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Abstract

This paper presents a modd that we have successfully used to increase the number of
undergraduates that are acquiring skills in computationd science.  This modd involves the
exploration of computationd scence by freshmen, involvement of undergraduates in
interdisciplinary computationa science research, preparation of dudents for summer internships
in computational science and related areas, and mentoring of students. The program has shown
increese in the number of <Sudents that gpply computationa science skills in their mgor
disciplines. It has led to increase in the number of students that are doing joint and double
maors in Computer Science and other fidds. Specific successes include the publications of
severd papers that involved undergraduate students, and participation of students in internships
a National Laboratories (Oak Ridge Nationd Lab, Sandia Nationad Lab, and Office of Nava
Research Lab in Washington, DC) and high-tech industries (including Oracle Corporation).

1. Introduction

Computationd Science plays an immense role in research and devdopment in dmost dl
disciplines, egecidly in mahemdics, stience, engineering and biomedica  disciplines.
However, most undergraduate curricula do not have adegquate computational science programs
that cut across disciplines.  While computationd skills are incorporated in severd science and
engineering courses, there is not enough emphass on red-life gpplications and research. The
major opportunities for the deveopment and applications of computationa science by
undergraduates are summer research programs and senior projects. Except for discipline closdy
relaled to computer science, undergraduate students do not acquire enough computational
science <kills. In this paper, we present the steps we have taken to increase the number of
undergraduates who acquire skills in computationa science in a smdl higoricdly black college,
Fisk Univergty. The motivation and objectives for the development of the computationd
science ectivities ares

1. Increase sudents understanding of computationd science and how it could be applied to
solve problemsin their various disciplines.

2. Promote gsudents enthusasm and interest in computationad science and encourage them
to acquire and use computationa science skillsin ther fields of sudies and future career.

3. Train more undergraduates that are capable of proceeding to acquire professond and
graduate degrees, as well as take a career, in computationa science related fields.
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2. The Model

The overview of our mode for increasing the number of undergraduates that are acquiring skills
in computational science is schematicdly shown in Fig. 1. There are two base infrastructures
that provide resources and support for the program. These are curriculum/teaching and
undergraduate research activities.

riculum & Tead ergr acuate Rese
Interdisciplinary
Seminars & Research
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Students Mentoring
and
Inter nship Placement

Fg. 1: Schematic of the model.

2.1. Curriculum and Teaching Infrastructure

The curricullum and teaching infrastructure supports the development of a course that serves as
both an orientation as well as introductory course in computational science for freshmen. It dso
provides support for interdisciplinary seminars, sudents mentoring and internship  placement
activities  Curriculum development programs give Us opportunities to encourage vaious
departments to incorporate strong computationa science component/topicsin their courses.

2.2. Undergraduate research infrastructure

The undergraduate research infrastructure mainly supports interdisciplinary research activities
and dudents internship preparation for summer work at nationa laboratories and high-tech
indugtries. It partidly supports students mentoring and internship placement activities  The
undergraduate research activities are pat of high-qudity research projects of faculty members.
From the faculty projects, we develop smaler components for students, where they could apply
computationd science skills. Common types of gpplications include:

1. Evauation and andyss of experimenta data.
2. Modding and amulation.
3. Viaudizaion.

2.3. Management and monitoring of progress

There is a drong centrd management component that coordinates dl the activities involved in
the program. It monitors the progress of the students and dl activities, through the use of a well-
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developed evduation process. The evauation of the program is a continuing process. The forma
elements of the evaluation process are as follows:

1. Pre-program paticipatiion questionnaire is used to record information about the students

capabilities and their expected achievements at the end of their undergraduate studies and
theregfter.

The progran management has ord individud interviews with participating sudents and
their daff mentors to determine if their expectations, and the expectations of the program,
arebeing redized. Any problemsthat arise are addressed at periodic mesetings.

Periodicdly, students and ther mentors complete severa questionnaires and documents
that include i) evaduation of the dudent by their mertors and research supervisors, ii)
evduaion of various activities by the dudents, and iii) evaduation of the activities by
mentors and research supervisors.

Periodic communication with students after graduation, to monitor how their experiences
affect their professiona and career goals.

2.4. Exploration of computational science by freshmen

Students are exposed a the freshman levd, to computationd science, through a drong
computational science component that has been incorporated into our exploring computer
science course.t The course was originaly designed to give computer science (CS) mgjors and
non-mgors an overview of the discipline — content, career opportunities and some foundationa
skills. Thus, it serves as both an orientation and a gentle preparatory course as described by
Cook’s paper on CS freshman orientation course? In addition to contributing to the retention of
CS mgors the course has atracted new mgors to the CS Program a Fisk University.® The
exploratory course is organized as follows:

1.

Regular taught class sessions. The regular taught class sessons take about 60% of the
entire course.

Seminars and workshops. These cover about 10% of the course. The seminars are given

by faculty members, upper class students, outsde professonals, and Fisk CS graduates
with computational science related jobs in industries or who are in graduate schoals.

Laboratory sessions. The laboratory session is about 10% of the course. The students
are introduced to the CS laboratory and are given lab assignments. Some of the lab
assgnments cover topics from the regular class sessons. The use of the CS laboratory
and introduction to one or more programming languages are dso induded in the
|aboratory work.

Group projects. Students are assigned group projects to encourage and introduce them
into working in groups. The group work takes about 15% of the course. Students from
different disciplines are assigned to one group to foster interdisciplinary experience.

Field Trips. Students go on one or more field trips, depending on availability of funds.
This accounts for about 5% of the course. Before the trip, students are shown videos that
describe the indudtrid sector for the planned vidt and the gpplications of computationd
stience in that area. Students are encouraged to interact with the host industry as much
as they can. A short paper describing the experience is required from the students after
returning from the fied trip.

Proceedings of the 2003 American Society for Engineering Education Annual Conference & Exposition
Copyright © 2003, American Society for Engineering Education

€'0,'8 abed



3. Examples of Under graduate Resear ch Projects

The computationd science research activities for undergraduates currently cut across severd
diciplines — computer science, mahematics, physcs, maerids science, hiologica/medica
sciences, and chemisry. Some of the outstanding research works by undergraduates are
described in the following subsections.  Their research results have been induded in severd
scientific publications*® The example projects described here are selected from the three types
of computational science applications (evauation and anadyss of experimentd data; modding
and amulation; and visudization) covered in our research group.

3.1. Computational evaluation of radiative transitionsin fiber laser materials

In this project, students used computationa evauations to process spectroscopy data obtained
from experiments that were desgned to study multiphonon relaxation and the effects of
temperaiure changes on laser trangtions in Erbium doped materids. Figure 2 shows the results
obtained for the green laser line in Erbium doped LeadTdlurium-Germanate Glass that has
goplications in fiber lasars. It shows that the green laser line separates into two distinct lines as
the temperature of the source falsto very low values?
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Fig. 2. Effects of temperature on some radiative transitions of Er®* in
lead-tdllurium-germanate glass.

The computational evauations enable us to observe the differences in the effects of temperature
on the intensities of the Sz, ® 1152 and *Fgp ® “l1s5, trangitions The intensity of the Sz, ®

“l15, trangition decrease with incressing temperaiure, and could be explained with increase in
depopulation of upper leves of the trangtion via multiphonon reaxation. On the contrary, the
2Hiyp ® %455 trangtion starts a ~130 K and its intensity increases with increasing temperature,
because its intensity depends mainly on 1) the thermaly populated 2Hiy» energy level according
to the Boltzmann didribution, and 2) depopulaion via multiphonon relaxation which has
increasingly detrimental effect with increesng temperaiure - the firgt effect is however dominant.

The computationa evauations used the experimentally measured spectroscopic data to map out
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the behavior of the materids and deive information that is useful in improving the fiber laser
source.

3.2. Computer modeling of arterial pressure based on medical conditions

This project involves computer modeling and smulaion of arterid pressure based on medica
conditions. The medica conditions include blood pressure, droke, arterioscleross, and sdt
retention.  An advanced verson of the smulaion will be a ussful and effective visudization
tool for doctors, patients, and for teaching students. Figure 3 shows the visudization results from
students research in this biomedica-computing project.” The modd is based on the function of
the heart and the mechanism of blood circulation. Using the concepts of blood flow rate, stroke
volume, flow resgance, and arterid compliance, we obtaned a fird order linear nor:
homogenous differentid equation that was used in the modeling:

dPA(t)/dt + (3/4RCa)Pa(t) = -15/ RCa

where P, is aterid pressure, R is systemic ressance, C, is arterid compliance, and t istime
The following solution is obtained usng the integrating factor method and the initid condition
Pa(o) = Psys.

Pa(t) = (Psys+ 20) EXp(-3U4R5Ca) -20

where Pgys is systolic pressure. The find meathematical modd is
Pa(t) = {[(VICy) — 20 + 20f)]/[1 —f] + 20} f — 20

where V is groke volume and f is an exponentia factor defined as f = exp(-3t/4RCy). Students
use this modd to develop the mahematicd rdations between the various medicd conditions,
which they use in implementing a visudization sysem to display patients medica data needed to
assis physiciansin their decisons.
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Fig. 3: A demo of phase-| of an arteria pressure visudization system.”
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3.3. Modeling and visualization of E-field Distribution in Multiwire Nuclear Detectors

This project is a component of a bigger project in the modding and smulation of physcd and
biologicd sysems.  Specific interests include nuclear detectors, medicd lasr systems, and
biomedicd sygems in which we are currently involved. Initid computationd activities were in
the smulation and visudization of dectrogtatic field distribution in gas-filled nuclear detectors®

This project is ided for training students on how to develop computation/smulation modds from
firsg principles based on the gpplication, accomplish the modeling, and develop a visudization
system that best represent the dtuation. A smplified example is shown in Fig. 4a where the
boundary conditions of the problem were agpplied to reduce Poisson's equation to Laplace's
equation, and through the use of numerica andyss and matrices we obtained the vaues shown.

Thefind phase of visudization is shownin Fg. 4b.
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(a) Computed E-potentid vauesin volts. regions.

Fig. 4. Computation and visudization of dectrogtatic field distribution in a gas-filled
nuclear detector.®

In a gasfilled nuclear detector the dectrodtatic field digtribution is an important factor in its
goplication for tracking the motion of charged particles The field didribution depends on the
shape of the dectrodes and the gpplied potentid difference. A good understanding of the field
created is useful in accurate designs of a detector and the calculation of the path of the detected
charged patice. The smulaion and visudization system the students are developing should be
cgpable of digitd digolay of the potentid (in volts) a a point defined in 3-D Cartesan
coordinates, and a visudization of the field showing the equipotentia and eectric-fidd lines.

This is a boundary-vaue problem with the boundary vaues defined by the applied potentia
difference P and the shape of the éectrodes. Starting from Poisson's equation the problem
resultsin Laplace s equation where charge density is zero:

d®Pldt? = 0

where P is potentid and t is time. Conddering a latice of squares of unit Sdes the numerica
solution of Laplace' s equation, by difference method, gives the potentia P; j « at apoint (i,j,K) as
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Pijk = (UB)[ Pis1jk + Pijsik + Pijksr + Pigjk + Pijoik + Pijk1]

wherei, j and k are positive integersin the x-, y- and z-axes respectively.

The above solution is used to set up any number n of potentid equations in n unknowns. The
resulting equations could be solved usng severd methods such as Gaussan dimination and
Gauss-Sedd iteraetion methods. The difficult pat of the entire process is the manua generation
of the potentiad equations. Using the properties of the shgpe of the eectrodes one could
subgantialy reduce the number of equations to be manudly generated. Students works dso
include developing Smulation equations to generate the required number of potentia equations.

4. Success and Setbacks

The modd succeeded in increesng the number of undergraduates acquiring skills in
computationa science. There are however some setbacks.

4.1. Setbacks
There are two mgor setbacks encountered while implementing the modd. These are:

1. High teaching and advisng/mentoring loads as a result of shortage of indructors with
expertise in computational science.

2. Inadequate financid support for dudents limited the number of hours Sudents
participated in research activities.
4.2. Success
The successful outcomes of the implementation of the mode are summarized below:

1. We successfully operated a 10-week undergraduate summer inditute for research in
computationd science for 8 students with partid funding from NSFMIIl grant, DOE
RAM grant, and NASA through the Fisk-NASA center. Students worked in pairs in 4
projects supervised by 4 faculty members, each serving as mentor in each project group.

2. The program provided unique research experiences to undergraduates who would not
otherwise have such opportunities.

3. The 8 undergraduates that participated in the summer inditute co-authored 4 publications
from their research work.>®

4. Sx of the dudents laer qudified for and paticipated in internships in Nationd
Laboratories (Oak Ridge Nationd Lab, Sandia Nationa Lab, and Office of Nava
Research Lab in Washington, DC) and high-tech indudtries (including Oracle).

5. Four sudents have entered graduates schools.

6. Three students got full scholarships for graduate studies (2 for Ph.D. degree and 1 for
M.S. degree).

We got a 3-year $0.3 million DOE RAM grant on September 15, 2002 to support faculty and
undergraduate research in computationa science.  The undergraduates that will be trained in the
DOE supported project will proceed to Oak Ridge Nationa Lab during the summer months.
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5. Conclusions

We have successfully developed and implemented a modd based on curriculum, teaching and
research for increesng the number of undergraduates who acquire skills in computationd
sience.  The mgor components include an exploratory course tha introduces freshmen to
computational science, interdisciplinary  seminars and  research  activities, students internship
preparation program, students mentoring and internship placement, and evauation and progress
monitoring. Magor success include an increase in the number of undergraduates who coauthored
sentific  publications in  computational sciences, an increese in the number of Sudents
quaifying and paticipaing in summer research/internship at nationd laboratories and high-tech
indudries, an increase in number of students proceeding to pursue computational science related
graduate degrees, and increased funding of research proposas. In the future, we plan to expand
our activities to incude a full-fledged summer inditute for computationa science research and
activities.
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