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Abstract

The North Dakota State University (NDSU) Worldwide Web Instructional Committee (WWWIC) is  engaged in developing a range of Virtual Environments for Education spanning a variety of disciplines, from Earth Science to Anthropology, and from Business to Biology. These projects share a strategy, an approach to assessment, and emerging tool sets.

Introduction

The North Dakota State University Worldwide Web Instructional Committee is a multi-disciplinary group composed of faculty, staff, and students from a variety of departments and colleges, that studies learning in immersive virtual environments (IVE) for education. To do this, WWWIC designs, implements, and studies active role-based simulation environments in order to support "learn by doing" problem solving in authentic virtual contexts. 

These projects are designed to capitalize on the affordances provided by virtual environments. For example, to 
- control virtual time and collapse virtual distance, 
- create shared spaces that are physical or practical impossibilities, 
- support shared experiences for participants in different physical locations, 
- implement shared agents and artifacts according to specific pedagogical goals, 
- support multi-user collaborations and competitive play. 

Each project has the following properties in common. They are role-based and goal-oriented; they are immersive simulations intended to promote learning-by-doing; they are spatially-oriented, exploratory, and highly interactive (Reid 1994); they are multi-user and game-like; and they employ software agents as tutors.

Project Overviews

Geology Explorer (Saini-Eidukat, Schwert, Slator, 1999) is a virtual world where learners assume the role of a geologist on an expedition to explore the geology of a mythical planet. Learners participate in field-oriented expedition planning, sample collection, and "hands on" scientific problem solving. The Geology Explorer world is simulated on an Object Oriented Multiuser Domain (a MOO; Curtis 1992, 1997; Curtis and Nichols, 1993). To play the game, students are transported to the planet's surface and acquire a standard set of field instruments. They are issued an "electronic log book" to record their findings and, most importantly, are assigned a sequence of exploratory goals. The students make their field observations, conduct small experiments, take note of the environment, and generally act like geologists as they work towards their goal. A scoring system has been developed, so students can compete with each other and with themselves. 

The Virtual Cell (Vcell; White, McClean, Slator, 1999) is an interactive, 3-dimensional visualization of a bio-environment. VCell has been prototyped using the Virtual Reality Modeling Language (VRML; Hartman and Wernecke, 1996), and is to be available via the Internet. To the student, the Virtual Cell looks like an enormous navigable space populated with 3D organelles. In this environment, experimental goals in the form of question-based assignments promote deductive reasoning and problem-solving in an authentic visualized context. 

The ProgrammingLand MOOseum (Slator and Hill, 1999) implements an Exploratorium-style museum metaphor to create a hyper-course in computer programming principles aimed at structuring the computer science curriculum as a tour through a virtual museum. Student visitors are invited to participate in a self-paced exploration of the exhibit space where they are introduced to the concepts of computer programming, are given demonstrations of these concepts in action, and are encouraged to manipulate the interactive exhibits as a way of experiencing the principles being taught (Duffy and Jonassen, 1992).

The Virtual Archaeologist (Slator et al. 2001a), is designed to give students an authentic experience that includes elements of a) exploration of a spatially oriented virtual world, b) practical, field-based decision making, and c) critical thinking for scientific problem solving. The objectives of the project include assessment of student performance, evaluation of instructor feedback, and incorporation of that information into the continuing design of the system. The larger objective is the distribution of this experience to archaeology students around the world.

The Blackwood Project (Slator et al. 2001b) is a simulation of a mythical 19th Century Western river town. Participants who join the simulation will accept or be assigned a role in the simulation that is primarily economic in nature. In Blackwood, gameplay is influenced by historical events and players are assigned roles designed to promote collaboration and interaction. Players assume roles in the simulation, such as a blacksmith, but are not expected to learn blacksmithing. Employee software agents actually do the day-to-day chores. The players are “only” expected to manage the retailing and business elements of the game.

Another key element in the research is devising non-standard and qualitative methods of evaluation and assessment to determine the benefit to students derived from their "learn by doing" experiences. Like the educational environment projects themselves, assessment is designed to apply across disciplines.

Assessment Results

All WWWIC projects are based on the idea of authentic assessment (Bell, Bareiss, and Beckwith, 1994), within authentic contexts, where the assessment goal is to determine the benefit to students derived from their "learn by doing" experience using our virtual environments. Our scenario-based assessment protocol is a qualitative one that seeks to measure how student thinking has improved. 

When learners join the synthetic environment they are assigned goals, selected by content matter experts to be appropriate to the learner's experience. Goals are assigned point values, and learners accumulate objectively measured scores as they achieve their goals. The goals are taken from a principled set, where easier goals are followed by more advanced ones. Similarly, certain goals in a set are required while others are optional. In this way, designers can insure that highly important concepts are thoroughly covered while allowing the maximum flexibility to the learner. Subject matter experts identify teaching objectives in more-or-less traditional ways, while learner outcomes are assessed in terms of the performance of specific and authentic tasks. This is the particular strength of learn-by-doing immersive environments, that a learner's success in achieving their goals provides an automatic measure of their progress. 

In addition to these outcome-based measures, all students are asked to answer open-ended scenario-based questions before and after the experiment. These scenario questions are word problems that present the student with a situation that a scientist might be confronted with. Students respond to the question with a narrative answer, which is evaluated according to an established protocol. 


Lately you and your best friend have been experimenting with “new age” forms of relaxation and health improvement.  One day your friend tells you that there is going to be a Crystal Power Retreat at a nearby national park and you can’t resist.


It's a beautiful summer night, and you spread out your sleeping bag after a fun day of looking at exhibits and demonstrations.  Your souvenir of the day is a beautiful quartz crystal you purchased from a vendor. You are tired from the day's activities, but are unable to sleep as something hard is digging into your back. 


You grope around and dislodge a hard, clear, thumbnail-sized crystal.


Your friend says, "Cool! I'll give you five bucks for that."


What do you do?


List the things you would consider in your decision.


List the questions you would ask yourself, and reasons behind those questions.

Figure 1: A sample scenario from the Geology Explorer

Geology Explorer Experiment Results

Students were divided into three experimental groups: two groups completed a self-evaluation in which they rated their abilities and experience working with computers and computer software. These were asked to experience Planet Oit or an alternate internet-based activity equal in estimated time-on-task; a third group did no additional activity. Then, after the players had experienced an extended exploration of Planet Oit (or alternative exercise), they were given a similar post-test survey with different but analogous problem solving scenarios, and asked again to record their questions and impressions. These documents were then compared with the pre-test versions, looking for evidence of improved performance. If players score better on the problem solving scenarios, this creates the clear implication that they have learned from the experience. Analysis of the data shows that students who participated in the Planet Oit experience performed significantly better on scenario questions compared to those that participated in the alternative exercise or those who did no additional activity. 

Table 1. Performance results of 1998 Geology Explorer experiment.

	Group
	Group 
size
	Pre-experience 
mean score
	Post-experience 
mean score

	Control
	161
	9.3a
	25.6a

	Alternate
	95
	8.5a
	24.4a

	Geology Explorer
	78
	6.8a
	35.9b

	
	
	F = 0.094
	F = 6.320

	
	
	P = 0.393
	P = 0.002


Scores were evaluated using a one-way analysis of variance and the Duncan’s means separation test (Table 1).  No significant difference (P = 0.393) was detected among Pre-experience group means.  In contrast, Post-experience group means demonstrated a significant difference (P = 0.002).  Among these means the Post-experience mean of the Geology Explorer group was significantly higher mean test score than the other two groups.

While a few others have shown significance in controlled studies over the years (e.g. Huppert et al., 1998; Mestre et al., 1992; Van Haneghan et al., 1992), this is the first where significant improvement in student learning provably resulted as a direct consequence of student use of an immersive (and self-paced) virtual environment, without direct intervention from a teacher or indeed any additional classroom experience at all. These results unequivocally support our methods and justify the approach.

A similar large experiment demonstrates that the Virtual Cell experience has a significantly positive effect on the ability of students to solve problems in the manner of a cell biologist.  The fact that the Virtual Cell group mean value is significantly higher than the Alternate group strongly suggests the improved ability is not simply the result of computer-based time-on-task, but  rather is directly related to the Virtual Cell experience.  This is encouraging because the experimental effect is identical to that observed with the Geology Explorer (McClean et al. 2001).

Conclusions

Other projects related to those described above include the Virtual Tools project which is designed to create software tools that will enable content experts to craft virtual worlds for instruction with a minimum of intervention or oversight by computing professionals. These tools include software for building abstraction hierarchies, concept frames, object interfaces, virtual maps, agent attitudes, and others.

Software agents are another of the continuing pursuits of WWWIC projects (Slator and Farooque, 1998). Several of the games implement a variety of agents from simple avatars providing atmosphere, to characters the contribute to game play, to tutors that visit players when they have made an error of certain types.

Assessment is another continuing research topic. WWWIC is developing a strategy and interfaces to a subjective evaluation of student progress that relies on player recall rather than objective recognition. These assessment instruments are being developed and incorporated into the pedagogical framework under which all the projects are working.

Future plans include the implementation of the "second generation" of virtual environments which seek to do two things:  
• press the role-based elements in order to create more local player contexts that promote collaboration as well as competition. 
• cross discipline boundaries by incorporating, for example, social science elements into a microeconomic context.

The Blackwood game is intended to be simulations of this second generation type.
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