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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.

Ky 304 /AT 68

Hoee A/ G



2. XEERBFZESZEZFIREVINHE

19504F, 26 [ [ X RFE A 2R AN AL ) 5E [
B AR b 26 16 [ o fie e v, HH PR “HEZh Rl
MIHED, HESDEE KGR . oA M, nam [ By 45
S o XA A S LR B 4 4 T R A
NGRS, T R 45 0 By 1) 00 H A I AR ) o
fiE R, BRI AER, RV R
BREH TR, LR, iR, BeEmysrs,
o ATHRIET Y, HE 5 ANERE, 510X
4153 H LA 5y o FL20094F () S KB 65145 T,
Horh 29 20% 0 FE A AT 57 2 a5 [ [ KR} 2 ke 2 I
BhAE R FI22 B B k) (ZF : http://www.nsf.gov/
about) .

5 [ [E X B p R A (1 — AN TR w2
XEITAT JZ IR A M TREHCH 277 SCrF—— M4l LI 51
REHT - REUSH IR — AN K2R
FEZAEHREUT H 22 TR R 1kt BB Rt
2 5 50AT A AT S ) TSR B2 A TR AR (L
FEBCA A KINBEIIID AR

BRI M EREUMAKR:: REUAMIN % B) MIREU
o REURMINGE B ARk 45 52 36 8 2 % W A A R0 ]
M, PSR SCREABAT TR A AR oL 23 A 23 0 1) 5 4 22 0 1)y 11 I
Hebo RS 70RO, W H Mt ]
DA 4 i 64 23 FHREUAMINIE 42, T H 1 se AT LA
HEREUAE Jy 3 (A 8T R B 43 1) S 4 Wi . o9 —
JiThi, REUSE ALK i N ERFI LGN E , (HF
AR (TR U ] ) SRR LR R 2 A S
DRI o SBHOCT, NI S AE 2% 4R 0 38 T4 n] LA
{H,  TTREUSS 3 4 ) L Sc F e 2 I T H o

. BERIFTHEZH WHIRAIREVIEE &

W22 - 18TAAEAE 36 B R} D 2 M 4 (i B,
TS TRV B R 2 R0 LK . M 18764 R By
LN AN IR, L2 B st ik — AN M ST 2 B
S RERE—NETIBOT AR RIE FRECRIH ST
NNERFFEI 2 o S8 [ TOREAN N B2 Oy T e K1)
TRz —, KAH40004 %4, HPH8004 W5

M athematical Education

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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National Science Foundation Building

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].

T3 H LFREAR

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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. U.S. - Hong Kong REU in
ngneﬂcal Analysis and Scientific Computing
~ with Appli in Applied.Sei i e

ay 29, 2006 - July 21, 2006

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
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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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experience. As part of any NSF funded project, researchers are required to collect
and analyze data with the purpose of examining the effectiveness of the program.
Dr. Barbara Moskal of MCS led the assessment and evaluation effort.

Pre and Post Project Essays

Prior to their leaving for Hong Kong, the REU students were asked to write
an essay, referred to herein as a pre-essay, describing what they perceived would
be their future contributions to mathematics and the mathematics community.
Upon returning from the program, they submitted a post-essay that described
how they would revise their pre-essay based on their experiences in Hong
Kong. In their pre-essay, all students indicated their intention to attend graduate
school in a mathematical field (i.e., mathematics, computer science or physics),
and approximately half expressed interest in acquiring a Ph.D. in one of these
disciplines. The majority of students also indicated that they had an interest in
seeking a career that included college level instruction and/or mathematical
research. The majority of the post-essays indicated that the experience had not
changed their future aspirations, but rather had reinforced them. Most students felt
that the REU experience confirmed that graduate school and a mathematical career
were appropriate for them.

Weekly Reflections

At the end of each of the first seven weeks of the program, students
submitted written responses to the following: “Reflect on the past week's
experiences. Explain what you learned both mathematically and culturally." Each
year, the students' responses were very similar. At the end of the first and second
weeks, most students primarily reported cultural observations. Student reflections
began to focus more on mathematics and on problems that the students were
experiencing with their research by the end of the third week, and in weeks four
and five, students began to express satisfaction with the progress of their research.
During the sixth week, a major concern of the students was the lack of time to
complete their projects. By the seventh week, the students began expressing
satisfaction with the outcomes of their research. Students also expressed both

excitement and regret at the prospect of returning home.
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Focus Groups

Dr. Fairweather led a focus group discussion with the students halfway
through the program. The purpose of this focus group was to evaluate the quality
of the students' experience up to that point, and to acquire suggestions for
improvement. At the same juncture, a focus group was also held among the faculty
research mentors. The purpose of this activity was to acquire information from the
faculty members that was used for immediate project improvement.

Exit Interviews

At the conclusion of the research experience, each of the participating
students completed an exit interview with Dr. Fairweather. The purpose of
this interview was to acquire in-depth information concerning the student’s
experiences in the program and to determine how participation in the program had
influenced the student’s future goals.

Evaluations provided by HK Faculty

As part of the evaluation process, the faculty mentors in Hong Kong were
asked to rate each of their students with respect to the following: contributions
to the research team, the final submitted research project, and future research
potential. All of the students were evaluated to be “Average" or above with respect
to each question. In fact, the majority of students received a rating of “Excellent".

End of Program Surveys

At the conclusion of each session of the REU program, the participating
students completed a written survey based on [10] and containing approximately
50 questions. This survey was specifically designed to evaluate the following: i)
the organizational quality of the program, ii) the learning environment, iii) the
quality of student learning; iv) resources for academic and student support; and
v) the program’s administration. Each faculty advisor also completed a written
survey based on [10] in which they responded to questions concerning: i) the
organizational quality and overall experience, ii) the quality of student participants
and the student-adviser match; iii) program administration; and iv) adviser
orientation. Both instruments resulted in positive responses from the participating

groups.

7. Project Outcomes

Evidence to support the effectiveness of this program is also provided
through the project outcomes. Many of the REU students gave conference
presentations based on their projects, and two received awards for these
presentations. Several of the students also published their collaborative work as
journal articles. Still others wrote and published accounts of the REU experience
itself. The co-authors of the current article also presented conference papers and
published articles concerning this experience. This section summarizes these

outcomes.

Conference Presentations and Awards

In total, eight conference presentations which included the participation
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of eleven REU students were made and these resulted in two awards. These are

summarized here.

*Tyler Drombosky (Participant 2007) was designated a 2007 AMS Award
Winning Pi Mu Epsilon Student Speaker for his paper “Effective Condition
Number” presented at the MAA MathFest 2007, San Jose, California, August
2007.

*Alyson Burchardt (Participant 2007) won the undergraduate award at the
Colorado School of Mines Student Research Fair for a poster entitled “Super-

Resolution Image Reconstruction”, April 2008.

*Michael McCourt (Participant 2006): “Chebyshev Collocation Methods for
Resolving Spike Dynamics in the GM Reaction-Diffusion Model", Seventeenth
Annual Symposium for Undergraduates in Science, Engineering and Mathematics,
Argonne National Laboratory, November 2006. The paper was co-authored by
Nicholas Dovidio (Participant 2006) and Michael Gilbert (Participant 2006).

*Michael McCourt (Participant 2006): “Spike Dynamics in the Gierer-
Meinhardt Model using Chebyshev Collocation Methods", SIAM Conference on
Computational Science and Engineering, Costa Mesa, California, February 2007.

The paper was co-authored by Nicholas Dovidio and Michael Gilbert.

*Samantha Summerson (Participant 2006) presented a poster, “Wavelet
SIAM Conference
on Computational Science and Engineering, Costa Mesa, California, February
2007, co-authored by Meghan Belinski (Participant 2006) and Andrea Martinez
(Participant 2006).

Algorithms for High-Resolution Image Reconstruction",

*Sarah Khasawinah (Participant 2008): “Evaluation of Hypersingular
Integrals using Numerical Methods”, Eastern Pennsylvania and Delaware Section
of the MAA, Ursinus College, Collegeville, Pennsylvania, November 2008,
and The Eleventh Annual Nebraska Conference for Undergraduate Women in

Mathematics, Lincoln, Nebraska, January 2009.

*Samantha John (Participant 2008): “Predicting Exchange Rates using
Artificial Neural Networks”, The Eleventh Annual Nebraska Conference for
Undergraduate Women in Mathematics, Lincoln, Nebraska, January 2009.

*Anna Meade (Participant 2008): “HYmini Wind-Powered Charger Data
Approximations”, MAA Louisiana/Mississippi Section 86th Annual Meeting,
Mississippi College, Clinton, MS, March 2009.

Journal Articles

Eight students co-authored journal articles. These are listed below with *
indicating an REU student author.

*M. McCourt*, N. Dovidio* and M. Gilbert*, “Spectral methods for

resolving spike dynamics in the Geirer-Meinhardt model”, Communications in
Computational Physics, 3 (2008), pp. 659-678.

*T. W. Drombosky*, A. L. Meyer* and L. Ling, “Applicability of the method
of fundamental solutions”,
(2009), pp. 637-643.

Engineering Analysis with Boundary Elements, 33

*E. Bassiri*, G. Fairweather and J. C.-F. Wong, “A finite element approach
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for the Brusselator model”, preprint.

Articles Concerning the REU Program

Two papers providing a student perspective of the international REU

program were also published.

*N. Dovidio* and S. Summerson*, “An international REU program: a
student perspective”, SIAM News, November 2006, p. 20.

*S. Summerson*, “U.S.-Hong Kong Undergraduate Research", 2006/2007
Newsletter, Department of Mathematics, The Chinese University of Hong Kong

Faculty Presentations and Publications

Six presentations and two published articles were completed by the authors
of this article.

*G. Fairweather and B. Moskal, “Research Experiences for Undergraduates
Program in Numerical Analysis and Scientific Computing”, Proceedings of the
Conference on Promoting Undergraduate Research in Mathematics, J. Gallian, ed.,
American Mathematical Society, Providence, Rhode Island, 2007, pp. 207-212.

*G. Fairweather and B. Moskal, “An International Research Experiences for
Undergraduates Program in Computational Mathematics: A Collaboration among
Hong Kong Universities and the Colorado School of Mines”, Rocky Mountain
Section of the Mathematical Association of America Newsletter, Fall 2006, pp.
15-16.

*G. Fairweather and B. Moskal, “Research Experiences for Undergraduates:
Attracting the Next Generation of Talent to Mathematical Research", 2006 Korea-
USA Forum for Attracting Gifted/Talented Students into Science and Engineering,
Seoul, Korea, June 2006.

*G. Fairweather and B. Moskal, “An International REU in Hong Kong”, The
Joint Mathematics Meetings, New Orleans, Louisiana, January 2007.

*G. Fairweather and B. Moskal, “A Research Experience for U.S.
Undergraduate Students in Hong Kong”, Asia-Pacific Association for International
Education Conference and Exhibition - APAIE, Waseda University, Tokyo, Japan,
March 2008.

*G. Fairweather and B. Moskal, “International Research Experience for
Undergraduate Mathematics Students: A Collaboration Between the U.S. and
Hong Kong”, The Joint Mathematics Meetings, San Diego, California, January
2008.

*G. Fairweather and B. Moskal, “An International Research Experience for
Undergraduates in Numerical Analysis and Scientific Computing”, SIAM Annual

Meeting, San Diego, California, July 2008.

*G. Fairweather and B. Moskal, “Learning Mathematics through International
Collaboration”, 4th QS Asia Pacific Professional Leaders in Education Conference
- QS-APPLE, Yonsei University, Seoul, Korea, July 2008.
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8. REU Participants’ Post-Program Achievements

Continuing efforts are underway to track the professional accomplishments
of the REU students beyond project participation. This section lists the known

accomplishments of former REU participants. Although these accomplishments
may not be directly attributed to the REU experience, they do reflect the quality of
the student participants.

*Of the 2006 students, the following seven entered graduate programs at the
indicated institutions: Nicholas Dovidio (Stanford University), Michael Gilbert
(University of Arizona), Amanda Harsy (University of Kentucky), Jonathan
Maack (Colorado School of Mines), Michael McCourt (Cornell University),
Samantha Summerson (Rice University), and Chelsea Weitzel (Colorado School
of Mines). Jonathan Maack and Chelseas Weitzel have since completed master’s
degrees and are employed by aerospace companies in Denver, Colorado. Nicholas
Dovidio has also completed a master’s degree and is now employed by Barclays
Capital in New York City. Samantha Summerson is the fourth in this group to
complete a master's degree, and is now pursuing a doctorate.

«.Of the 2007 participants: Alyson Burchardt (Brandeis University), Tyler
Drombosky (University of Maryland, College Park), Christopher Phillips (Texas A
& M), Bryan Romero (University of Colorado, Boulder), Mindy Schockling (Air
Force Institute of Technology) and Ely Spears (Brown University) are in graduate
school at the indicated institutions.

*Ashley Meyer is currently serving with the Peace Corps, teaching
mathematics in Guinea, West Africa. The Peace Corps was established by
President John F. Kennedy in 1961 to promote world peace and international
understanding. Ashley continues to have a presence at HKBU where she
appears in several posters around campus promoting various aspects of a HKBU
education.

Elizabeth Cheever (2007) spent the spring semester 2008 studying abroad
at the University of Edinburgh, Scotland. In 2009, she was selected to participate
in the “Teach For America” program and, soon after her graduation, she accepted
a teaching position in Atlanta, Georgia. Teach For America is a national corps of
outstanding recent college graduates and professionals who are willing commit
two years to urban and rural public school teaching.

*Mindy Schockling (2007) spent the spring semester 2009 studying abroad at
the University of Cape Town, South Africa.

*Alyson Burchardt (2007), Elizabeth Cheever (2007), Tyler Drombosky
(2007) and Bryan Romero (2007) were accepted into the 2008 National Security
Agency’s Director’s Summer Program, a highly competitive program involving
exceptional U.S. students in undergraduate mathematics.

*Bryan Romero (2007) and Tyler Drombosky (2007) participated in the
Budapest Semester in Mathematics Program in Budapest, Hungary, during the
spring semesters of 2008 and 2009, respectively. This program attracts North
American students “who are serious about mathematics, likely to benefit from
the experience of mathematics Hungarian style, and who are excited about
experiencing the intercultural adventure of living in Budapest”.

Ely Spears (2007) was awarded a National Defense Science and Engineering
Fellowship. Such fellowships are awarded by the U.S. Department of Defense to
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U.S. citizens and permanent residents who have demonstrated ability and special

aptitude for advanced training in science and engineering.

*Tyler Drombosky (2007) received a Goldwater Fellowship, a highly
competitive merit based scholarship in mathematics, science and engineering
awarded through a competitive process to students across the U.S. in their junior
(third) and senior (fourth) year of college.

*Four of the 2008 participants entered graduate school in fall 2009 at the
indicated institutions: Claire Curtis (University of Pittsburgh), Anna Meade (North
Carolina State University), Sarah Khasiwanah (Johns Hopkins University), and
Timothy Penderghest (Clarkson University).

«Jason Pearson (2008) is teaching English at Liaoning University of
Technology in Jinzhou, China.

*Michael McCourt (2006), Samantha Summerson (2006) and Sarah
Khasiwanah (2008) received National Science Foundation Graduate Fellowships,
a program that supports outstanding graduate students in NSF-supported science,
technology, engineering, and mathematics disciplines who are pursuing research-

based master's and doctoral degrees.

*Michael McCourt (2006) was selected to teach in the 2009 Johns Hopkins
University Center for Talented Youth (CTY) at Hong Kong University of Science
and Technology (HKUST) during July 2009, a joint program between CTY and
HKUST for academically talented middle and high school students. He spent June
2008 assisting in the 2008 REU program at HKBU.

*Cole Mcgee (2008) placed second in the 2008 National History of
Mathematics Paper Competition sponsored by the History of Mathematics Special
Interest Group of the Mathematical Association of America for his paper “Jean le
Rond D’Alembert: Mathematician, Philosopher, and Man of Letters” (posted at
www.homsigmaa.org/news08.pdf ). He nowholds a high school teaching position

in Colorado..

*In May 2009, Sarah Khasiwanah (2008) received a bachelor’s degree
in Mathematics and English (summa cum laude) and a master’s degree in
Mathematics from Bryn Mawr College, and Eugene. Milman (2008) received
a bachelor’s degree in Mathematics and Biochemistry and a master’s degree in
Applied Mathematics and Statistics from CUNY Hunter College. Both graduated
after only four years of study.

It should be noted that, since the majority of the 2008 cohort completed their
undergraduate education at the end of the 2008-2009 academic year, many of their

accomplishments are not yet known.

9. Refinement of Goals

As was discussed at the beginning of this article, the project goals for this
international REU were: to increase undergraduate students’ interests in pursuing
advanced degrees in the mathematical sciences; and to provide participating
students with a high quality international research experience in the mathematical

sciences.

After implementing and evaluating the first year of the REU program, these
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goals were re-evaluated. The students who participated in the program did not
uniformly display an increase in their interest in pursuing advanced degrees in
mathematical sciences. In fact, due to the selection criteria, most of the students
maintained their original intentions, i.e., to pursue a graduate level degree and
a career in the mathematical sciences. Given that the students applied to the
program and were selected to participate because they already had interests in
this area, participation in this REU experience strengthened rather than changed
their career objectives and opportunities. By the second year of the program, the
first goal was replaced with: to provide students who are interested in pursuing
an advanced degree in the mathematical sciences with a better understanding
of the nature of mathematical research, what is required in graduate school, and

mathematical careers.

Based on our assessment and evaluation activities, the project outcomes and
post-program achievements, there is ample evidence to support that the revised
first goal and the original second goal were achieved.

10. Concluding Remarks

As was previously discussed, the importance and benefits of undergraduate
research in an overseas location have been underscored in several recent
publications. According to [1], “Undergraduate research abroad can demonstrate
that the cultural context of learning enhances the disciplinary knowledge gained”.
Published in 2007, the National Survey of Student Engagement (NSSE) [12]
was based on information collected from approximately 313,000 randomly
selected first-year and senior (fourth-year) students at 610 four-year colleges
and universities in the U.S. and Canada. Findings from this report indicate that
completing “high impact” activities, such as study abroad and undergraduate
research, during college boosts students’ performance in many areas, including
critical thinking, real world problem solving, and working effectively with others.
It was also found that students who studied overseas engaged more frequently in
educationally purposeful activities when they returned to their home campus.

As part of the international REU experience described herein, extensive
efforts have been dedicated to tracking the professional and academic outcomes
of the three cohort groups, 2006, 2007 and 2008. The findings reported here
are consistent with those of other researchers. There is little doubt that the
participating REU students benefited culturally, academically and professionally
from this program. However, for the Hong Kong research mentors, the benefits
were not as obvious. Acting as a student supervisor required a significant
amount of time and effort and the Hong Kong faculty did not receive financial
compensation nor did they necessarily receive institutional recognition for their
efforts. In other words, the Hong Kong faculty time was voluntary. This factor
greatly reduced the sustainability of this program because faculty can only be
asked to work for free for a limited amount of time.
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Department for arranging the visits to Macau, and Dr. Y. S. Moon and his students
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development of the successful NSF proposal to center the REU program at HKBU.
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Hong Kong director of the program upon Dr. Hickernell's departure, and to Dr.
Tao Tang and the staff in the Department of Mathematics at HKBU, particularly
Ms. Claudia Chui, for their assistance, guidance and support throughout the
program. We would be remiss if we did not acknowledge the assistance of our
colleagues and staff at the Colorado School of Mines, particularly Dr. Bernard
Bialecki and Ms. Pam Beckman. Finally we thank the NSF for its financial support
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contributions to the community at large as well as the strong support and
encouragement that he gave so many individuals.

Appendix: Research Projects

Year 1: May 29, 2006--July 21, 2006

*Wavelet Algorithms for High-Resolution Image Reconstruction
Research Supervisor: Dr. Raymond Chan, Department of Mathematics, The Chinese
University of Hong Kong
REU Participants: Meghan Belinski (Loyola College in Maryland), Samantha

Summerson (University of California, Berkeley), Andrea Martinez (Regis University)

Spectral Analysis of Differentiation Matrices and Applications
Research Supervisor: Dr. Weiwei Sun, Department of Mathematics, City University
of Hong Kong
REU Participants: Amanda Harsy (Taylor University), Chelsea Weitzel (Colorado
School of Mines)

*Resolving Spike Dynamics for Reaction Diffusion Systems
Research Supervisor: Dr. Tao Tang, Department of Mathematics, Hong Kong Baptist
University
REU Participants: Nicholas Dovidio (Davidson College), Michael Gilbert (Colorado
State University, Pueblo), Michael McCourt (Illinois Institute of Technology)

*Subspace Clustering for High Dimensional Categorical Data
Research Supervisor: Dr. Michael Ng, Department of Mathematics, Hong Kong
Baptist University
REU Participants: Guangming Lang (New College of Florida), Jonathan Maack
(Colorado School of Mines)
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Year 2: June 1, 2007-- July 25, 2007

*An Interpolation-Based Approach to Super-Resolution Image Reconstruction
Research Supervisor: Dr. C. S. Tong, Department of Mathematics, Hong Kong Baptist
University
REU Participants: Alyson Burchardt (Colorado School of Mines), Elizabeth Cheever

(Brown University)

*Models for Emergent Behaviour
Research Supervisor: Dr. Felipe Cucker, Department of Mathematics, City University
of Hong Kong
REU Participants: Jeremy Sherman (New College of Florida), Ely Spears (Rose-
Hulman Institute of Technology)

Effective Condition Number
Research Supervisor: Dr. Leevan Ling, Department of Mathematics, Hong Kong
Baptist University
REU Participants: Tyler Drombosky (Youngstown State University), Ashley Meyer
(Huntington University)

*Numerical Methods for Inverse Problems
Research Supervisor: Dr. Benny Hon, Department of Mathematics, City University of
Hong Kong
REU Participants: Bryan Romero (Colorado School of Mines), Mindy Schockling
(Capital University)

*Problems in Computational Biology
Research Supervisors: Drs. Jeff Wong and Jun Zou, Department of Mathematics, The
Chinese University of Hong Kong
REU Participants: Eileen Bassiri (Gonzaga University), Christopher Phillips

(California State Polytechnic University, Pomona)

Year 3: June 2, 2008--July 25, 2008

*A Double Hidden Markov Model of Default Interaction
Research Supervisor: Dr. Siu Leung Fung, Department of Mathematics, Hong Kong

Baptist University
REU Participants: Claire Curtis (University of North Carolina, Asheville), Thomas

Jones (Gonzaga University)

«Efficiency of the HYmini Portable Wind Powered Charger
Research Supervisor: Dr. Leevan Ling, Department of Mathematics, Hong Kong
Baptist University
REU Participants: Anna Meade (Mississippi State University), Jason Pearson
(Appalachian State University)

*Computational Challenges in Time-Dependent Partial Differential Equations
Research Supervisor: Dr. Cedric Yiu, Department of Applied Mathematics, Hong
Kong Polytechnic University
REU Participants: Eugene Milman (CUNY Hunter College), Kirstin Reinertson (Texas
A&M University, Corpus Christi)

*Forecasting Global Exchange Rates with Artificial Neural Networks
Research Supervisor: Dr. Leong Kwan Li, Department of Applied Mathematics, Hong
Kong Polytechnic University
REU Participants: Samantha John (Columbia University), Timothy Penderghest
(Clarkson University)

*Numerical Approximations to Hypersingular Integrals
Research Supervisor: Dr. Weiwei Sun, Department of Mathematics, City University
of Hong Kong
REU Participants: Sarah Khasawinah (Bryn Mawr College), Cole Mcgee (Colorado
State University, Pueblo)
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Dear Editors:

I would be very pleased if the article were published in
Chinese and disseminated in China. I am working on a
plan for international action on some of these issues, and
support by colleagues in China would be very valuable.

I have already gotten similar requests, and there are
already translations into several languages. SIAM and I give
permission with only the obvious minimal requirements,
namely that you (i) State the source of the original article;
(ii) Include a link to the original, which is posted at my
website; (iii) Include a biographical note about the author.

Thanks, and best regards,

Doug Arnold,
President of SIAM

Scientific journals are surely important. They provide
the most effective means for disseminating and archiving
scientific results, and so are a key part of an enterprise
on which our health, security, and prosperity ultimately
depend. Publications are used by universities, funding
agencies, and others as a primary measure of research
productivity and impact. They play a decisive role
in hiring, promotion, and salary decisions, and in the
ranking of departments, institutions, even nations. With
big rewards tied to publication, it is not surprising that
some people engage in unethical behavior, abuse, and
downright fraud. Still, when I started to look at the issues
more closely, I was appalled by what I found. In this
column, I give a few troubling examples of misconduct

by authors and by journals in applied mathematics. One
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conclusion I draw is that common bibliometrics -- such
as the impact factor for journals and citation counts for
authors -- are easily manipulated not only in theory, but
also in practice, and that their use in ranking and judging
should be curtailed.

SIAM places great value on scholarly publishing,
of course, and we are taking strong actions to ensure
the integrity of our own publications and to protect
our authors from theft of their work. But we are still
struggling to decide just what actions we should take.
So I invite the thoughts of members of the SIAM
community. If you have witnessed troubling incidents
in journal publication, let me know. Do you think such
incidents are on the rise? Should SIAM be doing more?
Should we look beyond our own publications and

authors?

Author misconduct -- most obviously verbatim
plagiarism, but also more subtle appropriation of
ideas and duplicate publication -- has always been
with us. At SIAM, however, our impression is that the
problem is becoming far more common. Perhaps even
more disturbing is journal misconduct, carried out by
publishers and editors, often with an evident profit
motive. One example is a sloppy or sham peer review
process designed to produce the impression of a serious
scholarly journal without the substance. Another is the
deliberate manipulation of citation statistics in order to

raise the impact factor or other journal bibliometrics.

A recent case involving SIAM brings in both author
and journal misconduct. A paper published in a SIAM
journal in 2008 was plagiarized essentially verbatim from
a preprint version posted by the authors on the web. A
copied version of the paper appeared in the International
Journal of Statistics and Systems in the same year
with different title and authors. SIAM's publisher, vice
president for publications, executive director, and I
undertook a full investigation, which required nearly six

months. The case got messier and more disturbing week
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bo TYRTE B O T E e S T SR o, A
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RHD o XA ERAEAL B CRIXA AT 2R M0 S a
SN T 4922551830, e ABEA 20000051 30K Al A
P ASAT EIR8 30, 3X L R 3 A A N8 3
20074, {EThomson ReutersfT4l[1) “ 2% M52~k W H 7
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P

T3 — AW PR v A A A 1 A 5 2 20004 61 )
), HBEAE LLE A I B A A8 H i 4 (Freund Publishing

by week. I decided that our final report on it should be
made fully public; it is available on the web, where you

can read the details (www.siam.org/journals/plagiary).

Meanwhile, here are some of the sad conclusions.
Based on the papers that we reviewed, we determined
that the suspect authors had committed plagiarism in this
and various other cases. At least four articles published
under their names in four different journals are essentially
verbatim copies of the articles of other authors, and we
have reason to believe that there are other cases as well.
The journal publisher, Research India Publications,
publishes nearly 50 journals, many related to applied
mathematics, but did not respond to our inquiries
about the plagiarized article. We contacted the editor-
in-chief listed on the journal web page, but he himself
has been unable to contact the journal! After learning
about this incident from us, he submitted his resignation
to the journal but has received no response from the
publisher; his name, along with those of numerous other
distinguished mathematicians, remains on the journal

website.

Rumors of editor and journal misconduct have
dominated the highly publicized case of the applied math
journal Chaos, Solitons and Fractals (CSF), published by
Elsevier. As reported in a 2008 article in Nature (Nature,
vol. 456, 27 November 2008, page 432), "Five of the
36 papers in the December issue of Chaos, Solitons
and Fractals alone were written by its editor-in-chief,
Mohamed El Naschie. And the year to date has seen
nearly 60 papers written by him appear in the journal." In
fact, of the 400 papers by El Naschie indexed in Web of
Science, 307 were published in CSF while he was editor-
in-chief. This extremely high rate of self-publication by
the editor-in-chief led to charges that normal standards
of peer-review were not upheld at CSF; it has also had
a large effect on the journal's impact factor. (Thomson
Reuters calculates the impact factor of a journal
in a given year as C/A, where A is the number of articles
published in the journal in the preceding two years,
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and Cis the number of citations to those articles from
articles indexed in the Thomson Reuters database
and published in the given year.) El Naschie's papers in
CSF make citations, about 2000 of which are to papers
published in CSF, largely his own. In 2007, of the 65
journals in the Thomson Reuters category "Mathematics,
Interdisciplinary Applications", CSF was ranked number
2.

Another journal whose high impact factor raises
eyebrows is the International Journal of Nonlinear
Science and Numerical Simulation (IJINSNS), founded
in 2000 and published by Freund Publishing House. For
the past three years, IINSNS has had the highest impact
factor in the category "Mathematics, Applied". There are
a variety of connections between IJNSNS and CSF. For
example, Ji-Huan He, the founder and editor-in-chief of
IINSNS, is an editor of CSF, and El Naschie is one of the
two co-editors of IJNSNS; both publish copiously, not
only in their own journals but also in each other's, and
they cite each other frequently.

Let me describe another element that contributes to
IJNSNS's high impact factor. The Institute of Physics
(IOP) publishes Journal of Physics: Conference Series
(JPCS). Conference organizers pay to have proceedings
of their conferences published in JPCS, and, in the words
of IOP, "JPCS asks Conference Organisers to handle
the peer review of all papers." Neither the brochure nor
the website for JPCS lists an editorial board, nor does
either describe any process for judging the quality of
the conferences. Nonetheless, Thomson Reuters counts
citations from JPCS in calculating impact factors. One
of the 49 volumes of JPCS in 2008 was the proceedings
of a conference organized by IJNSNS editor-in-chief He
at his home campus, Shanghai Donghua University. This
one volume contained 221 papers, with 366 references to
papers in IJNSNS and 353 references to He. To give you
an idea of the effect of this, had IINSNS not received a
single citation in 2008 beyond the ones in this conference

proceedings, it would still have been assigned a larger
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impact factor than any SIAM journal except for SIAM

Review.

Another example of journal misconduct was revealed
with an element of comedy. In ""CRAP's paper accepted
for publication", published online in June in Science
News, senior editor Janet Raloff (www.sciencenews.
org/view/generic/id/44706/title/Science_+ the_
Public 'CRAP' paper_accepted for_ publication)
described an experiment in which Cornell graduate
student Philip Davis and a friend used a computer
program, SClgen, to generate a random document; the
grammar and vocabulary were those of a computer
science research paper, but the document was completely
free of meaningful content. (The paper opens, "Compact
symmetries and compilers have garnered tremendous
interest from both futurists and biologists in the last
several years. The flaw of this type of solution, however,
is that DHTs can be made empathic, large-scale, and
extensible." Four pages later, it concludes, "We expect to
see many futurists move to studying TriflingThamyn in
the very near future." Indeed!) The paper was submitted
to The Open Information Science Journal (TOISCIJ),
published by Bentham Science, a publisher of more than
200 open-access scientific journals (many of which,
according to the publisher's website, have high impact
factors). Although the paper was submitted under
pseudonyms and with the give-away affiliation Center
for Research in Applied Phrenology, or CRAP, Davis
was notified four months later that the "submitted article
has been accepted for publication after peer-reviewing
process in TOISCIJ." Following the open-access model,
the publisher told the authors that the paper would be
published as soon as they sent a check for $800. (They
declined to do so.)

The cases I have recounted are appalling, but
clear-cut. Perhaps even more dangerous are the less
obvious cases: publishers who do not do away with
peer review, but who adjust it according to nonscientific

factors; journals that may not engage in wide-scale and
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systematic self-citation, but that apply subtle pressures
on authors and editors to adjust citations in favor of the
journal, rather than based on scholarly grounds; authors
who may not steal text verbatim, but who lift ideas
without giving proper credit. These are much harder to
measure and adjudicate. What do you think? Are such
practices significantly distorting the scientific literature
or enterprise? Do you have a story of such dubious

practices to tell?

One conclusion that I am ready to draw is that we
need to back away from the use of bibliometrics like
the impact factor in judging scientific quality. It has
long been noted that what the impact factor measures
is not well correlated with the quality of a journal, and
even much less with the scientific quality of the papers
appearing in it or of the authors of those papers. In
our field, the 2008 IMU-ICIAM-IMS report Citation
Statistics (www.iciam.org/QAR/CitationStatistics-
FINAL.PDF) made that case eloquently. Less emphasized
has been that these metrics are open to gaming, and
are in fact being gamed; in some cases they are likely a
better indicator of the unscrupulousness of the authors,
editors, or publishers than of the quality of their work.
Frequently, I hear of technical solutions, proposed in the
hope that an adjustment to the formula -- for example,
increasing the time frame for the impact factor from 2
to 5 years, or excluding self-citations -- will solve the
problem. Such remedies, in my opinion, are doomed to
failure. The numbers of citations to mathematical articles
are small integers, with excellent papers often drawing
lifetime totals of only tens or hundreds of citations, and
such numbers are easily manufactured. What one editor
can do in one journal by self-citation, a pair of editors
can do with two journals without self-citation. Counting

can never replace expert opinion.

What can we, as concerned scientists, do? Of course,
the first step is to look to ourselves: As scientists, we
should place great emphasis on scientific integrity, in

what we write and what we review. Ask yourself some
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[1] http://www.siam.org/journals/plagiary/
[2] Nature, vol. 456, 27 November 2008, page 432.
[ 3] http://www.sciencenews.org/view/generic/id/44706/title/

Science_+_the_Public__‘CRAP’_paper_accepted_for_publication

[4] http://www.iciam.org/QAR/CitationStatistics-FINAL.PDF

questions before lending your name to a journal as an
editor. Does that journal hew to high standards of peer
review? Does it have clear policies and mechanisms for
enforcing them? Is its output a useful addition to the
sprawling scientific literature? We also need to educate
others, not only our students, but also our colleagues and
administrators and managers. The next time you are in a
situation where a publication count, or a citation number,
or an impact factor is brought in as a measure of quality,
raise an objection. Let people know how easily these can
be, and are being, manipulated. We need to look at the
papers themselves, the nature of the citations, and the
quality of the journals. I look forward to learning from
the experiences and thoughts of the SIAM community.

You can reach me at president@siam.org.

The PDF file of this article is available at
http://umn.edu/~arnold/siam-columns/integrity-under-attack.pdf
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