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ABSTRACT

Although the role of cyberinfrastructure in engineering education and research is advancing, the
use of the concept and infrastructure are quite limited in the courses for the allied health
professionals. CIBRED* (CI-TEAM Implemenrtation for Biological Researchers, Educators, and
Developers), an NSF funded project, provides a unique opportunity for these authors to introduce
the concept of cyberinfrastructure to non-engineering educators and students by designing,
developing, and deploying course materials with a interdisciplinary approach. At present, two
courses are being developed for deployment and assessment during Fall of 2009. These
interdisciplinary courses are being developed in a modular format integrating scientific and
technology information from a variety of disciplines. These modules can be incorporated into
existing or newly developed courses. One module is for allied health professionals to learn about
cyberinfrastructure for healthcare management. The other module focuses on human migration,
which introduces engineering education to the undergraduate students from humanities and social
sciences. Project-based learning concepts have been implemented in developing these courses to
teach various relevant disciplines. The focus is to teach students from diverse disciplines some
essential concepts on computer technology in the context of applying cyberinfrastructure. These
courses developed for K13 & K14 levels will be offered in an innovative classroom setting for
hands-on experimental learning with a focus on solving scientific problems as a team. These
courses will also be deployed for online learning in a virtual classroom. The effectiveness of such
an approach, introducing concepts from engineering education to the non-engineering students,
will be assessed through formative and summative methods for further development and
dissemination.

*CIBRED is funded by NSF award OCI-0753375 to O. Crasta

INTRODUCTION

Advances in various technologies in biology, medicine and computation have enabled researchers

to generate more experimental data for understanding medical science at the molecular level. This
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trend is now common in most of the scientific fields that can be exploited for data utilization, data
analysis and more useful data mining and visualization of data. Moreover, the advances in
computational technology are changing the way research is conducted in all aspects of science and
have led to the generation of seemingly limitless possibilities of national and international
collaboration and sharing of data for research, education and training. The Office of
Cyberinfrastructure (OCI) was created at the National Science Foundation in June 2005
following the recommendation of a Blue Ribbon Committee chaired by Daniel Atkins of the
University of Michigan to formulate the scientific policies leading to more useful collaboration
using computer technology and coordinating these activities building the infrastructure®® The
vision of the OCI is making it possible to bridge the gap between the research data infrastructure
and the scientific community through federated database systems, collaboratories, and a powerful
portal with high performance computing capability for tracking, analyzing, visualizing and
interpreting the experimental data and results*. Through competitive, merit-reviewed awards for
leading-edge, 1T-based infrastructure, which is increasingly essential to science and engineering
leadership in the 21st century, OCI is developing an infrastructure, termed Cyberinfrastructure (ClI)

to facilitate rapid progress in education and research.

Cyberinfrastructure and teragrid

“Cyberinfrastructure” describes integrated information and communication technologies for
distributed information processing and coordinated knowledge discovery, which promises to
revolutionize the way that science and engineering are done in the 21st century and beyond®. It is
the coordinated aggregate of software, hardware and other technologies, as well as human
expertise, required to support current and future discoveries in science and engineering. Thus, ClI
includes supercomputers, data management systems, high capacity networks, digitally-enabled
observatories and scientific instruments, and an interoperable suite of software and middleware
services and tools for computation, visualization, and collaboration®. The challenge is to integrate
relevant and often disparate resources to provide a useful, usable, and enabling framework for
research and discovery characterized by broad access and “end-to-end” coordination. NSF has
sponsored projects to develop principles for the “design and evaluation of IT-enabled scientific
"collaboratories,” or "centers without walls" in which researchers can perform their research
without regard to physical location, interacting with colleagues, accessing instrumentation, sharing
data and computational resources, and accessing information and data in digital libraries and
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repositories” (details at www.nsf.gov). One such project, TeraGrid, is a national-scale high
performance computing facility to provide large scale resources and services in support of
advancing scientific research and education®®. Presently, TeraGrid (TG) includes 11 Resource
Providers (RPs) and is a leader and major component of the emerging national and international e-
Science (details at www.teragrid.org). TeraGrid is an open scientific discovery infrastructure
combining leadership class resources at partner sites to create an integrated, persistent
computational resource. Using high-performance network connections, the TeraGrid integrates
high-performance computers, data resources and tools, and high-end experimental facilities around
the country. Currently, TeraGrid resources include more than a petaflop of computing capability
and more than 30 petabytes of online and archival data storage, with rapid access and retrieval over
high-performance networks. Researchers can also access more than 100 discipline-specific
databases in TeraGrid. With this combination of resources, TeraGrid is the world's largest, most
comprehensive distributed cyberinfrastructure for open scientific research. Thus, CI supported by
Teragrid is becoming the foundation of 21% Century’s discovery through innovative scientific

research.

Over the years, the role of CI has evolved. Initially, CI was defined by its role — a research
environment to support advanced data acquisition, data storage, data management, data integration,
data mining, data visualization and other computing and information processing services over the
Internet. Soon the definition incorporated the advances enabled by CI and CI became the
technological solution to the problem of efficiently connecting data, computers, and people with
the goal of enabling derivation of novel scientific theories and knowledge. In its current stage, Cl
is taking its place in the advancement of education as a platform for delivery of learning content
and continues to advance into a platform to expedite the transition from research data to
pedagogical practice’. The latest role of Cl advances in the face of the realization that a new

workforce needs to be trained in the Cl environments in which it will function.

Earlier, an awareness program on Cl was launched under NSF funded ‘inFormation Year

06-07" by the HASTAC organization (www.hastac.org). Among the events organized by nine

participating institutions, ‘InCommunity’ was organized by the NU Community Research Institute
(NUCRI) of the National University to promote the concept of CI to the community (archives can

be viewed at http://nucri.nu.edu/incommunity). Nevertheless, integration of the engineering
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concept of CI is very limited, especially to the non-engineering students due to the lack of

appropriate course curriculum for schools and colleges.

Skilled workforce needed to sustain Cl/Teragrid Program

Central to this CI environment is the most important element, the skilled workforce that is required
to maintain and sustain this program (Figure 1). Two components toward the development of the
new workforce are needed: educators with an understanding of the demands of CI and materials
for training the students. In answer to some of these needs, OCI has now established a rich source
of educational and research materials through TeraGrid to meet the 21st Century's demand for
scientific talent (Materials are freely available through Cl/TeraGrid — www.teragrid.org).
Additionally, OCI put forth the CI-TEAM (Cyberinfrastructure, Training, Education,
Advancement, and Mentoring for Our 21st Century Workforce) program to aid education
initiatives directed toward this new workforce. Training of a 21 Century workforce demands

students have a firm grounding in interdisciplinarity, especially in the sciences.

Today’s young generation born in the technological landscape of the digital age is already
familiar with participatory media® and the practice of integrating knowledge with the aid of digital
tools, such as, iPhone or Google phone, and even interacting with unseen peers in the digital
metaverse space, such as, in Second Life (http://secondlife.com/). The goal now is to harness and
develop these skills. However, the problem is to find instructors who can meet the challenge of
training these students and serve as a bridge between these techno-savvy students and the scientific
discoveries happening in the CI supported techno-sphere. Many educators today are not familiar

9,10

with the requirements of the 21% Century digital age where information literacy®* and multimedia

savvy are required skills.

The role of CI in education and training and CIBRED

The National Research Council and the US Department of Education conducted a study to
evaluate teaching and learning and the use of technology. This study recognized that the proper use
of computer technology helps the learning process. Computational technologies have proven to
have profound impacts on the practice of science and engineering®. TeraGrid has developed many
resources of research and educational materials exploiting the computational technologies
(TeraGid07 & TeraGrid08). ClI’s and its role in adhering systems, tools, and services emerging
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Figure 1. Relationships between the knowledge worker at the center of the ClI with high-performance
computers and Teragrid, middleware, VO (virtual organizations), data management and knowledge
discovery, and visualization services. The objective of CIBRED is to educate and bring awareness of Cl
(Courtesy of S. Wang'?; courtesy of Stan Watowich™).

from computational technologies, enables individuals, groups, and organizations to advance
research and education in ways that revolutionizes the practice of participation. Once again, a new
workforce empowered with the knowledge and skills to design, deploy, adapt and apply CI, are
needed to sustain this revolution across all areas of science and engineering. The OCI CI-TEAM
program supports educational training projects that position the national science and engineering
community to engage in integrated research and education activities promoting, leveraging and
utilizing  cyberinfrastructure ~ systems, tools and  services (more info at,

http://www.nsf.gov/crssprgm/ci-team/).

One such program, CIBRED (CI-TEAM Implementation for Biological Researchers,
Educators, and Developers), brings together faculty, researchers, educators, and academic
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administrators from multiple institutions to design, develop and deploy course materials in a
collaborative way with the objective of preparing future scientists, engineers, and educators to
adopt and deploy, cyber-based tools and environments for research and learning, both formal and
informal (for more detail, see: cibred.vbi.vt.edu). The activities involve a diverse group of people
and organizations, with particular emphasis on the inclusion of traditionally underrepresented
individuals, institutions, and communities as both creators and users of cyberinfrastructure. Like
all CI-TEAM funded projects, CIBRED seeks to broaden and diversify the population of
individuals and institutions leveraging existing or current development efforts in
cyberinfrastructure technologies, open software standards and open educational resources. The
vision of this program is to realize the potential of cyberinfrastructure and high performance
computing to empower a larger and more diverse set of individuals and institutions to participate in
science and engineering education, research and innovation. The mission is to develop and
evaluate an extensible, scalable, and comprehensive learning program for the students at academic
institutions to effectively utilize Cl and TeraGrid resources and services, to advance scientific

discovery in all fields.

Six fundamental tenets underlie the CIBRED project:

1. New scientific discovery will increasingly require transdisciplinary research within a
cyberinfrastructure (Cl) environment.

2. Scientists require increased knowledge and proficiency in team science to conduct
transdisciplinary research within a Cl environment.

3. There is a decrease in the number of students entering the STEM disciplines.

4. Curricula for existing students require new courses that are built on the principles of team
science and methodology for conducting transdisciplinary research within a ClI
environment.

5. Learning environments must increasingly engage students in STEM disciplines, build
awareness of team science and transdisciplinary research within a Cl environment, and
inspire students to further investigate or pursue a career in these areas.

6. To prepare future scientists, existing researchers and developers must be linked to

educators and learners to create data-rich learning environments.
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CIBRED, will help bridge this gap by training the trainers through workshops. Although TeraGrid
and SC Community (http://sc08.supercomputing.org/) periodically conduct courses through
workshops to train people for Cl/TeraGrid, CIBRED workshops will specifically serve the school
teachers and college instructors to enable teaching Cl embedded courses in the classroom.

CIBRED for interdisciplinary courses

This project was not proposed to design courses for a specific scientific discipline, but rather to
utilize the information from multiple disciplines while developing some courses for CIBRED.
Participating institutes are: Virginia Tech University (VT), National University, Howard
University, Hampton University, Denbigh High School, Pheobus High School, Blacksburg High
School, Auburn High School, and Galileo Magnet High School. The project established the
objectives and goals for team collaborations via a kick-off meeting on April 10, 2008 (The agenda
and the copy of all presentations of this meeting can be found at:
http://staff.vbi.vt.edu/bsharp/CIBRED_Workshop/Minutes.htm). A variety of CIBRED-course
materials for both high school (K8 -K10) and college levels (K13 — K14) are under development
by the participating institutions. These course materials are being developed in a modular way, the
concept of Cl as the common module, for disseminating institutions to choose from according to
their standards of learning. The courses are developed by integrating scientific and technology
information from a variety of interdisciplinary fields ranging from basic concept of Cl, Molecular
Biology, Bioinformatics, Genomics and Proteomics to Health Informatics into modules. These
modules can be incorporated into existing or newly developed courses. To accommodate specific
needs of various institutions and to facilitate adaptation by additional institutions in the future, we

have standardized the framework in the following areas™*:

a. Introduction to ClI

b. Inclusion of current research (context, data, and tools)

C. Role-based involvement of the students for transdisciplinary learning; and
d. Forward-looking conclusion of the project with review of the CI systems.

Project based learning concepts'>® have been implemented in developing these courses to teach
various relevant disciplines. The focus is to teach students from diverse disciplines essential
concepts on computer technology in the context of applying Cl. The type and number of role-

based modules to be incorporated into a Cl course will be solely at the discretion of the deploying
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institution. Each course will finish with a CI reflection component that reiterates the basic Cl
components learned, relates them to the role-based modules, and addresses the potential

applications of both the specific scientific domains utilized and CI.

ClI for allied health professionals

Concerns for the seemingly exponential rate of increase in US healthcare costs have had an impact
on the national economy. This concern was reflected in President Obama’s first State of the Union
Address on February 24, 2009. A component of these rising costs has been identified as the lack of
coordination of patient medical records due to the continued and widespread use of paper records.
The use of paper records inhibits the ability to coordinate care, measure quality, and reduce
medical errors. Processing paper claims also costs twice as much as processing electronic claims.
The Obama administration has adeptly targeted a strategy to increase the use of healthcare
informatics as a means to update the healthcare system and simultaneously reduce costs associated
with uncoordinated patient information. A thorough analysis of the present state of healthcare has
revealed that the lack of standards for sharing health related information contributes to increased
health care costs through a redundancy of services™. Developing the state of health informatics has
the potential to eliminate many of these concerns and increase the efficiency of the system. The
present US administration’s plan is to invest approximately $50 billion over the next five years to
move towards the adoption of standards-based electronic health information systems, including
electronic health records in the nation’s health system. In February 2009, President Obama
provided $19.2 billion for health IT in the American Recovery and Reinvestment Act. This
legislature is expected to create a demand for skilled healthcare professionals with knowledge of
Cl. With this in mind, a CIBRED course, ‘Cyberinfrastructure in Healthcare Management’ has

been created for the students at undergraduate level (K13-14).

Medical informatics is a transdisciplinary science that requires domain knowledge of
various disciplines, such as, medical science (anatomy, physiology, etc.), molecular biology and
bioinformatics, computer technology, among other fields. In the field of modern molecular
medicine, advanced computational technologies will certainly play an important role in managing
and analyzing massive quantities of medical data once knowledgeable workers are available to
serve this growing field. In the treatment of cancer, for example, it is already accepted that it is

more beneficial if a patient is treated on the basis of his/her personal health profile by using
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information obtained from various data including data from microarray analysis, toxicogenomic
analysis, pharmacogenomic analysis®®?!. Such analysis supported by CI will enable a medical
specialist to treat a cancer patient in future by prescribing right medicine at the right dose(s) based
on the individual’s profile. Over time, it has been realized that individuals respond differently to
drugs and sometimes the effects are unpredictable. Safer treatment will utilize the knowledge
synthesized from the intersection of genomics and medicine supported by CI, which has the
potential to yield a new set of molecular diagnostic tools that can be used to individualize and

optimize drug therapy?.

As discussed during BIO2008, it is becoming clear that a new understanding of the
dynamic interplay between genes and environment, made possible by technologies arising from the
Human Genome Project, helps support the individualization of medicine®*?*. Currently, available
software tools and focus on data analysis do not provide a platform for the management of patient
information®®. A shift in technology fueled by computational thinking® is needed to speed the
coupling cyberinfrastructure and medical informatics rapidly and economically??’. Computational
modeling and simulation based on cyberinfrastructure-enhanced medical informatics allows

researchers to tackle large and complex medical problems?.

Although the author (AKD) has gained knowledge in both the molecular biology and
computer science by educational training and working several years in medical institutes, it is
virtually impossible for any one educator/domain expert to develop a course focusing on
transdisciplinary concepts and problem solving needed to train the health-informaticians and others
needed to serve the 21% Century workforce. A collaborative framework has been designed
involving domain experts from the Virginia Bioinformatics Institute at Virginia Tech and the
National University in an attempt to develop such a course. Modules will be used so that subjects
can be flexible enough for adapting the course. The current modules focus on helping students to
develop and understanding of the importance of cyberinfrastructure framework to address critical
issues at the societal level, thus introducing the transdisciplinary nature of the project. The course
has four main modules: 1) Introduction to CI, 2) Molecular Biology and Bioinformatics, 3) Health
Informatics, 4) Vaccine Development and Drug Discovery. The second module is being developed
with the help of domain experts available from the Virginia Bioinformatics Institute at Virginia
Tech. One author (AKD) is developing the third module ‘health informatics’. The Health
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Informatics module stems from a course developed and taught for undergraduate allied health
professional students at the School of Health and Human Services at the National University. The
feedback obtained from the students has become useful in developing this current module. The
other two modules are being developed by these authors with the feedback from TeraGrid
Resource Providers, feedback from the Campus Champion Program®?°*° University of California-

San Diego, and The Scripps Research Institute.

One case study used in the project is dengue management. Nevertheless, for the project, an
instructor can consider any other disease management using this case study as a model. Dengue,
transmitted to humans by the domestic, daytime-biting mosquito, Aedes aegypti (Figure 2), is
caused by four closely related virus serotypes of the genus Flavivirus, a member of the family
Flaviviridae. Each serotype is sufficiently different that there is no cross-protection and epidemics

caused by multiple serotypes (hyperendemicity) can occur. According to WHO, 50 million cases

Figure 2. This infected female mosquito, Aedes aegypti (and
rarely Aedes albopictus) transmits dengue virus to humans through
the bites. Mosquitoes generally acquire the virus while feeding on
the blood of an infected person. After an incubation period of eight
to 10 days, an infected mosquito is capable, of transmitting the virus
during probing and feeding for the rest of its life*. Public awareness
to control this daytime-biting domestic mosquito needs to improve
through education and community outreach.

are reported annually across the globe (Figure 3). Often the victims suffer from more serious
symptom, Dengue Hemorrhagic Fever (DHF/DSS), which may turn fatal. In 2002 alone, 91 deaths
occurred in Brazil. This disease previously unknown in US is becoming a concern of the Center for
Disease Control (CDC). National Institute of Allergy and Infectious Diseases (NIAID) experts
now see dengue as potential threat to U.S. health®. Unfortunately, there is no drug or vaccine, at
present, to cure dengue. Public health education to control the mosquito or the disease is not good
enough even in the countries where it is prevalent. Outbreak of this disease is also common.
Moreover, global warming apparently is changing the pattern of infection: more people residing at
higher altitude in countries like Costa Rica are becoming infected, causing a grave concern. There
are various elements to learn by studying this disease, and thus, may be used as a case study for CI

— supported disease management.
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Figure 3. Global distribution of dengue infection. The vector mosquitoes are prevalent in tropical and sub-
tropical areas. However, these are now causing concern not only in Central and South Americas but also in
North Americas. Apparently climate change has a profound effect on these vectors. People residing in
higher altitude in Costa Rica, as for example, are becoming infected.

Method of teaching/learning - Project-centric hands-on experimental learning

Learning is a complex phenomenon that depends on various factors including the student’s state of
mind**. The same topic delivered by the instructor in the classroom is ‘learnt’ differently by
different students. There are various techniques to improve the teaching techniques for facilitating
learning®. Among the teaching techniques we tested, we realized that agile techniques supports

learning techniques better*. In general, many strategies can be employed, including problem-

36,37 38,39

15-18 , work-based learning™,

, technology-based learning®, game-based learning

inquiry-based learning*®*!, project-based learning***?

45,46

based learning
, team-based learning®, web-based
learning and participatory learning®. Our approach for teaching this course centered on
project-centric learning™ with support of agile teaching technique®. The course has been designed
with background information (cyberinfrastructure) introduced at the beginning and summarized at
the end. However, how to balance the load (in terms of both time and knowledge) among students

from multiple disciplines remains a challenge.

A disease management includes a variety of disciplines including Clinical study, Public
health education and training, Epidemiology, Environmental issues, local and national resources
supported by Geospatial Information Systems (GIS) in case of an outbreak/epidemic, Electronic
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Health Record and other Health Informatics —tools and Services, Disease outbreak predictive tools,
Decision Support Systems, Drug Discovery Research, Vaccine development - to name a few.
Moreover, a student needs to know various public policies including HIPAA compliance (see:
http://www.hhs.gov/ocr/privacy/index.html) and FERPA (see:

http://www.ed.gov/policy/gen/quid/fpco/ferpa/index.html) for school-aged children. Patient’s data

sharing even among the healthcare service providers are restricted by these compliances. The law
also dictates how the permission should be obtained from parents while sharing the health related

data on minors.

In a typical classroom setting, an instructor will initially provide all the relevant
information on this disease management supported by this course through lecture and
demonstration. In this phase, the CIBRED course instructors will provide background information
necessary for the students to understand the scenario for the project and to develop strategies for
investigations including identification of the virus, accessing the TeraGrid and National network of
bioinformatics resources, and suggesting control of preventive measures in case of an outbreak and
the role of Geospatial Information Systems (GIS) in coordinating the resources. In the second
phase, following the agile problem driven teaching techniques®, an instructor will survey the
students’ aptitude & interest and will facilitate forming a group/team working on a given project,
such as, dengue case management. The students will then work through the scenarios assuming
different roles in the team. Each team may utilize different tools and address the problem from a
different perspective. Some students can assume a role as clinicians, as for example, to ‘diagnose’
the disease by conducting a series of pathological tests including blood tests and checking the
physical symptoms. In doing so, the students need to learn what the symptoms are for dengue and
what sort of laboratory tests are required to diagnose such a case. This dengue management project
will specifically require students to use various computational and web based tools to discover the
identity of the virus, given some preliminary biological data under the supervision of the instructor
and in consultation with the researchers and sequences to test a hypothesis regarding the origin of
the sample sequence (Figure 4). Students will practice what they would learn by becoming familiar
with large, CIBRED team. They should also need to learn about the DNA sequencing that
generates a code for a portion of a pathogenic genome derived from a biological or environmental

sample. The project will require learning about how gene sequences are stored and how to access
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these comprehensive repositories such as the NCBI database Gen-Bank, and focused

bioinformatics resources, such as, Patho-Systems Resource Integration Center (PATRIC),

11113 uno]jgists

Knowledge Tools

Figure 4. The key to solve a scientific problem is to gather vital information from a variety of disciplines,
synthesize those to acquire knowledge. These information are gathered through experiments, literature
search, enquiry and communication.

Pathogen Information (Pathinfo), and Molecular Interactions Network (MINet) documents that are
maintained at Virginia Bioinformatics Institute (VBI), TeraGrid, Biological Workbench
http://workbench.sdsc.edu/) or elsewhere on the Internet. Techniques for comparing and
manipulating sequences will be addressed to insure students could use similarity to a known
genetic sequence to predict possible function for a sequence of interest. In the process, putative
genes needed to have their sequences translated to protein sequences for functional features to be
identified. Predictions of structural featutures of the protein, such as secondary structure, signal
sequence and transmembrane segments, will provide them the first clues as to what types of
proteins are present. They will learn the basic information on proteins, how a protein is synthesized
in a living cell and folded into a 3D-structure, what factors primarily are responsible for folding
into that structure, how a protein can be selected as a drug target. Protease is regarded as a

potential drug target for dengue*®*°

, and the references therein). Some students can use molecular
modeling techniques for this protein®, during the investigation. Target selection can, however, be

made after several proteins are investigated using multiple data resources, including expression
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data where available. Experimental laboratory analysis could provide students with new
information about the target that may be analyzed to generate possible leads in the search for drug
candidates. In the process, students will also learn about small molecule drug discovery supported
by World Community Grid (http://www.worldcommunitygrid.org/) of IBM and how that is being

used by a scientist, Stan Watowitch, at The University of Texas Medical Branch (Galveston, TX)
for small molecule potential drug candidates against dengue virus® (also, see the story at
http://www.tacc.utexas.edu/research/users/features/worldgrid.php). Searching his publications in
PubMed followed by reviewing the information, and may even interacting with his team at UTMB,
the students will learn how computational screening is done for identifying small molecules as
potential drug candidates and later conducting cell biology experiments to verify their
computational screening results. They will also learn how a small molecule candidate drug can be
‘discovered’ through structure-based drug design technique when a 3D- structure of the protein
molecule is known following the experiments using X-ray crystallography or NMR technique.
Some students can assume a role as researchers for vaccine development. They will learn what is
vaccine, what is immunity, what is antibody and how do they take part in conferring immunity
against a disease, such as, dengue.
They will also learn how the
environment plays an important role
in host-pathogen interaction (Figure 5).
In the process, they will need to know
the genus (Flavivirus) and family

FUNCTIONAL
GENOMICS

(Flaviviridae) of a dengue virus. They PROTEOMICS

will also learn how a single family can MEISBDEOMICS

PRODUCTS & RESULTS

be responsible for causing multiple

Figure 5. Environmental factors play important roles in
the host-pathogen interaction®’.

major diseases including hepatitis C, dengue, Yellow fever, and West Nile fever. They will learn
that these viruses are positive strand RNA viruses and their mode of pathogenecity is similar (see:

http://www.bioinformatics.org/dengueDTDB/Pages/main.htm). It will be necessary to characterize
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the family and use the sequences to generate a multiple sequence alignment to profile the family
for subsequent investigation. They will also learn how a ‘protein motif’ can be selected using
computational technique and bioinformatics tools before selecting the right monoclonal
antibody(ies) for clinical trial. Such a study is being done in the laboratory of Eva Harris at UC-

Berkeley®>®,

Her collaboration with researchers in Managua (Nicaragua) has established
informatics system to identify and monitor dengue infected cases®. Most of these information and
experimental results are available in PubMed. In addition, this approach will provide the students
unique opportunity for hands-on experimental learning with a focus on solving scientific problems
as a team. At the end, it is expected that the members of each sub-team will generate a report on
their analyses and present those to the other team members. These reports should contain enough
information and need to be presented in a clear fashion for other members to understand the
information and for the entire group to agree upon a conclusion. Such exercise will also teach them
working in a team through social networking & associated tools, because it will be necessary for
these students to cooperate with each other to achieve the best results. Finally, the students will
assemble the information, synthesized interpretations and conclusions, and may communicate the
results to the live and online community. Earlier, during the CIBRED demonstration phase, one of
the participating students described her involvement to the local media, and the interview was
posted for the government bio-defense agencies such as DoD, NIAID, and the scientific experts in

this process.

CI for Humanities and Social Scientists

A module for teaching CI impact on studying ‘Human Migration” will be designed and deployed at
the college level (K13-14). Advances in technology have had an impact not only on biological and
medical sciences, but also on social sciences. Anthropologists have begun to look at the
relationships between human migration and cultural diversity with a different lens. Influenced by
discoveries in genetics as a result of the Human Genome Project and other scientific milestones,
new data has opened the door to meaningful research and provided insights into the connections
between human evolution, migration, cultural diversity and diversity® (also see,

https://genographic.nationalgeographic.com/genographic/index.html for more information). Old

concepts have been revisited in light of new information such as the role of natural selection and
mutations in genetic variations and the more recent emphasis on the concept of genetic drift.

Projects are underway to create an International databank for DNA samples in an effort to obtain
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larger and more comprehensive data sources. Needless to say, an interdisciplinary and
transdisciplinary academic approach that includes cyberinfrastructure, science and the social

science is a relevant and timely prospect for helping students become scientifically literate.

Students will be introduced to the extensive information on the evolution of mankind.
Research by key theorists and practitioners, especially the most recent works of Luigi Luca,

Sforza-Cavalli and Stephen Wells>*>®

will be explored with the idea of tracing ancestry and
cultural groups and tracking scientific methodologies to the present. They will also have an
opportunity to review the work of Allan Wilson and Rebecca Cann’s research on mitochondrial
diversity and mtDNA sequencing®, which supported the notion of a “single ancestry” prompting
the sentiment “Eve is the connecting link for humankind.” Information from the National Institutes
of Health’s National Human Genome Research Institute offers examples of human migration and

genetics (see: http://www.genome.gov/25019968). Other scientific search data sources will be

included that will focus on understanding cells, genes, DNA, chromosomes (MtDNA and Y -
chromosome) and the impact of the environment on diseases. Assignments will be directed toward
investigating and gathering data from the major sources identified earlier especially the NCBI
Gnome database (the Genome sequence, gMap and Map Viewer and Salmonella SNP), the
analytical tools in BLAST, the modeling of the Virtual Cell by CMC-Nature Gateway (Figure 6).

Based on the scientific inquiry model, groups of students will actively engage in
experiential projects that are designed to trace patterns of migration by learning about DNA
sequencing, DNA hybridization and the Hardy-Weinberg gene frequency and variation theorem.
The objective is to connect the sources to disease patterns within cultural groups. They will
discuss and review diseases such as sickle cell anemia and Tay Sachs disease, cystic fibrosis as
case studies. Students will then engage in problem solving by conducting research based on a case
study on diseases impacting more diverse populations such as multiple sclerosis and cancer.
Teams of students with diverse skill levels and experiences will engage in investigative data search

and analysis.

One of the most important aspects of the course is that expert resources will be available to

confer with students on their projects. Finally, students are encouraged to question and explore.
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They are introduced to such engaging resources as Case It, a National Science Foundation-

sponsored case-based learning project involving molecular biology, computer simulations and

Modeling Process
Hypothesis (Model)

QU A
Experiment \ @ e
7 N

Predictions . R » What are the initial concentrations,
Simulation | giffusion coefficients and locations of
Concentrations of all ey 2| the implicated molecules?
molecular species as a = What are the rate laws and rate
function of time and space constants for all the biochemical
transformations?

Figure 6. The Virtual Cell was designed specifically as a tool for a wide range of scientists. It was
developed at the National Resource for Cell Analysis and Modeling at the University of Connecticut Health
Center (http://www.nrcam.uchc.edu) as a unique computational tool that provides a software environment
for analyzing, modeling, and simulating cellular function that can range from metabolic pathways to
signaling networks to membrane transport and electrophysiology. These models can be based on both
experimental data (biochemistry, molecular biology, imaging, etc.) and purely theoretical assumptions by
using a very general conceptual structure of a model as a collection of arbitrary processes.

Internet conferencing®®. The students also are exposed to the Environmental Genome Project
sponsored by the National Institute of Environmental Health Sciences, which consider how
specific human genetic variations contribute to environmentally-induced disease susceptibility®®2.

NSF supported Cl/Teragrid usage is free for such academic exercise. Teragrid has two
important features. It provides the computation power (supported by training) necessary for
conducting drug discovery and vaccine developmental research. It also provides a vast amount of
scientific information through portals developed for specific type of scientific projects. One can

obtain all these information by visiting www.teragrid.org. For computational biology experiments

(for the definition, see: http://www.bisti.nih.gov/docs/CompuBioDef.pdf), a student can get access
to the computing power of TeraGrid through the instructor serving as PI/Principal Investigator.
NSF has facilitated this process through Campus Champion Program of TeraGrid
(http://www.teragrid.org/eot/campuschamps.html). The Campus Champions program supports

campus representatives as the local source of knowledge about high-performance computing
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opportunities and resources. This knowledge and assistance will empower campus researchers,
educators, and students to advance scientific discovery®*®®. An instructor for teaching CIBRED
developed courses will be encouraged to apply for the teragrid computing resources through
Campus Champion Program. Being a Campus Champion Program of the National University,

AKD will be helping the students for such computing analysis.

Availability of publications in most of the peer-reviewed journals was not free at the
individual level, until recently. The student or the instructor needed to visit public or
University/institute library to get the access to any printed peer-reviewed publications. Online
access was also limited and subscription based. However, recently US Federal Government law
passed in December 2008 has empowered the National Institute of Health (NIH) to execute the
requirement by all of its grantees who publish articles springing from their govt. funded research to
file a copy in PubMed Central (http://www.pubmedcentral.nih.gov), a free open access website run
by the National Library of Medicine, within one year of its initial publication date. This has made

very easy to obtain most of the publications free of charge.

Assessment of the Outcome of CIBRED

The CIBRED assessment for these and other courses will address four research questions
derived from a comprehensive list of possible questions. The criteria for selection of those
questions included a determination of which are most important to meeting project goals, relevant
to the project deliverables and are within the scope of available time and resources. Additional
criteria were derived from NSF 02-057 (The 2002 User-Friendly Handbook for Project
Evaluation). Following those criteria, a document has been generated that identifies the questions

and links them to generalized project goals.

An assessment of course readiness will be conducted based on:
1. Accessibility of the network to the collaborators, other institutions and participating
student populations
2. Outreach efforts
a. What other institutions have expressed an interest

b. What type of reaction have other institutions had
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C. CIBRED Web site usage statistics: To disseminate the CIBRED course
model, CI courses, and related materials to other participating high schools
and colleges via a web-based CIBRED network.

3. The comparative results between the two groups of students completing the courses

a. Perceptions and experiences of the course developers, course
instructors/educators and participating students

b. Comparison of students interests in and perceptions of STEM disciples before
and after completing the courses

c. Comparison of students knowledge of team science, transdisciplinary research
and CI before and after taking the course

d. Comparison of student’s ability to participate in team science, transdisciplinary
research and Cl activities before and after the course taken.

Importance or relevance to other institutions:

The CIBRED courses will be offered to two groups of students at each institution. The first group
will complete the courses in the Spring, 2009, and the second group in the Fall, 2009. A
comparison of results will be conducted to determine course readiness for deployment beyond the
participating institutions. Those results will be obtained by surveying the participants before and
after taking the course, interviews and feedback from all other stakeholders. The CIBRED Course
Model may prove to be an effective and sustainable means for developing CIBRED courses
through such collaborative efforts. Later, these courses will be made available for use in other

academic institutions evaluating the method of deployment on a case-by-case basis.
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