22 AR ARAT
R, IFREAR PR AL B RAS B, X
REIRLAATTZ AR AR B A AR A 2 o

TETEBIE], 2% 45 /N 25 ) Fairweather {1 DL Jg
B LR SR R o X e R R AR TR
AATTEAS I B 18, BB ] BRI R, BAR
FET RIS H AR FENE BN BELE R I i, RS/ %
e — AW TR & IF45 th—AS 300 B s k. Wy
B g 84 45 1 A 45 ARORTE 0 ) P 80T AR B B SR K
ST AR

Fairweather ft - /E 8 ANE 2 BIR B LA — N H
PRI AR IR AT, 22 AR A8 B TR AT O 11 P
W, S EAEREIAAT. AT T BN A A
TR WA T AT AN 10 8, 3 Ak g2 > DL
RPNV FE .

MRZREDN

FHE, REUMERRA WIS N—Le it @ 2otk 2 b
SRRy SR P 11K (N = e s <O R ES ] T 2 DA
MEFZ R o Blhn, VEZ2REUS A SNt 4 AR 12 s AT
VS R 25 R . ARG LSS SRS, A
TE20064F 75 1 FH A MR 23 27 2 IR 3 o 45 ) o |
Brfftist 2 s 20084F /N R A i 3l i K% 32 7010 o7 F 4
BRI A3 M A S VR EBR 250, DL RIAF A B s 245 70
)l B v S BT A R A S I s . AR
Z200TAFE A E S N T A UEZS IR K X 208 1R
A IZ

20064F [REUZ ARG AT HL23 52k A Wi AR K211
FAZ M Gene Golublt L HEATAEIEAR M. Fi)5
Golublg £ i TEF U h SR L T AREUS A I 8
HIIF BE o

FE20074F MI20084F (TGS 1, TR Ao ZR g
IREAZ ZHREUSE A B[ TR 24T 4 ) — H T T
FEARHL, ARSI TR &t W TR
HEIWFFT AR S AT S M TR AR T . S35k, —

DIMMMmMEwanﬁ%ﬁﬁ

undergraduate degree and all had a declared major in the mathematical sciences.

The NSF encourages the participation of underrepresented groups, students
from academic institutions where research opportunities are limited and students
from institutions other than the host institution. Each year, the program involved
five female students and five male students; two of the 30 participants were
Hispanic; of the 24 colleges and universities represented by the participants, only
five are Ph.D. granting institutions; and, of the 30 participants, only four were
from CSM. In the mathematical sciences, both women and Hispanic students are
classified as underrepresented in the U.S.A. Most of the participants had prior
research experience but for many this was their first opportunity for foreign travel.

Preparation for Travel and Research

Before departing for Hong Kong, the students were assigned to research
teams comprising a faculty member from a participating Hong Kong university
and two or three REU recipients; these individuals immediately began electronic
interaction. The students were also provided background material regarding their
project and addressing practical issues, such as cross-cultural understanding, travel
arrangements and insurance matters, accommodation and food, and safety and
health concerns. Moreover, they were asked to complete and submit preliminary
assessment activities which are described in the Assessment and Evaluation
section of this article.

Over the three summers of the program, the participating students traveled
to Hong Kong during the last week of May. The principal investigator of the NSF
award, Dr. Fairweather, also traveled to Hong Kong, and stayed with the students
in the Ng Tor Tai (NTT) International House at HKBU. This on-campus housing
provided a pleasant environment for the REU participants, conveniently located
for shopping, dining and transportation. The host institutions provided the student
teams with office space and computing facilities

Research Projects

Fourteen research projects developed by participating Hong Kong faculty
members were undertaken over the course of the program. These are listed in
Appendix I together with the members of the research teams and their affiliations.
It was originally expected that all of the student participants would have a strong
grounding in ordinary differential equations, linear algebra, and numerical
methods, together with knowledge of a programming language such as C, Fortran
or Matlab. However, this proved to be rather unrealistic since a key prerequisite
course, numerical methods, is often a final year course in a standard U.S.
undergraduate curriculum. In view of this limitation, care was taken to ensure that
each team collectively had the requisite skills for the project to which they were
assigned. The students were sufficiently talented and well motivated that they
quickly addressed any deficiencies in their knowledge, primarily through their
interactions with other participants.

During the course of the program, the student teams presented several
oral progress reports to their peers and Dr. Fairweather. These interim reports
included a discussion of accomplishments, problems encountered and solutions,
and the remaining project goals. At the end of the program, each team was

required to prepare a final written report and give a 30 minute oral presentation.
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Attendees at this presentation included faculty research mentors and faculty
members and students from HKBU. Dr. Fairweather acted as a direct resource to
the students throughout the program, assisting students when projected-related
difficulties emerged. The students also met informally with him in small groups or
individually to discuss various issues such as graduate studies and career options.

Activities Beyond Research

Each year, there were opportunities for the REU students to participate
in activities designed to expose them to a broader scope of international
mathematical research beyond what they were completing. For example, many of
the REU students attended Ph.D. defenses and listened to talks given by visiting
speakers. They also had the opportunity to attend and participate in research
conferences, including the 2nd International Workshop on Structured Matrices at
HKBU (2006), and, at City University in 2008, the International Conference on
Applied Mathematics: Modeling, Analysis and Computation and the Foundations
of Computational Mathematics Conference. Two of the 2007 participants attended
the Asia-Pacific Professional Leaders in Education Conference held in Hong Kong
in July 2007.

The 2006 REU students also had the opportunity to have tea and informal
discussions with the now late Dr. Gene Golub, the renowned numerical analyst
from Stanford University. As a result of this meeting, Dr. Golub later presented
a seminar on the history of scientific computing at the Chinese University
specifically for the REU students. During the 2007 and 2008 programs, the
students made a day trip to the University of Macau arranged by Dr. X. Q. Jin
of the University of Macau's Mathematics Department. There, they attended
a seminar and met with graduate students, who provided a guided tour of the
campus and city. An annual cruise was organized Dr. Yiu Sang Moon of the
Department of Computer Science and Engineering at the Chinese University. This
was attended by the REU students and graduate and undergraduate students in Dr.
Moon’s research group.

6. Assessment and Evaluation

Assessment and evaluation are central components of the NSF/REU
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