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ABSTRACT

     The Virtual Cell is a 3D immersive role-based educational simulation. Research on this system includes conducting pilot studies in order to determine the viability of non-traditional “learning by doing” game environments for education. The initial studies where conducted solely at North Dakota State University, but in the fall of 2001 they were expanded to include three other area institutions. In order to reasonably implement the pilot studies at all of the institutions it was necessary to develop tools to manage and coordinate the student activities, while at the same time minimizing the impact and time requirements for faculty in their classroom. These tools were built as four separate web-based systems, each geared toward one of the following: students, faculty, administrators and graders. The sites were designed using LambdaMOO, PHP, PERL, JavaScript, MySQL and JAVA. This paper describes the authors' experience in developing a set of web-based support tools for the coordination of a distributed learning environment.
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INTRODUCTION

     Pilot studies in education are conducted to determine the impact of new teaching methodologies. At North Dakota State University (NDSU) the Virtual Cell project [1] is using pilot studies to test the effectiveness of 3D role-based education environments in teaching concepts of cellular biology.

BACKGROUND

     The World Wide Web Instructional Committee (WWWIC) is a research group at North Dakota State University dedicated to creating role-based educational games that teach the fundamentals of cell biology (The Virtual Cell), geology (Geology Explorer), retailing (Dollar Bay), and the past (Blackwood). 

     WWWIC role-based environments are based in part on the time-honored concept of master and apprentice with the student playing the role of the apprentice and the various characters and tutors in the virtual world providing the expertise of the master. The ultimate aim is for students to immerse themselves in a problem solving context and thereby learn how to behave. This immersion is intended to lead towards a mastery of the content by having students experience working within authentic frameworks [2]. In the Virtual Cell, for example, this would provide the student with means to learn the skills and, more importantly, how to think like a Cellular Biologist.

Virtual Cell background

     The Virtual Cell provides students with a range of immersive 3D environments in which they are taught basic plant and animal cellular biology. Through exploration and experimentation the students learn how to identify common cellular organelles, such as the cell nucleus and chloroplasts, diagnose malfunctioning cell constituents, and visualize and internalize the process through which Adenosine Triple Phosphate (ATP) is synthesized in the mitochondria. 

Pilot Study Background

     The Virtual Cell studies conducted in the Fall of 2001 were orchestrated using the tools described here (see Figure 1). The study involved four institutions in the region (North Dakota State University, a research intensive PhD granting university, Minnesota State University – Moorhead, a comprehensive 4-year college; Concordia College, a 4-year liberal arts school; and the North Dakota State College of Science, a 2-year technical school), which required coordinating among four instructors teaching four different classes, with different syllabi and semester schedules. Together, these courses enrolled over 1,000 students, all of whom were required to be involved in the study. 

     These students were randomly placed into one of three “assignment” groups (a Virtual Cell group, a web-based group, and a textbook group), with each group balanced by computer literacy, gender, and previous Biology experience. This placement was done on the basis of the computer literacy survey, and an algorithmic process built into the pilot study system. In all the assignments, students studied material relating to the structures and functions of cell organelles and the electron transport chain. The Textbook group’s assignment had the students reading selected portions of their textbook, while the Web-based assignment had students reading and reviewing specific websites. The last group, the Virtual Cell assignment had the students learning the material by playing the Virtual Cell game.

     The pre- and post-assignment assessments are an important part of the pilot study, and are used to gauge the effectiveness of the different assignments in teaching scientific principles. The assessments are short written narratives where students are given a problem and asked to describe how they would test a hypothesis through experimentation. As part of a pilot study, all the students participate in two assessments. The first assessment is taken prior to the assignment and the second assessment taken after the assignment. The assessments are graded (by graduate students in Biology), and the change in score is used to determine the benefit provided by the Virtual Cell in the “learn by doing” experience compared to the traditional textbook assignment and the web-based reading assignment. [3] 
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Figure 1. Virtual Cell Schematic 

Implementation

     The Virtual Cell (VCell) consists of three software elements: 1) a collection of VRML worlds representing a virtual laboratory, the interior of the Virtual Cell and the interior of cellular organelles; 2) LambdaMOO (a MUD, Object Oriented) server and database that contains the textual material (help file and experimental output data), and controls the single and multi-user interactivity; and 3) a Java interface. The VRML worlds provide the visual context, while the LambdaMOO server and database, and the Java interface control the interactions. LambdaMOO runs in the background on a network server that permits multiple users to simultaneously connect to and interact with the VRML worlds and their associated data. 

     Learners simply need a computer with a Java 1.1-capable WWW browser (the current versions of Netscape Navigator or Microsoft Internet Explorer work fine). VCell also requires a Virtual Reality Modeling Language (VRML) plug-in such as CosmoPlayer; the plug-in is available free for the PC and MacIntosh platforms from Platinum Technologies, Inc., at http://ca.com/cosmo/ and can be included in a Netscape 4.5 installation. 

     The design architecture is a client-server (or distributed processing) model. Persistent entities, and information about the VCell environment, are stored on central servers. Client software displays the user’s view of the world, and handles the routine user interface details. The LambdaMOO server was chosen for implementing the main simulation servers, with HTTP servers providing the stored Java and Virtual Reality Modeling Language (VRML) data required by the clients. The client software is implemented using Java and External Authoring Interface (EAI) capable VRML plug-ins. 

Technologies used in the Pilot 

     Students participate in a VCell pilot study through a website developed to coordinate their activities. The website is developed with the PHP (Personal Home Page [4]) programming language and a MySQL database [5]. The MySQL database stores all information pertaining to the pilot study, such as lists of student accounts, each student’s progress, and pilot study timelines. The data in the database is processed and presented to students using PHP, which builds dynamic web pages specific to the individual accessing the information. For example, each student visits the same pilot study activities page that informs them of their progress (see Figure 2, below). This page provides a user-specific checklist and coordinates the student activities by only allowing certain activities to be available during certain times, and only after the previous activity is completed. The page is generated based on the current date and the individual logged into the system. 

     The pilot studies administrative site is written in PERL (Practical Extraction and Reporting Language [6]). Both PERL and PHP provide the abilities to develop dynamic web pages because PERL programs can be run on the server as automated tasks. A typical use of the automated task is to periodically transfer the student history and scores from the LamdaMOO server to the MySQL server, which happens on an hourly basis.

Student Site (student experience)

     Participants of the pilot studies are required to complete six different activities through the course of the study in the following order: 

1. a pre-assignment computer literacy survey, 

2. a pre-assignment content assessment, 

3. one of three content assignments, 

4. a post assignment user feedback survey, 

5. a post-assignment computer literacy survey, and, 

6. a post-assignment content assessment. 

     These activities are assigned to every student participating in the pilot study during specific date ranges, which coincide with specific topics on a class syllabus. In this study the students were asked to register, take the pre-assessment computer literacy survey and the pre-assignment content assessment anytime during the first four weeks of the term. During the fifth and sixth weeks the students were learning about cellular biology in class and were asked to complete their pilot study content assignment and then complete a user feedback survey. Finally, during the seventh week the students were asked to complete the post-assignment content assessment and the post-assignment computer literacy survey. 
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 Figure 2: Virtual Cell Activities Page

     A student begins participation in a pilot study by visiting the Virtual Cell website (http://vcell.ndsu.edu/) and registering for their particular class (there were four classes in the study, one from each of four institutions, listed above, and offered in a total of seven sections). During the registration the student is asked to provide their name, student ID, email address, password, and which biology class they are enrolled in, for identification and authentication purposes. Following that, the student receives an email message with their account information. This message also instructs the student to visit the pilot study site and begin their work.

     The first part of the pilot study, the pre-scenario computer literacy survey, is used to evenly divide the students into the three separate content assignments: Web, Text, and Virtual Cell. The student groups are determined based on computer literacy, gender, and prior Biology experience. Within these parameters, the system randomly assigns students to one of three control groups for comparison. Upon completion of the pre-assignment computer literacy survey, the students are asked to complete the pre-assignment content assessment. The pre-assignment scenario states:

“You are on a foreign fellowship to work with Dr. Larsson in Sweden. Dr. Larsson is a cell biologist who specializes in human diseases. A new group of patients arrived recently exhibiting myopathy, severe muscle weakness. The most prominent symptom is severe muscular weakness after just a short period of exercise. Using his vast experience with cellular diseases, Dr. Larsson immediately suggests the Golgi apparatus is not functioning properly. This strikes you as not quite right. You suspect another organelle is not functioning correctly. You quickly volunteer to test Dr. Larsson's hypothesis. Describe the experiment(s) you would perform to demonstrate which organelle is not functioning properly.”

     The students are asked to enter their responses into an online form. These are later graded according to a prescribed protocol.

     After the pre-assignment assessment, each student is given a personalized pilot study page showing all their assigned activities, along with additional information specific to their assignment. Figure 2 shows a personalized page for a student assigned to the Virtual Cell condition. In this example, the student has finished the pre-assignment computer literacy survey and the pre-assignment content assessment, and is currently working on completing their VCell content assignment. Once the students have finished their assignments they are informed that the next activity is an assignment feedback form, which is designed to find ways to improve the assignments. 

     Next, depending on the date, the student is either told they are to complete the post-scenario assessment or to come back after a specific date to complete the post-assignment content assessment. The post-assignment assessment is of the same form as the pre-assignment assessment. 

“You are on a foreign fellowship to work with Dr. Rotig in Germany. Dr. Rotig is a cell biologist who specializes in human diseases. A new group of patients arrived recently exhibiting heart myopathy, a severe weakness of the heart muscle. The most prominent symptom was shortness of breath after a brief period of exercise. Using his vast experience with cellular diseases, Dr. Rotig immediately suggests the Golgi apparatus is not functioning properly. This strikes you as not quite right. You suspect another organelle is not functioning correctly. You quickly volunteer to test Dr. Rotig's hypothesis. Describe the experiment(s) you would perform to demonstrate which organelle is not functioning properly.” 

     Finally, the student finishes the pilot study by completing the post-assessment computer literacy survey. 

Student Site (behind the scenes)

     The student section is completely written in PHP, which accesses both the MySQL database and the LambdaMOO server. During registration, the student registration information is passed to the LambdaMOO server to create a new user account. Based on the students first and last name LambdaMOO creates a new username by concatenating their first and last name. If this already exists in the database the number one is added to the end of the concatenated username, and this is incremented until a unique new username is found and created (this solves the problem of multiple John Johnson in the student body). This newly created account information then is passed back to the PHP registration scripts to create a second user account within the MySQL database. Once the accounts are created, the registration program sends email informing the newly registered student that their account has been created, which also verifies the accuracy of the email address. Students who register after the registration deadline are marked as late additions and are assigned to the textbook assignment.

     The computer literacy survey is a series of 24 questions that are used to divide the students into 12 groups (see figure 3), with one of three assignments based on the following formula:

1. Add up the score of the first three questions. Each of these questions has four answers, and all or none of the answers can be chosen. Each answer is worth one point, with maximum score of 12 points.

For example, question #1 is: I have used computers to: (mark all that apply)

A. Play games

B. Browser or "surf" the WWW

C. Download files or graphic images

D. Access on-line syllabus, class notes, homework or other school

assignments.

2. Add up the score of the next 16 questions. Each of these questions has three possible answers. Scoring is as follows: answer one worth zero points, two is worth one and three is worth two. Only one answer per question is allowed, with a maximum total score of 32 for all 16 questions.

For example, question #11 is: How comfortable are you with using computers for doing homework or other school assignments?

A. Not at all

B. Moderately

C. Very

3. Group by students by gender, and then by whether or not they have taken a biology class, creating four separate groups. The combined score of (1) and (2) is the student’s computer aptitude score (the maximum is 44 points). Assign the students to the Textbook, Web, or Virtual Cell assignment by alternating groups based on score. For example, the student with the highest score would be assigned the textbook assignment, the student with the next highest would be assigned the to Web assignment, followed by the Virtual Cell, and then back to Text. This is repeated until all students are assigned.
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Figure 3: Random assignment groups

     Every activity submitted by a student is recorded in the database for later analysis, and when an activity is completed, the student information is updated to show the completion of that activity. 

Grader Site (grading experience)

     The completed assessments the students filled out as part of the pilot study are accessible from within the grader site. When grading a student response, the grader chooses a scenario, selects the person to grade and then reviews their assessment. The grader then fills out all the scoring criteria. Each criterion has a maximum score, which is necessary because it is possible, with multi-choice criteria, to assign more points than the maximum possible allowed. For example, when more points are awarded than the maximum, the system will notify the grader to fix the score. Each criterion is totaled and the total of all the criteria is the score that is awarded to the student. Scenario assessments conducted in the Virtual Cell are scored on a scale of 0 to 100. A score of 100 should be achievable by a PHD biologist. 

Grader Site (Behind the scenes)

     Online scenario grade sheets are customized to the scenario because each scenario has different key elements that need scoring. In addition, it is anticipated that many more scenarios will be added to the system over time. Therefore, an interface for creating new score sheets was designed to allow for this extensibility. Each grading form is designed first on paper, and then entered into the grader site. Creating new review sheets starts by first choosing which pilot study they are going to grade. Next, they are asked how many sections there will be in their scoring. Examples of sections are "General Problem Solving", "Specific Information", and "Expert Knowledge". Then they are asked how many criteria will be included in each section. Examples of criteria in the General Problem Solving section are "Form Hypothesis?", "Designed Experiments?", and "Conclusions based on evidence/theory?" 

     Then they are asked the type of each criterion evaluation. The evaluations can be one of three types, "choose all that apply", "choose the best evaluation", and scaled value evaluations. The “choose all that apply” evaluations are of the form where, for example, there are six possible grades and the grader will choose every one that fits. For example, grades under "Design Experiments" might be "1st Specific Test", or "2nd Specific Test", "Inappropriate Test" (which deducts points), and so on.

     The “choose the best fit” evaluations are of the form where the grader will choose, for example, the best evaluation of five possible choices. The last type is the scaled questions; this is where the grader will choose how many points the student earned on the question. An example might be: a student earned 15 out of the possible 20 points for the criterion.

     Each grading form has a running total calculated with JavaScript by adding all the current point totals every time the grader changes one of the criteria. This also provides feedback to the graders when a criterion is found to have more points then the maximum possible point total for that criterion. The score cannot be submitted until all of the criteria are answered and all criterion totals are less than or equal to the maximum score.

Other Sites

     There are two additional sites that play a role in the pilot studies, the administrative and faculty sites. The administrative site provides the pilot study administrators with the ability to monitor all aspects of the Virtual Cell. It is here that new pilot studies are created. Also, within this site an administrative summary page shows all current pilot studies along with their respective activity dates. Each individual pilot study also has a summary page showing a list of all students and their current progress. 

     Every faculty member participating in a pilot study is given access to the faculty area from which they are able to monitor their students progress. The faculty member’s summary is composed of a list of students in the study, which activities of the study each student has completed, and the score of those students participating in the Virtual Cell assignment. Every hour the Virtual Cell student scores are transferred from the LamdaMOO server to the MySQL database. The score currently ranges from 0 to 360, and provides the faculty member with a guide showing how far each student has progressed. 

CONCLUSION

     In order to effectively conduct pilot studies as part of the classroom experience it is necessary to find ways to minimize the burden on the faculty member. This has been accomplished in the Virtual Cell by creating web-based pilot study support sites. These sites eliminate the need to have faculty use valuable class time doing such things as hand out paper assessments. It is even more important to have automated systems in place that manage the pilot studies when attempting to coordinate with faculty at multiple institutions. 

     While this pilot study system resembles course management software in certain respects, it differs in several important ways. First, while it is common for students to register for courses and assignments online, it is seldom the case they are required to take a computer literacy survey. While this is not in itself remarkable, it enables study administrators to automatically create balanced control groups, which are essential for a valid study. Second, grades are assigned based on student achievement in the game context. The students are evaluated according to the points they score, and not through answering questions in a formal exam setting. 

     Finally, this system serves as an account broker for an immersive virtual environment, creating student records and eliminating the usual problems of student account creation where user names are selected and rejected because they are already "taken" by a previous student. In addition, this system provides reporting features for student progress in an immersive virtual environment. We believe these features are unique in the literature.

ACKNOWLEDGEMENTS

     The NDSU Worldwide Web Instructional Committee (WWWIC) research is currently supported by funding from the National Science Foundation under grants DUE-9981094 and EIA-0086142, and from the US Department of Education under grant P116B000734.

REFERENCES

[1] 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, pp. 1444-1445.

[2] Slator, Brian M., Paul Juell, Phillip E. McClean, Bernhardt Saini-Eidukat, Donald P. Schwert, Alan R. White, Curt Hill (1999). Virtual Environments for Education. Journal of Network and Computer Applications, 22(4), pp. 161-174.

[3] McClean, Phillip, Bernie Saini-Eidukat, Donald Schwert, Brian M. Slator, Alan R. 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.
[4] Personal Home Page. PHP:  http://www.php.net, accessed 21May02.
[5] MySQL, http://www.mysql.org, accessed 21May02.
[6] The Source for PERL. : http://www.perl.com, accessed 21May02.






_1092165693.psd

