Pathways Homework

Identify top 3 best practices/resources/programs you feel can significantly contribute to workshops for faculty and students on computational science, scientific computing and grid computing education.  Please include:

Top 3 best practices for high school science teachers:

1. Start with free, pre-built simulations that are easy to use and install.

2. Stick with tools that will run easily on network-based PCs and Macs that are subject to district-wide security regulations. 

3. Select tools that have a quick learning curve.

Examples include: 

1. Excel – it’s not free, but it’s commonly available in school systems.

2. NetLogo – it’s free, there’s a robust library of pre-built models, and the code is accessible for those who want to build their own models.

3. Java applets – Java plug-ins are free 

4. Chime plug-ins – a free molecular visualization tool (www.mdl.com/products/framework/chime/)

5. Web-based simulations

My favorite links for:

Excel in Math and Chemistry-
http://academic.pgcc.edu/~ssinex/excelets/
NetLogo - 
http://ccl.northwestern.edu/netlogo
Java applets in Physics – 

www.colorado.edu/physics/phet/web-pages/index.html
http://lectureonline.cl.msu.edu/~mmp/applist/applets.htm
www.swgc.mun.ca/physics/physlets.html
www.hazelwood.k12.mo.us/~grichert/sciweb/applets.html (follow Mechanics to get to Projectile Motion)

http://webphysics.davidson.edu/Applets/Applets.html
Java applets in Chemistry - www.chemcollective.org/applets/
Chime in Chemistry - 
http://academic.pgcc.edu/~ssinex/MVCW/



http://academic.pgcc.edu/~ssinex/MolVis/



http://academic.pgcc.edu/~ssinex/PUT/



www.uwsp.edu/chemistry/pdbs/
Web-based Simulations – 
http://mvhs.mbhs.edu/~brgo/
Biology, Chemistry

http://mvhs.mbhs.edu/riverweb/
Earth/Space, Physics

http://tangent.krellinst.org/scied/
Environmental

Usefulness of resources – They allow for students to test their hypotheses quickly and easily. They give the students needed practice in the interpretation of data and graphs.

Impact on student learning – An analysis of student work shows that students show gains in graph interpretation and critical thinking skills. A control/treatment research study is taking place in the 2006-07 school year to see if gains made in student learning with computational simulations exceed gains made with other teaching strategies.

The Keck consortium has developed a large depository of complete and comprehensive educational materials.  All materials are web-based and located at:   

         http://oldsite.capital.edu/acad/as/csac/Keck/index.html 

A plethora of scientific fields (included econ. and finance) will be benefited from the developed materials. All educational materials (developed by a collection of faculty from a diverse collection of institutions) have been class-tested in at least one institution.   The site also links to the educational materials developed by a collection of Capital University faculty that are being used (the last 5 years) for the teaching and learning of undergraduate computational science. 

Another source of educational materials for an introductory course in Computational Science is the newly published book by Dr. A. Shifflett (Wofford College)

 http://www.wofford-ecs.org/IntroComputationalScience/index.htm 

Primarily it covers topics for an intro course with emphasis on Biological Applications

A third source of materials, have been developed by the OSC staff and located at:

    http://www.osc.edu/hpc/training/
The mail emphasis is on Parallel Programming, Programming Environments and Performance tuning. Also the site contains training materials for Visualization, Computational Chemistry, Bioinformatics and Programming Languages.

I have used a number of the materials to teach undergraduates topics in Parallel  Computing

1) Post-workshop follow-up, in a variety of ways.  At the simple end a periodic check-in via email from one of the instructors.  At the more involved end on-going virtual rounds for particular projects ala Henry Neeman's program at OSCER.  These would be staffed by the instructors, enabled by the AccessGrid, and supported by the SC education program.

2) Listserv per workshop flavor (parallel and distributed computing, computational chemistry, etc.).  All the instructors and anyone who taught/took a workshop would be automagically enrolled and could opt-out at their discretion.

3) BOF sessions per workshop flavor at all HPC and computational science related conferences.  In some cases it may be a general "SC Education Workshop" BOF, for larger venues one per workshop flavor may be supportable.

-       the fields of science that will benefit

All.

-       why the resources are so useful

My experience is that building a community, ala e.g. the Beowulf list, is the first and most important step towards adoption of any technology.

-       examples of the impact of the resources on learning

Testimonial letters are available on request ;)

-       pros/cons of the resources

Pro: Builds community.  Con: Cost of teleconferencing and labor to support the consultants for the rounds.

JEF is a newcomer to the field and not intimately familiar with the program/details of the organizations in the HPC community. This submission will deal with the JEF program, HPC and their impact on pre-college and undergraduates who ordinarily would not be exposed to computational science, scientific computing and grid computing 

Education.

Joint Educational Facilities, Inc. (JEF) is a community-based not for profit organization which teaches advanced computing, contemporary mathematics, research skills, and oral and written communication skills to junior and senior high school students. JEF takes these students to local, national, and international meetings, conferences, symposia, etc. to present the results of their research. Their papers are published in the proceedings of those conferences.

-        the fields of science that will benefit


Computer Science, Mathematics, Physics

-        why the resources are so useful

The resources are useful because they help JEF provide an environment where pre-college students and undergraduate students who may not be the “best and brightest” can do research. There have been several instances where undergraduate students working with JEF have been able to attend conferences, workshops, meetings, etc. where students from their respective schools were there but the JEF students were not a part of that group. There were surprise greetings from each group. “What are you doing here? I am with the JEF program”. The JEF students were not in the special programs at their schools. Therefore would not have been able to participate were it not for JEF. JEF has taken the “Left Out” students and given them the opportunity to participate. And JEF has not been disappointed. 

-        examples of who is using the resources

JEF uses the hardware resources of TRECC, NCSA, ACCESS DC, and RENCI. Personnel resources of the MSI Network, RENCI, Bethune Cookman College, and Florida International University are available.

-        examples of the impact of the resources on learning

The Cluster Computing Research Project held at the NCSA ACCESS Center DC and JEF during the summer of 2004 is an example of the impact. The organizations involved in the project were JEF, MSI Network, FIU, Bethune-Cookman College, TRECC, NCSA, and UIUC. The four high school students at the time were three graduating seniors, and a junior. Currently they are three undergraduate rising sophomores and a rising freshman. Among them are two computer science majors, a computer graphics major and a biology major. The schools are Bowie State University, University of Maryland, Baltimore County, Virginia State University, and Tampa School of Art and Design. 

As a result of the knowledge gained the Bowie State sophomore is participating in the University of Hawaii HPC Workshop (PET Program), and is the winner of the national TeraGrid CI-Impact Student Competition. 

JEF is now a member of the HPC community. Social networking at the TeraGrid Conference allowed JEF to interact with the group that builds the “Cluster in a Box” turnkey system. JEF will be receiving one in September 2006.

-        pros/cons of the resources

Students in various community groups associated with JEF can be afforded the opportunity to move from PC platforms to HPC platforms and to become familiar and comfortable with Unix/Linux OS platforms and application software. Those students would be able to move effortlessly back and forth between the two worlds. 

The resources are not readily available to the target population that JEF serves. That group consists of minorities and those majority groups that live in underserved communities. Quite a number of them have cell phones but is quite challenging to do high performance computing on a cell phone, especially when you don’t know that HPC exists

1. Biology Workbench

The Biology Workbench is a web-based tool for biologists. The Workbench allows biologists to search many popular protein and nucleic acid sequence databases. 

http://workbench.sdsc.edu/
(1) Scientists and students whose researches are related to Bioinformatics

(2) Database searching is integrated with access to a wide variety of analysis and modeling tools, all within a point and click interface that eliminates file format compatibility problems.

(3) Numbers of workshops are utilized: Rather old link http://www.edcenter.sdsu.edu/training/biology_workbench/ Additionally, 2006 UC Merced summer undergraduate internship (http://ccb.ucmerced.edu/ ) employed biology workbench as Students Bioinformatics tools.

(4) Some examples (http://ccb.ucmerced.edu/home.php?id=jobs )

(5) Pro: Very easy use and integrated many bioinformatics tools in one place

Con: Large sequence data can cause serious problems in the core. No major updated on the workbench has been done for a while.

(6) People from NCSA or SDSC

2. MCell: A Monte Carlo Simulator of Cellular Microphysiology

MCell is a modeling tool for realistic simulation of cellular signaling in the complex 3-D subcellular microenvironment in and around living cells.

(1) Benefitial to scientists and students who are studying biological signal transductions and pathway

(2) Workshops has been conducted at the Pittsburgh Supercomputer Center - http://www.nrbsc.org/education/workshops/cmms/index.html
(3) MCell uses highly optimized Monte Carlo algorithms to track the stochastic behavior of discrete molecules in space and time as they diffuse and interact with other discrete molecules (e.g. ion channels, enzymes, transporters) heterogeneously distributed within the 3-D geometry of the subcellular environment. Also the parallel version of MCell is available.

(4) Some publications are listed at http://www.mcell.cnl.salk.edu/Publications/ 

(5) Pro: There is an user interface, DReAMM, to design, render and animate MCell models. 

Con: 

(6) Prof. Terrence J. Sejnowski (Salk Institute for Biological Studies)
3. The multi-scale simulation methodology

(1) Benefitial to scientists and students who are modeling biological systems or materials.

(2) In some systems the time and length scales of processes studied differ by orders of magnitude. Numerical simulation of these multi-physics and multi-scale problems requires the development of sophisticated models and methods for their integration, as well as efficient numerical algorithms and advanced computational techniques based on appropriate software/hardware technologies.

(3) Large numbers of scientific communities are interested in multi-scale simulation method.

(4) Large numbers of possible applications – from biology to material sciences. Some examples are listed in http://www.cbms.utah.edu/Research/Multiscale_Modeling%20Main.htm
(5) Pros: people can simulate very interesting systems that regular MD simulation cannot simulate.

Cons: There are sills in the process of maturing multi scaling methods. Need to improve the theory behind these methods.

(6) Prof. Greg Voth from the University of Utah

(A) Please feel free to submit other resources/programs of merit with similar criteria to be posted on project website before the workshop

(1) Computational Chemistry Grid (University of Kenturcky) – Cyberinfrastructure of grid computing of Computational Chemistry:  https://www.gridchem.org/
(2) Computational Science & Engineering Online (University of Utah) – Cyberinfrastructure to provide an extendable, integrated Grid for research, collaboration, and education in computational science and engineering. http://cseo.net/
Many of faculty members are coming to learn the new findings; The conference papers are very informational however, many can easily get lost. A crash course of some type to provide the basic concepts and ideas without many details will give them a good head start; they can follow the conference much better and can use this information for educational purposes too.
The best way for many faculty to learn new material is when they teach them; providing some lecture notes would make it much easier for them to teach these material to the students and in return themselves will become more involved with the field.

Conducting Hands on sessions to learn how they can use grid computing and other resources which requires minimal cost and efforts from their institutions. 

The following are in addition to the ones we know about for sure (e.g., Shodor/NCSI, the Murphy/Gray cluster folks)

(1) Keck Undergraduate CS&E Consortium, Ignatios Vakalis, Capital University, (ivakalis@capital.edu).

5. Using Data in the Classroom:

<http://serc.carleton.edu/usingdata>

This interdisciplinary portal addresses issues around teaching student with data.  In addition to pedagogic info and a searchable collection of online datasets we're also developing a set of 'datasheets': one page descriptions of an online data written explicitly for educators which are based on alot of work in the geoscience world on understanding what educators need in order to make use of research datasets.  We've got a similar format in development for describing online simulations and models.   These formats might serve as a useful vehicles for introducing educators to a variety data-rich resources.

Since we don't directly engage in computational science work here I can't directly address most of these areas in a useful way.  However, I will offer up the following as potentially useful resources developed by our partners that get at some of the underlying pedagogy:

1.  Teaching Quantitative Skills in the Geosciences:

<http://serc.carleton.edu/quantskills/index.html>

This site covers the broader issues of teaching students to work quantitatively that underpin much of computational science as an educational topic.  It includes a complete set of references, a large collection of activites and material addressing a range of pedagogic considerations from problem solving skills to modeling.

2. Teaching Geoscience with Visualizations:

<http://serc.carleton.edu/NAGTWorkshops/visualization/index.html>

This site includes both a set of visualization collections (many of which are the result of computational models) as well as guidelines and a set of references on using visualization effectively.

3. Mathematical and Statistical Model from Starting Point:

<http://serc.carleton.edu/introgeo/mathstatmodels/index.html>

This module introduces the pedagogic concerns related to teaching students with/about models.

All three of these sites have a Geoscience tilt although much of their content really applies across disciplines.  I imagine they might all have roles to play as background for educators getting up to speed on the why and how of teaching their students from a computational perspective.

4. Earth Exploration Toolbook:

<http://serc.carleton.edu/eet/>

This site is a set of activities designed for use in the k-12 classroom (especially middle school) which engage students in working with earth science data.  While the activities aren't primarily computational (they use the results of computational models more often than engaging in significant computation) these activities have been quite successfully adopted by educators and might serve as a good model for the structure and level of detail necessary in constructing activities that engage students at this level in authentic inquiry.

Nanohub (www.nanohub.org) Nanoelectronics Already in Use and large userbase of students for small computations for class problems

      GridChem (www.gridchem.org) Chemistry Users are mainly faculty and researches requiring 10000's of SU or more/year Can be used by class projects

      Bioportal ( www.tgbioportal.org) Bioinformatics and computational molecular biology Research Community in building some advanced Biology Workbench users.

In all cases technologies could be used by other communities and need to be disseminated. Organizational structure could be used by others.

Impact on learning, I guess needs to be evaluated. Some information may be available from NanoHub which has been in existence for some time.

Some of them and tightly coupled to HPC centers and some times less flexible in terms of priority for lower level education settings. 

BioCore, MCC ( Both at UIUC) offering tools and training institutes for Molecular Dynamics and Material Sciences.

Program 1: Amy Apon's graduate program in Grid computing.  A very nice program.

The resources used are self built as well as Shibboleth (Internet-2), which is

a bit outside of the scope of where we ultimately want to focus on.  

Program 2: Self-serving: BCCD, the bootable cluster CD project.  Serving the

field of Computer Science, focusing on educational aspects (which is why it is

useful).  The primary uses of BCCD are international folks and faculty who have

attended NCSI's parallel computing workshops.   The con of the resource is that

it's mainly done by myself, without external funding.

Program 3: Henry Neeman's "Supercomputing in Plain English" series.  These are

a great set of resources for introducing concepts of high performance computing

to the masses.

Program 4: GridChem -- great resource, even for computer science, to show the

power of Grid computing to scientific discovery.  It has a clumsy interface and

a bit of a learning curve to drawing out science, but can really drive home

science driven by the grid.

Barry Wilkinson's work.  He has an extensive grasp on HPC education

from a computational science perspective.

Krell Participation in SC Educational Programming

The Krell Institute and its partners have a long history of promoting and developing computational science materials for educational purposes.

Krell has been a primary organization for two projects:  the Department of Energy funded "Adventures in Supercomputing" program, and an NSF funded study of Computational Literacy in the classroom.

In addition, Krell has participated in many other efforts, including working with partners in the CMST Institute (Computational Math Science Technology) 

----

1.  The fields of science that will benefit.

----

The fields of science that have directly benefited have been:

- Education (Both in terms of science materials, as well as the study of curriculum development.)

- Geology (Krell has popularized for high school level research materials that were developed to model geologic cycles.)

- Biology

-----

2.  Why the resources are so useful.

-----

Krell has direct hands-on experience with implementing computational science materials for classroom use:  both as pre-packaged materials (Computational 

Literacy) and as directives and training for teachers to introduce computational modeling themselves.  (Adventures in Supercomputing)

In addition, Krell has a network of partners that have joined together in proposing projects and working as partners in many other ventures.

-----

3.  Examples of who is using the resources.

------

The Adventures in Supercomputing project was spread amongst schools in Iowa, Tennessee and New Mexico, and the Computational Literacy project will include high schools in Iowa, Tennessee, New York and Maryland.

Krell has also worked with the CMST Institute with high schools in upstate

New York.

-----

4. Examples of the impact of resources on learning.

-----

Krell's projects have focused solely on one area:  teaching effectively.

There are many approaches to developing computational science materials for use in education - but teachers and administrators often ask for one thing: materials that show them how to teach the 'science' behind the module, and tools that help them use the materials effectively.

1. Modules emphasizing verification and validation. Example available on www.cs.clemson.edu/~steve/Papers/ICCSE-Example/P1.pdf from the paper

www.cs.clemson.edu/~steve/Papers/SQS/SQS-Final.pdf.

-       the fields of science that will benefit

All

-       why the resources are so useful

Changes focus to real problems done carefully.

-       examples of who is using the resources

None, right now.

-       examples of the impact of the resources on learning

This should help clear the misconceptions.

-       pros/cons of the resources

New way to approach misconceptions.

-       who could best teach the material at SC or other venues

1. HawkGrid training workshop (Practices / Resources)

· the fields of science that will benefit

i. Multiple (e.g., biology, statistics, geography, physics)

· why the resources are so useful?

i. Teach how to set up a campus Grid

ii. Teach how to use a campus Grid 

iii. Directly accessible to faculty, staff and students at The University of Iowa

· examples of who is using the resources

The following faculty members from The University of Iowa and their staff/students: 

i. Dr. Marc P. Armstrong, Professor, Department of Geography & Program in Applied Mathematical and Computational Science

ii. Dr. Terry Bruan, Assistant Professor and Director, Coordinated Laboratory for Computational Genomics
iii. Dr. Yasar Onel, Professor, Department of Physics and Astronomy

· examples of the impact of the resources on learning

i. The first workshop had 15 graduate students and 2 undergraduate students. They are from multiple disciplines. 9 faculty members attended the workshop. These faculty members were interested in bringing the HawkGrid training materials to their classrooms. 

· pros/cons of the resources

i. cons

1. Limited depth

2. Limited hands-on

ii. pros

1. A wide range of attendees from multiple disciplines 

· who could best teach the material at SC or other venues

i. Dr. Shaowen Wang at The University of Iowa

2. GIScience Gateway tutorial (Practices / Resources)

· the fields of science that will benefit

i. GIScience and related social and behavioral sciences

· why the resources are so useful?

i. Teach how to develop a TeraGrid science gateway using a GIScience Gateway example

· examples of who is using the resources

i. A number of students who are doing research on computational geography and geographic information systems

· examples of the impact of the resources on learning

i. This tutorial was given at the first TeraGrid annual conference

· pros/cons of the resources

i. cons

1. Limited hands-on

ii. pros

1. Focused topic, i.e., TeraGrid science gateway

2. Sufficient depth

· who could best teach the material at SC or other venues

i. Dr. Shaowen Wang at The University of Iowa

3. Parallel Bayesian computing (Practices / Programs)

· the fields of science that will benefit

i. Multiple (e.g., statistics, social and behavior sciences, environmental science) 

· why the resources are so useful?

i. Teach how to parallelize MCMC (Markov chain Monte Carlo) based Bayesian computing on Grids

· examples of who is using the resources

i. Several faculty members and graduate students from the following departments at The University of Iowa

1. Department of Biostatistics

2. Department of Computer Science

3. Department of Geography

4. Department of Statistics and Actuarial Science

· examples of the impact of the resources on learning

i. This practice and program have been brought into several courses (at both undergraduate and graduate levels) at The University of Iowa

· pros/cons of the resources

i. cons

1. A relatively specific topic

ii. pros

1. Tie together parallel computing, Grid computing, and statistical computing

· who could best teach the material at SC or other venues

i. Dr. Jun Yan at The University of Iowa

Bugscope    <http://bugscope.beckman.uiuc.edu/>http://bugscope.beckman.uiuc.edu/

K12 focused tool which involves interaction of students in a geographically distributed community talking with real scientists and remotely controlling instruments using grid middleware.

Biology Student Workbench   <http://bsw-uiuc.net/>http://bsw-uiuc.net/

Great site which was spun off of biology workbench efforts and developed real curriculum materials that integrated computational biology tools into web portal for student discovery.

<http://www.connotea.org/>http://www.connotea.org/

Community based Web site for academic publications that was created by the authors of Nature.  Look at the "tagging" of academic content.

· Computation based on Linda model, for example, IBM TSpace:

Linda model is an implicit parallel computing model. Scientific community is certainly interested in its implementation on distributed systems and grids.

· GridWorld Forum

This is an annual forum comprised of worldwide professionals in grid computing.

· Active Networks, for example, Ants

Active networks is an interesting trend in networking. Porting applications/services to active networks is a definitely interesting topic.

The Concord Consortium is a nonprofit educational research and development organization based in Concord, Massachusetts. We create interactive materials that exploit the power of information technologies. Our primary goal in all our work is digital equity — improving learning opportunities for all students.

Robert Tinker co-directs the Ubiquitous Computing theme team and the School Partners Program. Dr. Tinker has pioneered constructivist approaches to education, particularly novel uses of educational technology in science. At TERC (Technical Education Research Center), he developed the idea of equipping computers with probes for real-time measurements and of using the network for collaborative student data sharing and investigations. Two years ago, he started the Concord Consortium to concentrate on applications of networking in education. He now directs four major research and development projects that use networks for professional development and student learning. He earned his Ph.D. in experimental low-temperature physics from MIT and has taught college physics for 10 years.

bob@concord.org

http://www.concord.org/resources/browse/

