TFAC Executive Summary

Minor changes:
First sentence: student => students

Second sentence: developing animations => developing animations and simulations

Fourth sentence: NDSU students => NDSU student employees

Eighth sentence: who will prepare the VCell => who will further develop the system and prepare the VCell

Eighth sentence: for student use. => for student use and institutional distribution.

The Virtual Cell Team: Organization and Development Process

The Virtual Cell (VCell) is an educational environment developed by the North Dakota State University (NDSU) World Wide Web Instructional Committee (WWWIC), a multi-disciplinary group of faculty engaged in research on virtual/visual worlds for science education (Slator et al., 1999; McClean et al., 1999; White et al., 1999).  Other WWWIC educational projects include The Geology Explorer (Schwert et al., 1999) as well as others.   The pedagogical goals of these worlds are to communicate both the scientific method and discipline-specific content.  All WWWIC educational worlds are role-based, goal-oriented, learner-oriented, immersive, and exploratory.  Each is hosted on the Internet and has the capability for multi-user interactions.  These worlds employ consistent elements across disciplines and, as a consequence, foster the sharing of development plans and tools.  VCell development has been supported by  the National Science Foundation and the Department of Education. More information about WWWIC is available at http://wwwic.ndsu.edu.

All WWWIC project are organized in the same manner.  A group of faculty members provides the overall vision and manages the activities of student artists and programmers.  The three VCell faculty are Dr. Phil McClean (Plant Sciences), Dr. Alan White (Biological Sciences), and Dr. Brian Slator (Computer Sciences).  The VCell development process is well established.  Under faculty direction, artists develop animations that detail a critical cellular process.  Computer programmers then use these animations as they design and implement an educational module.  The educational module is a role-based experience where the student solves a cell biology problem while learning important content materials.  Once complete, the educational module is incorporated into the working version.

Critical to the success of the VCell development are NDSU students who collaboratively develop all VCell modules.  Over five years, 15 different students have worked on the project.  Currently, nine students are involved.  The project is quite rewarding for the students personally and professionally because they all develop a high level of competency in some area of software design and learn first hand the many aspects of software engineering and educational content development.  Career-wise, this is important since they will be highly trained in an area such as artistic design and rendering, java programming, server-side simulation, TCP/IP management and implementation, WWW design and programming, or database design and management.  These skills are all in high demand and serve the student well as they transition from NDSU into the workplace.

The Virtual Cell: Principles and Implementation

Fostering student understanding of the concepts related to the structure and function of a cell is an essential feature of the pedagogy of modern biology.  Learning the physical components of the cell, how these components interact, and how these interactions are regulated has largely replaced the traditional organismal approach to teaching biology.  This is true whether the learner is a university, high school, or junior high school student.  The cell, though, is a complex environment where time and space are critical factors determining when and where cellular events occur.  It is very difficult to visualize this complexity in the two-dimensional space of the printed page, chalkboard, or web page.   Our goal has been to create an interactive, multi-user, 3D environment, the Virtual Cell, in which learners are actively engaged with the content and methodology of cell biology in a manner that supports established science standards and benchmarks (White et al. 1999).

The Virtual Cell consists of a 3D laboratory and a 3D cell.  In the laboratory, the learner is assigned a motivating goal and then travels into the cell where experimental science meets virtual reality.   To complete their goals, students must perform experiments and learn the basic physical and chemical features of the cell and its components.  As students progress through a module and achieve their assigned goals, they revisit the laboratory and subsequently receive new assignments.  Because much of biology (and science) is based on the scientific method, experimentation, and empirical observation, it is important that students appreciate the connection between “known facts” and the experimentation that led to that knowledge.  Therefore, in the Virtual Cell, students succeed by using observation and the interpretation of the results of their own experiments to construct their own understanding of cellular structures and processes (Duffy & Jonassen, 1992).

VCell uses a number of technologies including Java, Java Script, LambdaMOO, and VRML (virtual reality modeling language) representations of biological objects.  Currently, we have a highly functional Java-based interface.  One area of the interface is an “Experiment Panel” where the student selects the proper parameters necessary to complete the assigned problem.  A second interface area is a “Lab Book” panel where all communications from the game are listed and students can record their own notes.  For example, all experimental results are written to this section of the interface, and students can revisit this area to reconsider important results as they prepare solutions to the problems posed to them.  The third area is the interactive, three-dimensional, VRML representation of a biological cell or a cellular process.  All of the experimental conditions set in the Experiment Panel are executed here.

To date we have developed three functional educational modules.  The first is an organelle identification module in which the student must perform experiments that can be used to definitively identify an organelle.  The second module supports student learning of the complex electron transport system that results in the production of ATP, the key energy molecule in all biological organisms.  Just completed is a module that teaches the process of photosynthesis (these last two require further exhaustive testing and finalizing as a result of these tests, see below).  Nearing completion is the Lac Operon module that will teach molecular regulation of gene expression.  We also have completed animations of DNA transcription, protein import into the mitochondria, and Golgi apparatus transport of processed proteins.  All three of these will be converted into educational modules in the next year or two, using the development cycle described above.

The Virtual Cell: Classroom Testing

The Virtual Cell has primarily been developed for introductory level biology courses, but has potential application in more advanced courses, and content relevant to pre-nursing and other medical preparation programs.  To demonstrate the effectiveness of the learning environment, the VCell was tested at several institutions:  the North Dakota State College of Science (a 2-year institution), Concordia College (a private 4-year liberal arts college), Minnesota State University Moorhead (a comprehensive 4-year public university), and NDSU (a Carnegie research intensive institution).  At NDSU, we worked with a number of teachers who have taught General Biology (BIOL 150).  This course typically enrolls between 900 and 1000 students during any one academic year.


Student learning was evaluated in collaboration with our local partner institutions using scenario-based assessment to determine if the students could solve problems in the manner of a cell biologist.  In McClean et al. (2001) we describe how these  experiments include control groups that performed no additional activities, while the WWW group completed a web-based activity consisting of content similar to that found in the VCell modules.  In a large experiment (n=332), those students using the VCell scored significantly higher (p < 0.05) on scenario evaluations than the other two groups.  The fact that a similar result was observed with the Geology Explorer, another WWWIC virtual world, demonstrates the educational value of our software.  The evaluation was subsequently modified to consider standards-based content knowledge, and the VCell students also scored significantly higher on those tests.  Our extensive testing has conclusively demonstrated that the VCell experience not only provides students with necessary course content, but also supports higher-order thinking skills necessary to complete scientific experiments.

The Virtual Cell: A New Delivery Pardigm


Currently, the VCell is a WWW-based experience.  The user visits the VCell WWW site (http://vcell.ndsu.edu) and, depending on their status, logs in as a student or the general public.  The WWW has the primary advantage of providing worldwide access.  But currently this access is contingent upon the person having the proper operating system (Microsoft Windows), the appropriate browser (Netscape 4.x), and a required 3D plug-in (CosmoPlayer).  This has effectively limited reliable access for NDSU students to the campus clusters.  In an age when computing mobility is at a premium, we feel this limitation is a burden to future student learning. The need is for a “mobile client” that is, insofar as possible, independent of cluster configuration, hardware, and browser version. Because our grants are primarily for research and support the development and testing of innovative new educational modules, we are asking the NDSU Technology Fee Advisory Committee to fund  dissemination of an institutionalized VCell delivery paradigm.  These funds will be used to meet the following objectives:

1. Finalize the implementation (including testing and necessary revisions) of the tested and proven modules described above, and develop  a Java 3D VCell client 

2. Develop a  “mobile client” installation as outlined above
3. Publish VCell CDs to 
a. distribute for free to approximately fourteen hundred 2003-2004 NDSU students in BIOL 150 and Genetics 315
b. store at the NDSU library for students in future semesters to check out for course work at NDSU
The following describes how we will use TFAC funds to meet these objectives.


Objective 1: Finalize Proven Modules and Develop a Java 3D VCell client.  The restriction of VCell use to desktops running the Micrsoft Windows operating system along with a dated Netscape browser (4.x) and an unsupported 3D plug-in (CosmoPlayer) needs to be remedied.  TFAC funds will support one graduate student and two undergraduate students to finalize tested and proven modules, and develop a Java 3D version of the VCell client that will render the VCell worlds using the Java 3D API.  [Mr. Bradley Vender, a WWWIC/VCell staff programmer, will manage these students.  (See Project Match.)] 


Currently the three dimensional rendering of the Virtual Cell is delivered via the CosmoPlayer plugin.  Because this requires that a WWW browser (Netscape 4.x) when it is launched,  it is not possible to develop a completely integrated VCell java applet.  Furthermore, since the Netscape 4.x/CosmoPlayer combination is outdated, we have had to ask ITS to maintain old technology in the clusters in order to support our research.  This requirement is not cost-effective when clusters must be configured to deliver both an outdated browser in addition to the  preferred version.  By reengineering the VCell client to deliver the VCell rendering inside the client itself, we will not be bound to a specific browser or plug-in.  To achieve this objective, we will use the Java 3D API.  This API consists of object-oriented interfaces that allow programmers “to build, render, and control the behavior of 3D objects and visual environments.” (quoting from http://java.sun.com/products/java-media/3D/).  At the conclusion of this part of the development process, all of the VCell 3D graphics will be fully navigable as they now are, but in an environment that can be launched anywhere at anytime.  It is important to note that Mr. Vender is a member of the j3d.org, an international group of open source programmers solving key issues related to Java 3D implementations worldwide.  His leadership at NDSU will allow the student employees funded by this project to fully realize their project goals. 


 Objective 2:  Develop a  “Mobile Client”  VCell implementation.  Today, students are mobile and may not wish to be burdened with visiting an NDSU cluster to complete their VCell learning experience.  To facilitate this mobility, we will package the VCell using something like Java Web Start.  Quoting from the Java Web Start WWW site (http://java.sun.com/products/javawebstart/), “Java Web Start -- a technology for simplifying deployment of Java applications-- gives you the power to launch full-featured applications with a single click. You can now download and launch applications … without going through complicated installation procedures.”  The installation that we will develop will be modeled on the Web Start idea and will consist of the VCell client, the supporting course management tools, TCP/IP connectivity to the LambdaMOO server located at NDSU, the rich set of graphics and 3D models that support the learning environment (which are large and motivate a CD distribution), and the tools necessary for the student to launch the  mobile client VCell package.  
Technical aside: we cannot simply employ Java Web Start for this, as it requires installing an executable on the client machine, a practice not supported in most clusters (at NDSU and elsewhere): hence the need to emulate the the features of Java Web Start but using applet based methods (as opposed to application based methods like Java Web Start). The general outline will be as follows: the user launches VCell from the distribution CD, which first checks the server to determine if there are new classes or graphics that need updating. If so, there is a moment while the new materials are downloaded from the server. Once this is accomplished, the user continues.
By invoking VCell via  the mobile client, the student will be ensured of full functionality wherever they are working and studying.  Importantly, as functionalities are added to the VCell, when the student next sits down to use application, the mobile client will check the VCell server and download any new educational materials that have been recently released.  This is vital because once the NDSU student is in possession of the VCell CD (see next section) they will always be able to use our new innovations as they complete additional classes at NDSU.  This TFAC project will support one graduate student and one undergraduate student to develop this implementation
Objective 3:  Distribute VCell CDs to NDSU students.  Once the  mobile client implementation of the VCell is completed, it is our intention to publish CDs that will be given free-of-charge to NDSU students in classes that use the VCell as an educational tool in the next year.  Two large enrollment classes will be immediately involved.  General Biology (Biol 150) is a large enrollment service course offered every semester by the Department of Biological Sciences.  Annually between 900 and 1000 students enroll in this class.  All of the modules currently built or under development support important concepts and processes taught in this class.  We have worked with instructors in this class for the past four years.  They have enthusiastically supported its development and implementation.  (See letter of support from Dr. Will Bleier, Chairman, Biological Sciences.)

The principles supported by the VCell are not only part of the General Biology class.  For example, many of the molecular process (gene regulation, DNA synthesis, mRNA transcription, protein translation) are components of other classes such as Genetics (PLSC/BIO/BOT/ZOO 315).  This is a large enrollment class with two sections taught during the fall and spring semesters, and a total annual enrollment of 400.  Dr. Xiwen Cai, Assistant Professor, Plant Sciences will use the appropriate learning modules for his class.  (See attached letter of support).

Other courses have used the VCell, most notably Cell Biology (ZOO 370).  We will be contacting faculty across campus and to advertise the availability of the software.  We are in the process of developing teaching tutorials that will assist instructors who wish to implement the VCell in their class.  Since we are dedicated to making this resource freely available to NDSU students, we will stock the library with VCell disks for check out (we have made preliminary inquiries with the Library to see about how to best manage this, and have had encouraging indications).  Students can then take these disks within them and use the material to support their NDSU education.  They will also have the privilege to copy the application for their own use.

We are ever mindful that the VCell is a dynamic development project.  We are always bringing new educational content to both server and client side functionality.  For example, we are currently supporting two student programmers to develop new modules.  (See Project Match.)  Therefore we anticipate a number of content improvements over the next year or two.  To ensure that the CD we distribute is as current as possible, we plan to print the VCell CD in two cycles.  The first cycle will support students how use the software during the fall 2003 semester, and the students taking VCell supported classes in spring 2004, will receive CDs from the second cycle of printing.  Overall, we anticipate using TFAC funds to print 3000 CDs for distribution or library archiving at NDSU.

Project Milestones


The table below lists the specific timing for the major events associated with this project.  If funding began before or after this date listed, the timing of the milestones will be adjusted accordingly.

	Date
	Milestone

	April 15 – mid August 2003
	Hire students for positions. Develop the Java 3D version of the client; Finalize tested modules; Develop the  mobile client implementation 

	mid August – September 2003 
	Distribute first version (“burn”) of VCell CDs to NDSU students

	September 2003
	Submit 6-month TFAC report

	September – December 2003
	Monitor the distribution and design necessary improvements; Improve the Java 3D version of the client; Test and improve  the  mobile client implementation

	January 2004
	Distribute second version of VCell CDs to NDSU students (changed based on feedback from the first burn).

	February – mid April 2004
	Improve the Java 3D version of the VCell client; improve the VCell mobile client implementation; monitor, test, and improve the “auto-update” functionality of the mobile client between the first and second versions.

	April 2004
	Submit final TFAC report


Budget Justification

Minor Changes:

second para: detail => detailed

second para: tract => track

second para: aspects of software engineering. => aspects of software engineering and educational media development

third para: undergraduate students => undergraduate student employees

third para: other experience => other disciplines or whose experience

third para: that what maintains => that maintains

third para: the Java Web Start implementation => the mobile client implementation

fourth para: Slator’s research in => Slator’s research lab in 

fourth para: second floor IACC => IACC #258 A2/A3

fifth para: faculty members of the => faculty members aware of the

Duffy, T.M. and Jonassen, D.H. (1992). Constructivism: new implications for instructional technology. In Duffy and Jonassen (eds.), Constructivism and the Technology of Instruction. Hillsdale: Lawrence Erlbaum. 

McClean, P.E., Schwert, D.P., Juell, P., Saini-Eidukat, B.,  Slator, B.M., and White, A.R. 1999. Cooperative Development  of Visually-Oriented, Problem-Solving Science Courseware.  International Conference on Mathematics/Science Education  and Technology, March 1-4, San Antonio, Texas.
McClean, Phillip, Bernie Saini-Eidukat, Donald Schwert, Brian  Slator, Alan White (2001). Virtual Worlds in Large Enrollment  Biology and Geology Classes Significantly Improve Authentic  Learning. In Selected Papers from the 12th International  Conference on College Teaching and Learning (ICCTL-01), Jack  A. Chambers, Editor). Jacksonville, FL: Center for the  Advancement of Teaching and Learning. April 17-21, pp.  111-118.
Schwert, D.P., Slator, B.M, and Saini-Eidukat, B. 1999. A  Virtual World for Earth Science Education in Secondary and  Post-Secondary Environments. International Conference on  Mathematics/Science Education and Technology, March 1-4,  San Antonio, Texas.
Slator, B.M., Juell, P., McClean, P.E., Saini-Eidukat, B.,  Schwert, D.P., White, A.R., and Hill, C., 1999, Virtual  environments for education: Journal of Network and Computer  Applications, v. 22, p. 161-174.
White, Alan R., Phillip E. McClean, and Brian M. Slator. 1999.  The Virtual Cell: An Interactive, Virtual Environment for Cell  Biology. World Conference on Educational Media, Hypermedia  and Telecommunications (ED-MEDIA 99), June 19-24, Seattle,  WA.
