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I. Introduction 

The evolution of technologies for the World Wide Web (WWW), computer-supported 
cooperative work (CSCW) and distributed simulation provides new opportunities for education 
delivery as well as unique perspectives for training. Simulation follows a learn-by-doing 
philosophy . The WWW and CSCW provides a collaborative learning perspective by 
encouraging collective knowledge building. By merging these two approaches, Distributed 
Collaborative Learning Environments (DCLEs) can be developed to provide new approaches to 
training in the military, industry, and academia. 

Traditional approaches toward educational rely on an information transfer model. Instructors 
deliver the material to the students and students are tested on how well they can deliver the 
knowledge back to the instructor. A distributed collaborative learning environment provides a 
new approach for education delivery through a constructionist educational model. In a 
constructionist model, it is assumed that students build cognitive models of a new subject more 
rapidly and accurately by building working models [Harel91]. These models can include 
software or a physical artifact. The constructionist model is extended to produce the Virtual 
Academy model: a group of learners collaboratively builds on each other's knowledge through 
construction of distributed virtual environments [Moshell96). A DCLE provides the tools to 
implement this Virtual Academy training model by allowing geographically dispersed 
individuals to collaboratively build these distributed virtual environments to train others on a 
subject while simultaneously building their own expertise on the subject matter. Thus, the DCLE 
itself is a virtual environment for building virtual environments. It is now being proposed that 
similar virtual environments can now be constructed to bring together individuals on the World 
Wide Web with common interests beyond education and training. It is hypothesized that such 
groups of common interest can form commercially viable virtual communities similar to DCLEs 
[Hagel97). 

This paper documents an exploration of potential interactions in such participatory learning 
environments. The goal is to develop an understanding of Computer Supported Cooperative 
Work (CSCW) issues as they relate to collaborations among distributed groups of students. 
Ultimately, our intent is to develop criteria to evaluate and develop effective education-oriented 
CSCW systems. The proposed participants are potentially highly distributed in level of 
experience as well as geographically distributed. 

The purpose of these criteria will be to guide software developers as they build the tools that the 
students and teachers will use during exploration and incorporation of knowledge and lessons. 
The intent is to allow and encourage students to build educational lessons for other students to 
"play" through interaction of the student-constructed models. Current and anticipated 
developments in computer software and hardware point to computer tools as the appropriate 
vehicle for this endeavor (Kafai94]. 



I-A. Ass11111ptio11s 

Several assumptions serve as the basis for our approach to this project. These assumptions range 
from general theories of learning to more specific assumptions concerning CSCW 
implementation. 

The main impetus for our efforts is the theory that the overall educational process can be 
enhanced if students become more participatory in the learning process. This assumption is based 
on the concept commonly referred to as constructionism [Harel9 l]. Learning of this form can 
take place on several levels. For example, in order for students to learn effectively while 
"playing" educational experiences, the builders of the experiences must learn the lessons 
themselves [Moshell95a, Moshell95b]. With the students as builders and players, multiple 
methods to gain breadth and depth in knowledge are provided to the student. 

Another guiding assumption is that we are not in a position to understand the best way to 
implement these tools at present. The goals of this endeavor are far reaching and the implications 
of its implementation are not fully understood. We anticipate that prototypes placed in the 
students' domain will be an invaluable source of direction for development. 

Based on studies in the domain of CSCW, we also hypothesize that computer technology has the 
potential to greatly facilitate involvement of groups of students in the learning process. The 
emergence of computer-supported virtual experiences enables the incorporation of lessons into 
highly engaging, highly descriptive and highly portable "worlds" [Moshell95a, Moshell95b]. We 
assume that much of the observations and implications garnered from the "post-adolescent" 
CSCW domain will be useful to direct efforts in a distributed education-oriented domain. 

1-B. Approach 

As stated previously, the goal is to develop criteria that will be useful preliminary guides for 
software developers in the construction of software tools for groups of students to use during 
exploration and incorporation of knowledge and lessons. This paper represents a first step: an 
exploration of the issues inherent in participatory education of this nature. 

As a basis for understanding the issues involved, we will refer to a specific software 
environment, called Explorenet, which is being developed by Moshell and Hughes [Hughes97). 
In the Explorenet approach, students play roles in a computer-based virtual world and through 
those roles are tasked with solving problems to achieve the final goals of the experience. These 
goals are based on the lesson plan which guides the overall design of the experience. This model 
of interaction is similar to popular computer-based role playing games. Following a 
constructionist education model, we anticipate that students will not only be participants in the 
virtual world, but will also serve as the designers and builders of these virtual worlds. Since 
Explorenet can be used by students in physically different locations, we also assume that those 
students who build and design the virtual worlds will be geographically distributed as well. With 
this precondition in mind, the use of emerging CSCW technology is seen as a means to enhance 
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the world building process. Thus, the intent of the prior research was to study the CSCW domain 
to develop a set of requirements for a distributed collaborative learning environment similar to 
the Explorenet. This system would allow students (under the guidance of instructors) to 
collaboratively create models based on the subject matter, interact with the other models, and 
learn within these virtual experiences. 

Following the Explorenet model, we propose that the students can be placed in one of three roles: 
guests, cast members and world builders. Guests are lesson participants who "play" the virtual 
experience. Their role is to gain the knowledge which is the focus of the experience. In other 
words, the guests are the target audience of the lesson plan and model represented by the virtual 
environment. Cast members are lesson participants who help direct or guide the guests as they 
solve the problems presented by the experience. Thus, the cast members have some level of 
understanding of the intended lesson and how to support the guests in their efforts. World 
builders will be responsible for using the software tools provided to design and create the virtual 
experience, which has as its focus, lessons to be learned or knowledge to be distributed. The 
world builders are likely to have been guests and cast members in previous lessons and may well 
be guests or cast members in subsequent lessons. The cast members and world builders will be 
partners in that they will likely collaborate in design and testing of the experience. The cast 
members and guests are partners in that they "play" the virtual experience together towards a 
common pedagogical goal. Thus, the cast members are mentors to the guests and the world 
builders serve as mentors to the cast members. 

There exist two other groups that influence the development and use of these educational virtual 
worlds but do not directly participate in them. These two groups provide the infrastructure for 
these virtual worlds and are known as the tool builders and the system builders [Moshell95b]. 
The tool builders provide the building blocks that world builders use to design, implement, and 
test their worlds as well as support the cast members and guests in their use of the worlds. The 
system designers provide the fundamental computer hardware and software systems used to build 
the tools. Such systems include the computer processing units, displays, input devices, graphics 
and sound libraries, and other software and hardware that are readily available through 
commercial or public distribution. 

It the intent of this paper to determine the criteria for effective development and use of 
educational virtual worlds as required by the first three groups. As researchers of virtual worlds 
for education, we feel that by developing these criteria first, we then begin to uncover the criteria 
that will be used to build the appropriate tools for guests, cast, and world builders. Thus, we see 
ourselves as the tool builders and we need to develop the requirements of our users. To illustrate 
this relationship, Figure I-1 illustrates the different groups involved in building and using virtual 
worlds for education. The pyramidal shape illustrates how the actions of one group support the 
other groups. 
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Guests 

Cast I Mentors 

World Builders 

Tool Builders 

System Builders 

Figure I-1: Groups Involved in Educational Virtual 'Vorlds 

To develop these criteria, we first need to determine what the criteria should measure. There are 
several possible approaches, but our approach could best be summarized through the statement 
that "groupware is software that supports and augments group work" [Greenberg91]. Thus we 
need to determine the nature of this augmentation. From the current CSCW literature, we could 
state that groupware augments group activities by: 

(I) Allowing members of the group who are in physically different locations to contribute to 
group activities such that the group performs as good or better compared to having all 
members in the same physical location; or, 

(2) Allowing a group whose members are in the same physical location to perform better 
than without the groupware system by removing various process losses from the group 
activity process [Valacich91]. 

Performance is still a vague concept as applied to group interaction and may be difficult to define 
in a specific manner for a large class of CSCW activities. However, if we consider a constructive 
education process, can a performance measure be developed? For instance, is the performance of 
the class measured by the number of new concepts the students learn in a week, the number of 
students in the classroom that learn a new concept, or the number of diverse concepts a student 
uses to solve a particular problem? One could hypothesize that measures of performance will be 
specific to the activity to be augmented by a groupware system. Suffice it to say that the authors 
are not aware of any general group performance measures for the education process at this time. 
Thus, we will take a different approach in developing our criteria. 

To achieve our goal, we will follow a process taken by other researchers studying CSCW 
approaches in education [Schwab92]. The process is as follows: 

1) Identify the tasks of the individuals in the group. 

2) Identify the subset of tasks that currently are collaborative or could best benefit from 
collaboration. 
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3) Identify the spatial, temporal, and social constraints imposed upon the potential or 
currently collaborative tasks. 

4) Seek methods (CSCW or social restructuring) that reduces these spatial, temporal, and 
social obstacles. 

It is possible that this process may apply to developing CSCW systems for other types of 
activities, but the focus of our research is primarily educational applications. This research 
identified five classes of activity that will typically occur in the virtual world building and 
exploration (i.e., learning) process. These activities are: 

• Design of the virtual world (i.e., creating the lesson plan). 
• Implementation of the virtual world. 
• Testing and correction of the virtual world against the original design concepts. 
• Observing and understanding activities of users to measure training effectiveness. 
• Support users (guests and cast members) of the virtual world. 

These activities are shown in the upper circle of Figure I-2 which illustrates how these activities 
may occur between the groups defined earlier as guests, cast members, and world builders. 
World builders with a specific lesson in mind, design the virtual world. Cast members may or 
may not assist in the design process as indicated by the overlapping "Design" label between these 
two groups. Next, the world builders implement the virtual world using tools provided by the 
tool builders. Following this phase, the world builders test the virtual world as indicated by the 
overlapping "Test" label. The next activity is the "Support" of the guests provided by the cast. 
Support of the cast by the world builders is included in the Design, Implement, and Test 
activities. Finally, cast members observe the effectiveness of the world in communicating the 
lessons to the guest. This information is passed back to the world builders to aid in designing the 
next world. Also, the world builders observe how the cast is aided in its task and how future 
worlds may improve this aid. These two different observations are symbolized by the two 
overlapping "Observe" labels. Each of these activities will be described in greater detail later in 
the paper. We will refer to this set of activities as the DITOS activity model. Figure I-2 also 
shows in the lower circle how a similar set of activities may occur between the world builders 
and the tool builders. This set of activities are currently emerging as we pass through our first 
iterations of world building. At this point, these activities are beyond the scope of this paper and 
we will only focus on the activities represented by the upper circle. 
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Guests 

Cast I Mentors 

World Builders 

Tool Builders 

Implement 

Support 

---i.._~ 

Test 

Implement 
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Design 

Figure 1-2: Activities Between Groups in Virtual World Construction and Use for 
Education 

It has been stated that the introduction of technology will be insufficient to bring about a more 
effective education process and we therefore must consider how to change the organization of the 
education process [Hawkins93, Schwab92]. Furthermore, it has been observed that any 
introduction of technology should also include a change in the culture of an organization if the 
technology is to be used effectively [Orlikowski92). However, by providing tools that help to 
build these virtual worlds, it is our hypothesis that both students and teachers will seek to adapt 
the educational process to become more effective through these types of virtual world-building 
and exploration activities. 

As tool builders for these activities, we need to determine the criteria that enhances the overall 
group education process. In particular, for each of the DITOS model activities, we must identify 
the spatial, temporal, and social obstacles and devise criteria to reduce or eliminate these 
constraints. Our goal is to devise criteria for each of these activities as well as some general 
criteria that apply to all of five classes of activity. The activity-specific criteria help groups of 
designers, implementers, and testers with their part of the world building process. The general 
criteria would help maintain a common mind-set between the different group activities as to the 
purpose and objectives of the world-building activity. Thus, the general criteria serve as a 
consistency mechanism. We develop these criteria in the sections which follow. 
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II. Design of the Virtual World 

In this initial stage of the development of the goals, lesson plan, and the virtual world that will 
embody this lesson plan, we see this stage of develop to be similar to a software system design. 
During most software design processes, some distinct products can be identified that are 
generated by different phases of the design activity. In particular, products of the design activity 
may include [Rein9 l]: 

• Issues that the design process must address; 
•Positions that provide a design approach to resolve these issues; 
•Arguments for and against these positions; 
• Criteria to evaluate the arguments; and, 
•Decisions on the arguments, based on the criteria, which chooses some subset of the 

positions 

The notes, sketches, and conversations generated within a group to raise the issues, positions, and 
arguments regarding the design can be referred to as design rationale [Rein91]. However, the 
results of such collaborative design efforts may never manifest themselves as tangible documents 
[Olson9 l ]. To effectively support a constructionist education model, we wish to capture these 
design products and the design rationale so that they may be easily shared with other members of 
the design group and as an example of virtual world building for future world builders. 
Therefore, it becomes desirable to capture these products which are stored in the group memory, 
but may not be accessible to all world building group members or people outside of the group 
who may not be involved in the group during the design phase of the project. To record these 
products of the idea generation phase for later reference may require the collection of text 
descriptions, final sketches, animation of sketches to show processes, process flow charts, lists 
(ordered and unordered), tables, voice recordings, and video to record gestures and other 
expressions of ideas [Tang91, Valacich91]. 

In order to capture these products of the design phase, identification of the process is necessary. 
Typically, the design process requires a real-time dialog with a high degree of interaction 
between group members and typically includes voice, gestures, and sketching [Tang91, Olson91, 
Rein91]. We can decompose this highly interactive process of design into a smaller set of 
processes to further identify the criteria. These processes are as follows [Valacich9 I]: 

- Idea Generation (Brainstorming) 
- Idea Synthesis (Consolidation) 
- Prioritization 

So for each of these tasks, we must identify the spatial, temporal, and social constraints and 
devise criteria to reduce or eliminate these constraints. 
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Il-A. Idea Generation 

Idea generation, typically referred to as brainstorming, is an early phase in the design process 
where issues and design options to address those issues (i.e., positions) are generated. Creativity 
of the team is highly valued in this stage and evaluation of the issues or positions is discouraged 
to produce as many relevant ideas as possible. Success of subsequent stages in the overall group 
design process are highly dependent on this initial activity [Valacich9 l ]. 

To ensure the success of this process, we must examine the different types of obstacles to this 
process so that they may be overcome. One significant spatial constraint is that all group 
members must be collocated in the same physical space so that all have the same view of the 
ideas being expressed [Tang9 l, Shu94]. This, in turn, imposes the temporal constraint that all 
group members must be present during the entire idea generation activity which suggests that this 
is a synchronous activity [Olson91]. The social aspects of this interaction typically indicate that 
an idea generation process is typically informal in nature with no specific agenda [Olson91 ]. 
However, there are numerous impairments that can occur during group interaction which are 
referred to as process losses [Valacich9 l]. 

One of the most significant processes losses in the education environment is considered to be 
socialization, or the tendency to engage in non-task related behavior. Yet, socialization can aid 
students in developing their communications skills between other participants in the lesson and 
share cultural knowledge which can enhance the collaboration. It is possible that, with further 
study, different levels of required socialization can be discovered for different groups of students 
depending on their experience and cultural background. This required socialization would 
determine the point at which individuals identify with the experience of other group members 
and feel that they can successfully contribute to the group goals. Beyond this threshold, 
socializing no longer enhances the overall education experience, and instead detracts from it. 
The ability to support socialization is seen as a key factor in the success of commercially-viable 
virtual communities now in development on the World Wide Web [Hagel97]. 

Il-B. Idea Synthesis 

In this phase, ideas and positions are organized, synthesized, and consolidated where possible 
[Valacich9 l). Arguments for and against different positions are generated in this phase of the 
process as well as the early criteria for evaluation of the arguments and positions. 

Spatial constraints do not consist of physical constraints as much as it concerns the shape of the 
mental model of the design. In other words, idea synthesis can (and does) occur as easily over 
email as it could in a conference room. However, in this phase, the group begins to impose an 
organization upon their conceptual model of the design and therefore requires a common meeting 
place to form these ideas, but not necessarily a physical space. In considering the temporal and 
spatial constraints, this phase can be classified as an open and asynchronous activity whereas 
brainstorming (i.e., idea generation) is open and synchronous [Olson9 l ]. All members are not 
required to discuss these issues, positions, and arguments at the same time and this phase can be 
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conducted in an informal manner through meetings or an electronic forum (e.g., email or 
message boards). 

11-C. Prioritization 

In this stage, criteria are decided upon by the group and all current arguments are evaluated based 
on these criteria. The term "current" is used in reference to the arguments and criteria since this 
act of proceeding through idea generation, synthesis, and prioritization processes may only be 
one pass through an iterative cycle. Decisions on the positions are also made at this stage which 
then become requirements and specifications for the implementation. 

This prioritization process is both formal and synchronous with respect to the team members 
[Olson91]. To decide on criteria and evaluate the different positions on the design requires that 
all members must be present in the same space. The most important aspect of this spatial 
constraint is the group must share the same media space to resolve issues and evaluate arguments 
[Olson91]. Also, so that many decisions can be made in a short period of time requires that all 
members be present in the common space at the same time (i.e., temporal constraint). This 
resolution process also requires that an organized agenda or list of issues be presented to the 
group in advance. Thus, a formalism is imposed on the meeting which can be disrupted by 
processes losses [Valacich91]. 

It is at this stage in the design process that we can differentiate between a top-down and bottom
up approach to design. In a top-down approach, all design issues are resolved at this 
prioritization phase and all effort is focused next on implementation. Evaluation of positions is 
based on current information which assumes a strong dependence on the ability to reference 
appropriate material. In a bottom-up approach, the group decides that insufficient information is 
available to resolve all issues and that decisions can be made by generating implementation 
experiments to provide the missing information. An optimal approach to software design, or any 
complex system design, is yet to be discovered and, in fact, many approaches are used 
[Booch94]. However, one might argue that a hybrid method is most effective where a top-down 
approach is taken to resolve the larger issues while a bottom-up approach is used for developing 
the more detailed levels of the design [Moshell95a, Moshell95b] 

II-D. Criteria for the Design Process 

From the processes stated previously for design, we can begin to formulate criteria for 
collaborative group design and how these criteria may guide CSCW designers developing virtual 
worlds for education: 

1) Support for a shared multimedia workspace (SMW) among the members of a design team that 
minimally support a drawing space (pictures and text), voice communications, and video. The 
SMW should support both synchronous and asynchronous interaction among group members and 
allow rapid switching between modes (drawing, voice, video) during synchronous activity 
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[Olson91). This allows designers to select the mode or modes they feel is most effective in 
expressing their ideas. 

2) Orientation and identification of each group member in the shared media space should be 
reconfigurable and optional. 

As pointed out in some studies, orientation to a shared drawing space can be both a problem and 
a resource [Tang9 l, Olson9 l]. Problems in common understanding of content arise when 
designers may not have the same view of the two-dimensional workspace and it therefore 
becomes necessary to share a common view to avoid confusion [Tang91, Shu94]. However, 
other studies indicate if a three-dimensional workspace is used, different points of view may 
actually be beneficial to collaboration [Shu94]. 

Also, identification of participants may be either an aid or a hindrance. In some instances, 
orientation or identification of other design session participants can aid in conveying context 
[Tang91, Rein91]. However, in other instances such as idea generation, identification of 
participants may introduce process losses and anonymity may enhance group interaction 
[Valacich91). 

3) The SMW should provide various mechanisms for access to editing of the shared workspace. 
These can consist of sequential access to the shared space via some "floor passing" mechanism as 
well as concurrent access methods [Rein91, Shu94, Valacich91]. 

4) A SMW should have the capability to record any and all parts of the design session for later 
review of the team with the ability to mark significant portions of the session for rapid review. 

The SMW should be capable of recording the processes of expressing the ideas (gestures, 
drawing) as well as the final idea [Tang9 l, Olson9 l]. This would also include video taping of 
session participants. 

One problem with this complete recording of the design session is that few individuals would 
want to review the entire record of a design session to find a key point or idea. One way to avoid 
this tedious review process is to allow team members to "mark" a good idea or significant point 
during the session so when the session record is reviewed, the reviewer can quickly skip to the 
markers. Various methods could be used to mark a significant event in the design session 
through use of audio (i.e., "Computer, place a marker"), keyboard input, or via another input 
device. However, such a marker should not impede the flow of the design session. 

5) The SMW should provide a capability to asynchronously seek knowledge to fill knowledge 
gaps of the design group or individual designers. 

During a collaborative design process, the design team may wish to explore concepts that are 
unfamiliar or concepts may be raised that may be unfamiliar to individuals. With these situations 
in mind, team members should have the capability to review any and all reference materials to 
gain more information. Some groupware systems, such as rIBIS, allow switching between a 
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synchronous activity such as design to an asynchronous activity such as research [Rein91]. 
However, switching out of a design session can introduce group process losses as the individual 
is no longer aware of the developing group discussion and memory. 

Therefore, some optional methods may be provided to allow for this ability to seek out reference 
material. One option would be to limit the amount of time that a user can leave the group 
discussion to access reference material. A second option could allow the team member to call up 
reference material while still participating in the group design session. A third option could 
utilize the previously discussed capability to place "markers" in the recorded design session. 
Individuals or the group as a whole could mark parts of the design session that represent 
knowledge gaps and would require seeking out reference material once the design session was 
over. This third option would allow all meeting participants to continue to participate throughout 
the session. 

I I 



III. Implementation of the Virtual "Vorld 

Implementation includes both individual and group activities with both possessing collaborative 
aspects. In a divide-and-conquer strategy of implementation, portions of the design are assigned 
to individuals to build and thus creation of the virtual world takes on an individual perspective. 
However, when pieces of the solution are put together to form the virtual world, activities shift 
from individual production to group interaction. This resembles a software development 
environment in which software developers must be isolated from changes made by other 
developers but must still be able to test their individual contributions with the contributions of 
other group members [Atria94 ]. 

In the creation of a virtual world, division of labor would include drawing and animation of 
graphical representations of characters, props, and scenes, generation of the behaviors of props 
and characters, creation of the structure of the virtual world which determines how different parts 
of the world relate to each other, and coordination of the development of the individual 
components to ensure the consistency of the design and ease the final combination of the 
components into a final product. In software engineering, this final combination stage is 
typically referred to as integration [Booch94 }. As stated earlier, these different aspects of the 
virtual world can be referred to as components or modules of the virtual world. 

Ill-A. Roles in the Implementation of Virtual Worlds for Education 

For the purposes of the discussion on implementation, we will define some typical roles to be 
filled on a world building implementation team. Typical roles will include: 

Artist - An Individual who creates two or three-dimensional graphical 
representations and animations of parts of the world as well as 
objects within the world; 

Behaviorist - An individual who develops and "programs" the behavior of active 
objects in the virtual world including characters and props; 

Environmentalist - An individual who creates the "scenes" in a virtual world, 
determines how the scenes relate to each other, and determines 
what background, props, and characters should populate each 
scene; and, 

Director - An individual who coordinates the activities of the other roles by 
keeping them to the "script" or project plan (i.e., lesson plan) or 
possibly modifying the plan to accommodate new ideas or 
limitations that arise during the design and implementation 
process. 
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From the names and descriptions of these roles, the implementation team begins to sound very 
much like a theatrical production crew. This concept of the lesson as theater is also being 
pursued by other research groups [Repenning95]. It is likely that our "production crew" is 
involved throughout the phases of design, implementation and testing as these will likely go 
through iterative cycles until the crew determines that the virtual world will satisfy the lesson 
plan. The iterative development process is a concept that has been developing in the areas of 
software engineering and particularly in object-oriented analysis, design, and programming 
[Booch94). 

Thus, individuals working on separate "modules" can be said to work independently. However, 
there is still an air of collaboration. For instance, the artist must work with the behaviorist in 
developing views of the character so that the action depicted by the animation corresponds to the 
motion or action developed by the behaviorist. 

Other forms of collaboration through individual efforts are determined by how the production 
crew is staffed. For instance, it may not be possible that students participating in these different 
roles have experience in art or programming. Thus, the student who takes on a role in a novice 
capacity must seek out assistance in developing his module for the production. This assistance 
can be obtained through review of printed or electronic documentation and references, asking 
others who are also learning the process, obtaining automated assistance through intelligent 
agents or tools which contain some domain expertise [Gelernter92, ], or seeking out human. 
subject matter experts or mentors to teach them the techniques they need to develop their 
component. These sources of domain knowledge are summarized in Table III- I. Seeking out 
subject matter experts appears to be the popular form of acquiring domain knowledge 
[Borenstein91, Nardi91, Repenning95, Shu94]. This mentoring approach is also the common 
approach for education. 

Tvne Descrintion 

I Printed or Electronic Documentation or References 
(includes Examples of Related Work) 

II Other Individuals Currently Learning the Domain 

III Automated Domain Information Retrieval and Tools 
(i.e., agents) 

IV Sub.iect Matter Expert or Mentor 

Table III-1: Possible Sources of Domain Knowledge 

Integration of the components is the second phase of the implementation process and is an 
activity that requires collaboration as well. In a sense, integration is much like seeking out 
subject matter experts to help solve a problem. However, in the case of integration of the 
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individual world components, the integration of the components is the problem and each member 
of the world building production crew are subject matter experts on their domain (artist, 
behaviorist, environmentalist, director), the virtual world component they have developed, and 
the tools they used to develop the component. Thus, each team member must educate other team 
members on the component they have developed as well as introduce them to their domain as 
they try to integrate components. Hence, they bridge the gap from one conceptual frame to 
another and collaboratively build up the virtual world toward its educational goals. 

III-B. Criteria for Impleme11tatio11 

Now that we have defined these roles and interactions, we can begin to look at how students may 
fulfill these roles, the actions they need to perform, and how we may develop criteria for the 
implementation process. 

First, let's consider the actions of the different roles. The artist may be required to model a 
variety of figures or produce numerous animation scenes for these virtual worlds. It is possible 
that a student fulfilling this role may have some basic artistic capability (or may not), but is likely 
to be unfamiliar with sophisticated commercial software packages that could be used to develop 
these graphical representations. Hence, one of the domain knowledge sources in Table III-I must 
be located. For Type I, this could be figures or animations produced from previous world 
building projects. Type IV sources would include students who have participated in earlier world 
building activities. The behaviorist, environmentalist, and director may also need to seek out the 
same type of sources. 

Thus, we can begin to see a guiding principle in the development of our implementation tools for 
virtual world building: 

The key is to let the builder-designers focus on the problem to solve (i.e., helping guests achieve 
the goal of the lesson plan) and not on the world they build or the domain knowledge or tools 
they needs to build it. 

To allow our product team to focus on the providing pathways for guests to achieve the goals of 
the lesson plan requires that the CSCW technology facilitate access to the four types of 
information sources described in Table III-I. Type I sources would require an ability to reference 
topics in any possible knowledge domain and indicate possible relationships to other subject 
areas. Tools now exist which can provide this capability today such as hypermedia interfaces for 
the World Wide Web [Fox95]. 

Type II sources would require a communal multimedia database that would allow individuals 
learning the same domain to build collaboratively on each others' growing expertise in that 
domain. This would include the ability to comment on the contributions of others and to copy 
and modify those contributions. The CSILE project provides one example of how this database 
may be implemented [Scardamalia92]. One critical enhancement to the CSILE approach would 
be to automatically inform other communal database users interested in the same domain when 
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one of those users adds to the database. This functionality becomes important during activities 
when individuals interact at the same time (i.e., synchronous activity) [Rein91). Also, ownership 
of all components should be options provided by the communal database. This not only includes 
contributions to the database such as text, figures, animations, or sound, but also includes 
ownership of comments on these contributions and hypermedia links to other domains. This 
may provide restrictions on information access, but such restrictions may be necessary due to 
resources (i.e., limited throughput capability of network resources) or the sensitivity of the 
information (i.e., student evaluations or worlds under development that are not ready for use by 
guests). Commercial packages such as Lotus Notes or KOZ provide some of these facilities for 
automatic notification and ownership [Lotus94, KOZ97]. 

Also, Type II information sources (i.e., other individuals learning the same subject matter) could 
be supported through other synchronous and asynchronous forms of communication which 
would include transmission of metalanguage (body language, facial expressions, gestures, etc. ) 
so that individuals could more effectively communicate the ideas they have just learned to other 
students of the same domain. 

Type III sources could be provided via agents or other tools that could automatically generate 
parts of the virtual world components based on encoded domain knowledge. In other words, we 
wish to automate as many pieces of the world building process as possible so the world builders 
do not need to become implementation domain (i.e .. tool) experts. Agents could also be used to 
seek out the other types of domain knowledge represented in Table III-I. Such agent search 
technology is currently being developed on the World Wide Web [Cheong96, Caglayan97]. 

Research in areas such as Visual Programming Languages (VPL) may provide additional tools to 
automate our would building process. In particular, VPLs allow a programmer to sketch, point 
at, or demonstrate data relationships and transformations rather than encoding them into a 
sequence of textual commands or symbols. This capability is achieved by either requiring fewer 
concepts to program, providing a concrete programming process, explicitly depicting 
relationships, or providing immediate visual feedback [Burnett95]. All of these characteristics 
would be valuable in automated world building tools. However, VPLs are still very domain
specific and do not provide good coordination between design, implementation, and testing 
[Snell95, Repenning95]. However, providing automated, visually-based tools that could call up 
models of previous characters (i.e., Type I domain source) or automatically generate code to 
represent the connections between scenes in our virtual world would move us closer to a focus on 
the lesson design and not the process of building the virtual world. 

With these issues in mind, let us summarize our criteria for implementation as stated previously. 
Implementation tools for world building should support the following: 

I) Provide an ability to reference topics in any possible knowledge domain and indicate possible 
relationships to other subject areas (e.g., hypermedia links). 

2) Provide a communal multimedia database that would allow individuals learning the same 
domain to build collaboratively on each others' growing expertise in that domain. This would 
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include the ability to comment on the contributions of others and to copy and modify those 
contributions. 

3) Automatically inform other communal database users interested in the same domain when one 
of those users adds to the database. 

4) Ownership of all components should be options provided by the communal database. 

5) Support synchronous and asynchronous forms of communication which would include 
transmission of metalanguage (facial expressions, posture, non-verbal sounds) [Bateson72]. 

6) Automate as many pieces of the world building process as possible so the world builders do 
not need to become implementation domain (i.e., tool) experts. Visual programming and 
automatic code generation are two possible methods of automating the world building 
process. 
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IV. Testing and Correction of the Virtual \Vorld 

The exact nature of a general testing framework for virtual worlds is unclear at this time. 
However, in studying the testing process, we must determine when testing will occur and who 
will be involved in the testing process. In the stages of virtual world constrnction prior to the 
initial release, it is likely that the world builder, and possibly cast members, will be involved in 
verifying that the virtual world behaves as designed and that it meets the original goals of the 
lesson plan. Testing will also occur when a problem is discovered in the virtual world by a guest 
or cast member that causes an unanticipated behavior that would detract from the intended lesson 
of the virtual world. 

IV-A. Types of Testing 

At times before initial release of an educational virtual world and after it has been used by cast 
and guests, various types of tests can be applied to the virtual world to assure that it meets 
specified goals. The challenge for the tool builders is to provide support for tests such that they 
can be conducted by students of various backgrounds who may have little or no knowledge of 
software engineering and testing. With this in mind, we can consider three classes of tests that 
world builders might perform on the components of the world they wish to test. These tests 
include testi11g for correct11ess, performance, and reliability. 

Tests of correctness essentially test the semantics of the system to ensure they meet the desired 
goals. Typically, in software engineering, such tests are referred to as verification and validation. 
Verification determines that the implementation performs as specified by the design and 
validation ensures that the final implementation is an accurate representation of the ultimate 
goals of the software. Figure IV-1 illustrates these relationships. 

Virtual Virtual 
Design World Implement World 

Lesson Plan 
Design Implementation 

& 
Goals 

~ (! 0 J TesVValidate TesVVerify 

Figure IV-1: Verification and Validation Processes in the Virtual World Building Process 

For the purposes of our virtual worlds for education, verification is a method that ensures that the 
world builders designed their world within the framework dictated by the design and that the 
elements in the world behave as determined by the design. This implies a test of the virtual 
world's structure and a test of behavior of the elements in the virtual world. For instance, 
strncture may be represented by the location of obstacles in the virtual world as well as 
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connections between different scenes of the world. The behavior is exemplified by the actions of 
the characters and objects in that world. In some cases, these behaviors may not be of 
importance to the lesson, but merely facilitate the experience of the guests. Yet, the object 
should behave as expected. For instance, when a character is commanded to jump, it should not 
run. The verification process for educational virtual worlds is summarized in Table IV- I. 

Structure Behavior 

Verification Do the characters, props, Do the characters and props 
environment, and other exhibit the proper behavior 
elements of the virtual as determined by the 
worlds have the proper design? 

relationship to each other as 
dictated by the design? 

Validation Are scenes in the Do characters and props 
environment accurate and behave correctly as dictated 

properly related as stated by by the subject matter of the 
the subject matter of the lesson plan? 

lesson plan? 

Table IV-1: Questions to Address in Testing Virtual World Structure and Behavior 
through Verification and Validation Processes 

Validation could also be considered as tests of structure and behavior when determining the 
correctness of the system against the original lesson plan. For instance, if the lesson was based 
on the construction of the Coliseum in Rome, then the structure of the virtual world should 
reflect this physical location through the graphical representation of the background and the 
structure of the scenes (i.e., how one "area" is related to another). In the same manner, behaviors 
exhibited in the virtual world should reflect the content of the lesson. Again using the example 
of the Roman Coliseum, props such as swords and spears should not have an ability to shoot 
projectiles since this functionality would be an inappropriate for these objects. The validation 
process for educational virtual worlds is also summarized in Table IV- I. 

Performance and reliability are features of the virtual world that are just as important as 
correctness. Negative training effects will result if the virtual environment fails to maintain a 
certain pace or does not perform the activity reliably In particular, performance would include 
testing of resource usage (i.e., computational load, memory usage, secondary storage use) and 
how the virtual world could support an increasing number of users (i.e., scalability tests such as 
latency). Reliability tests would determine how the virtual world would react to erroneous or 
unanticipated conditions. However, testing and correcting for performance and reliability 
typically includes detailed knowledge of computer hardware, software, and network 
configuration. Also, these type of tests would not necessarily enhance the knowledge of the 
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world builder in the subject matter that is the target of the lesson. Thus, the burden of ensuring 
performance and reliability should be placed upon the tools and the tool builders. 

IV-B. History of a Virtual World (Configuration Management) 

As a virtual world is used, modifications to it are inevitable. It is likely that not all errors in 
structure or behavior will be captured before the initial release of a virtual world for use by cast 
and guests. These errors will be detected as guests and cast members "play" the world and are 
tested for and corrected as they are discovered. Also, through repeated use, improvements to the 
world may be made to improve how the lesson is conveyed by the virtual world or to broaden the 
scope of the virtual world to allow additional lessons to be incorporated. 

These types of modifications to the virtual world require that a history of the evolution of the 
virtual world be kept. Such a history is typically referred to as configuration management in 
software engineering. Configuration management typically consists of four functions: version 
control, workspace management, build management, and process control [Atria94]. 

Version control consists of tracking all changes made to any portion of the virtual world. This 
would include behavioral models, graphical representations of characters, props, and scenes, and 
the structure of the virtual world itself. Sophisticated version control systems allow controlled 
access to components used and developed by multiple members of a team so they can see and use 
each others changes. 

·workspace management is the ability to reproduce the entire structure of a virtual world for a 
particular release including any items used in test and development. This requires that the 
workspace move the world builder back in time and regenerate appropriate versions of all 
graphics, audio, source code, structure, and other components of the virtual world for a particular 
release. Modifications to the particular version would also require controls on sharing and 
isolation of modifications to these components. This capability is needed so that individual 
world builders could be isolated from other modifications in progress, but can release their 
modifications to be shared with other world builders once they are complete. Also, the ability to 
view differences in versions of the world and to query for previous corrections would be useful. 
This would include viewing changes in the structure of the virtual world, graphical images of 
characters, scenery, or props, or changes in behaviors. 

Build management includes the building and rebuilding of components based on derived 
components. This capability includes the ability to produce a minimal build due to changes only 
on the object changed or changes to objects on which the original object is dependent. In 
addition, all "builds" should automatically generate a list of all components of the virtual world 
including accompanying documentation so that a world builder does not have to remember the 
components that comprised a particular release of a virtual world. 

Finally, process control determines the manner in which modifications are catalogued and 
permitted through components of the virtual world. Specifically, the process control mechanism 
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must track what is being changed and which world builder is making the change. Also, the 
process control system must prevent changes from being made without authorization or at an 
inappropriate time. Furthermore, the cataloguing and authorization mechanisms should be 
flexible to support a wide variety of development styles. 

IV-C. Co11strai11ts to Testing 

Testing involves both individual and group activities, much like the implementation phase. Thus 
constraints are very similar to those encountered in implementation. Spatial constraints are 
determined by the need of each world builder to have an individual work space that can replicate 
the current release of the virtual world whether that world is in an implementation or 
modification phase. Temporal constraints are such that world builders must be isolated from 
changes made to the group copy of the virtual world by other world builders unless they deem it 
necessary. Socially, the biggest constraints are the conflicting requirements for ownership and 
sharing. Ownership of some portion of the virtual world and the individual work space is 
necessary for the world builder to maintain focus on modifications being made or testing in 
progress. However, once testing on this component is complete, the ability to share this 
component of the world and to use other updated portions of the virtual world become important. 
The times of these private and public actions are at the discretion of the individual world builder. 

IV-D. Criteria for Testi11g 

Considering the types of tests necessary for virtual worlds and the need to monitor how the 
virtual world evolves, we now present the following criteria for testing: 

I) Provide private and public areas for testing. 

2) Provide automatic generation tools to reduce the need for correctness, performance, and 
reliability testing. 

Verification tests can be practically eliminated if automated generation tools are provided during 
the implementation activity. This would also improve reliability since the automated code 
should not generate unanticipated structure or behavior within the virtual world. Also, 
performance can be improved if the automatically generated code were optimized. Automatic 
generation should not only include generation of code to form the structure of the virtual world, 
but could possibly include automated tools to produce other portions of the virtual world such as 
animations. 

3) Provide a means to script the actions of characters and props in the virtual world to aid in 
verification, validation, performance, and reliability tests. 

Validation would still require that the virtual world behaves as anticipated by the lesson plan and 
conveys the appropriate lesson. Since testing of behavior in software systems is still an evolving 

20 



methodology [Jorgensen94], one could assume that such tests would require running through 
numerous scenarios that exercised portions of the virtual world. Such scenarios are sometimes 
referred to as use cases in object-oriented software development [Booch94]. If each world 
builder tests in his own private workspace, it is unlikely that he can operate all the characters and 
props he would need to test his changes to the virtual world. Therefore, a scripting capability is 
necessary that allows the automation of behaviors of other parts of the virtual world that are 
needed to tests the world component currently undergoing modification and testing. 

This scripting capability could aid in other types of testing as well. For those portions of the 
virtual world that cannot be automatically generated from the design, running through scripts is 
also a good approach to verify that implementation follows design. Also, to test for the 
scalability of the system, the scripting capability should allow for the creation of new characters 
and props that would emulate numerous users of the virtual world. 

4) Ability to record activity in the virtual world for later testing. 

Should a cast member (or guest) discover an error condition in the virtual world, it is necessary 
to repeat that condition for examination by a world builder or tool builder so that the problem 
may be isolated and corrected. Thus, any level of user should be able to record the activities of a 
virtual world for later playback. If the scripting capability provided in the previous section is 
available, this recording capability could be an extension for automatic generation of scripts. 

5) Support for Configuration Management. 

The world building facility should provide full support for configuration management. This 
includes the capability to maintain versions of all code, graphics, sound, or other components of 
the virtual world in addition to a list of the components that make up that release of the virtual 
world and related documentation. In addition, the testing workspace should be able to recall the 
appropriate versions of the world components and related documentation for the particular 
release of the virtual world to be examined. The world building facility should also record any 
changes made to components of the virtual world including a description of the change, who 
made the change, when the change was made, and why the change was made. This feature would 
be further complimented by the capability to view the differences between component versions in 
multiple formats with a graphical format being the default. This would include graphical 
representations of changes to images, animations, structure of the world, or other components or 
features of the virtual world. Finally, the world building facility should restrict changes to world 
components to individuals and groups of world builders as well as when modifications can be 
made to the group copy of the world. 

6) Ability to transmit testing workspace to a more experienced world builder. 

Should a world builder require assistance in testing, he should have the capability to transfer the 
entire testing workspace to another more experienced world builder to gain assistance. This 
would include a transfer of the current copy of the virtual world, any scripts in use, and any other 
facilities that the initial tester was using. 
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V. Supporting Users of the Virtual \-Vorld 

Supporting users requires supporting multiple conceptual models of the technology and how it 
should be utilized. These conceptual models can also be referred to as technology frames 
[Orlikowski92]. Primarily, we are interested in supporting students as they interact or prepare to 
interact with one another in particular "lesson-games". The support comes from teachers, world 
builders, other players, each other, the software, and the software manuals. Therefore, to 
introduce groupware technology into education through systems such as Explorenet [Hughes94], 
we must first build a link to the current concepts of technology held by the students. Yet, we 
must also be aware of the technology frames of the teachers, administrators, parents, and any 
other potential users of the groupware. 

The goal of the support is to encourage and allow students to understand the lessons being 
presented. The method of presentation is through highly engaging virtual environments built 
around a concept or concepts to be learned. These will be experienced, at least initially, on 
conventional computer monitors ("through the window") and with a standard keyboard and 
mouse. 

Let us consider the software to be supported and the implications for software development. To 
interact with the virtual world lesson, students must begin by learning a computer interface. This 
may be the first interaction with a computer for many students. They may, however be veterans 
of many lesson-games or may have even built lessons themselves. As with many software tools, 
the support for novices will vary significantly from the needs of more expert students. Novice 
users are often adept at initiating input that the program is not designed to handle or that will 
have effects not fully understood by the novice. Of utmost importance is that everything should 
be prepared, ready and robust, especially the first time the student interacts with the lesson
games. 
In other words, a highly polished and usable interface is essential. This is similar to conclusions 
drawn from the development of other group support systems such as the Andrew Message 
System [Borenstein91] Also, the students may have little capacity or inclination to deal with 
delays, software bugs, or system crashes as has been evidenced by some experiences with CD
ROM books [Kafia94]. The response time of the system affects the usability. Slow or halting 
response by the system will encourage lack of attention. These anomalies dilute the virtual 
learning experience and may interrupt any momentum students are able to develop. 

Training new students how to navigate the interface will be crucial. Following guidelines 
developed by authors of the Andrew Message System, initial usage of the software should be 
guided by default settings that should be carefully tuned for the most common novice user 
responses and expectations. Interface features more appropriately introduced to and accessed by 
expert users should not be made available without explicit user action to request them 
[Borenstein9 l, Curtis93]. Tutorials that allow only single, controlled learning path are often 
useful in the initial exposure to a software interface [Borenstein9 l ]. 

A useful concept in software systems is the idea of familiarity or "experience portability". This 
concept is largely responsible for the success of the Macintosh operating system and the Mac-like 
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Windows environment. The interfaces of different applications incorporate an extensive overlap 
of menu choices and layout so that time spent learning one application is largely transferable to 
another application on the same operating system (and even between different operating systems 
as informal standards begin to prevail). The user is thus in a position to understand how to 
navigate applications he has not yet encountered. This concept of familiarity [Raskin94] would 
be very beneficial to apply to lesson-games development where the function of the interface is to 
encourage access to the lesson. The emphasis for a student playing a lesson game can then be on 
the specifics of the included lesson and not on the interface itself. 

A requirement related to preparation is lesson approval. Though some lesson games will be 
developed by teachers, major benefits accrne as students begin to build lesson games for other 
students. The success of this approach is based on the assumption that students who are close in 
age have similar concepts of technology, but also have similar conceptual models of the world in 
general and therefore can more easily share metaphorical descriptions of the world. However, 
generation of lessons by other students will require some monitoring to ensure that lessons plans, 
course objectives, and curriculum goals are met. Therefore, Mechanisms to evaluate and approve 
the virtual lesson game before use by other students would also seem prudent [Moshell95a]. 

The students "playing" the virtual world lessons will generally be tasked with taking actions, 
understanding the results of their actions, and initiating new actions based on their 
understanding. Positive outcomes (winning) will not be produced without some level of 
understanding of the lesson(s) presented. The results or implications of the students' efforts will 
need to be conveyed in ways that clearly relate back to the students' actions. This does not mean 
that students should not be required to search for connections between actions and results. But 
ambiguous or irrational results will not serve to engage and captivate participants. 

There may be scenarios that invite students to use resources not contained in the immediate 
environment. In this manner, the engaging nature of virtual worlds may be leveraged to 
encourage research in target areas using other people, conventional library resources and "on
line" sources in order to progress in the virtual environment. This type of activity should be 
facilitated with straight forward import and export methods for information. Moreover, the 
ability to reference on-line databases and other software tools might also be beneficial by 
allowing the students to pursue additional information instantaneously when there is interest on 
the part of the user [Fox95]. 

The intellectual environment targeted for this participatory learning study contains different 
conceptual models of technology and how it might best be used. An ongoing debate concerns the 
amount of knowledge sharing and collaborative work that should be encouraged between 
students. [Scardamalia92]. One extreme, the more traditional view emphasizes independent 
work, independent thought and individual achievement. The "Do your own work" mantra of this 
view may sound familiar to most readers. 

An alternate view emphasizes the overall performance of students, where students are 
encouraged to survey and comment upon each other's efforts as they work to incorporate lessons 
collectively. Taken to the extreme, there would be no effort to track individuals contributions to 
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the groups efforts. Contributions by each member become community property. Opponents of 
the collaborative education approach might mention that on an international social studies scale, 
the results are in and we don't have to repeat the experiment. However, proponents might 
counter that an even greater experiment is taking place worldwide which may point to 
collaboration as a superior method of accomplishment. 

What does this debate mean for students interacting with participatory learning software? It 
means that, depending on the philosophy prevalent in their school system, they may be required 
to work either more independently, or more communally. Some schools may encourage group 
results at particular times while encouraging individual achievement at other times. In any 
formal educational setting, education administrators and teachers will determine how students 
efforts will be encouraged and evaluated. A successful system will have the capacity to support 
both models of thought as well as various intermediate models spanning the 
independent/communal spectmm.[Scardamalia92] As discussed in the next section, there is 
benefit in tracking individual participation and contribution, even thought it could be on an 
anonymous basis. As stated in a recent article on digital library technology, new technology does 
not replace old approaches, it merely expands the spectrum of possible methods to accomplish 
the same task [Fox95]. 

Another major influence on the use of technology in education relates to how a school day is 
organized. Some schools break the school day into 5 or 6 subject periods in which students 
move from teacher to teacher as many times. Other schools break the day in to 2 periods, each 
with a mixture of subjects, but perhaps one teacher for period. There appear to be numerous 
models to pick from [Schwab92]. A successful participatory technology will make allowances 
for these different models in support of students efforts. For example, students with short 
periods of time will benefit from systems that allow them to easily resume where they left off on 
a previous day. They may also benefit from a partial playback of their progress to date to quickly 
get them back into the lesson-game. This implies a recording mechanism. 

A mechanism for recording sessions or portions of sessions might produce useful artifacts for 
passing information among spatially or temporally separated participants. Students in one 
location might play back a session portion that shows them how another student was successful 
in a lesson. Or a teacher might record an exemplary interaction to help show students the goals 
of a lesson game. 

A concept related to saving one's space in a lesson concerns modification of the interface. If the 
interface allows various settings and layouts to be modified by participants for a more personally 
intuitive presentation, the user should be allowed to save his interface configuration and 
automatically generate it when he subsequently opens the application. (plays the lesson) This 
allows students to get on with the lessons at hand instead of re-creating their own configuration 
each time. 
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V-A. Criteria for User Support 

To summarize, let us restate our criteria for user support: 

l) Provide a highly polished and usable interface. 

2) The user interface should have default settings that are oriented to the most common novice 
user. Advanced features should not be made available without specific user action to acquire 
them so that they may gain experience at their own pace. 

3) Tutorial mechanisms should be provided to introduce users to new aspects of the virtual world 
that permit a single, controlled learning path. 

4) The interface should use concepts familiar to the user. 

5) Mechanisms should be provided to evaluate and approve the virtual lesson-game. 

6) Results of actions in the virtual world should relate back to the students' actions to reinforce 
the learning process. 

7) The interface should support an ability to reference on-line databases and other software tools 
to aid in playing the lesson-game. 

8) The interface should provide a recording mechanism of all actions within the virtual world so 
that a student may resume where he left off (i.e., the bookmark concept) or other students may 
learn by recorded example. 
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VI. Observing and Understanding Activities of Users 

This activity actually implies many activities performed by numerous types of participants within 
the educational virtual world. \Vhat must be considered as we discuss the many subacti vi ties is 
who is observing whom, why are they observing, and what are they observing. The first set of 
observers to consider are novice players trying to understand the user interface and the methods 
of more advanced players. This is an approach proposed by some groupware developers to 
introduce new users to the groupware application [Rein91, Shu94]. The novice players, in tum, 
are being observed by more advanced players (i.e., cast members) to understand how best to 
convey fundamentals of the lesson and use of the virtual environment. Observations of players' 
activities by world builders will also be useful in refinement of lesson design and virtual world 
design. Thus, the world builders can get feedback on successful or unsuccessful features of their 
creations. For instance, is the lesson set up in such a way as to encourage growth and 
development of players of different ages? Are aspects of the lesson so ambiguous or tenuous 
that they are understood by only a few players? 

Interactions between players will also be important to analyze for those studying emerging 
education paradigms such as constructionism. Types of questions that may be addressed are as 
follows: "Does knowledge flow easily between participants, or do players more or less come 
across the focus of the lesson independently?" The desirability of these aspects will depend on 
whether the observer uses independent models or collaborative models of learning as guides. 
This group is not included with the original groups of virtual world citizens, but they will wish to 
observe the evolution of these worlds and their requirements should also be considered. 

With these different types of "observers" in mind, we must now identify the nature of the 
observations. As novice users seek to gain experience, they will seek out and observe all actions 
of the experienced user (i.e., cast) to determine those actions with which they are unfamiliar and 
wish to learn. Furthermore, the cast members will observe all actions of novice users, or guests, 
to evaluate their success in achieving the lesson goal or to aid them in reaching it. Finally, the 
analysts will also be interested in collecting all actions initiated by all users for later analysis to 
determine the effectiveness of the approach for education. Each group of observers requires that 
a record of any and all actions of any user including the time at which the action occurred and to 
whom or what the action was directed. 

Though a lesson session recording was discussed previously as a tool to help students get back 
into lessons from day to day, it may also be useful in system analysis on many levels. A log of 
entire lessons may be viewed for analysis between students, or a log of students' interactions 
might be viewed for analysis between lessons. Key elements of lessons might be ported for 
statistical analysis. Such tracking mechanisms are already being developed for communal 
databases used for education [Scardamalia92]. Although tracking all actions within an 
educational virtual world may seem excessive, such data collection may be required until explicit 
group educational performance measures are developed. In an educational setting, analyzing 
recorded artifacts of interactions seems a practical way to help understand the potential and 
limitations of a collaborative learning system. This method can also be more transparent and less 
intrusive to the participants than direct observation. 
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In addition to recordings of student actions, direct questions concerning choices and rationale 
may prove useful. Instead of applying assumption and inference to explain actions or decisions 
of students, polling to record their rationale during or after participation in the virtual 
environment may reduce inconclusive results on the effectiveness of the exercise. Though this 
may be somewhat intrusive, it may be useful to flag ambiguous or misleading aspects of lessons 
for revision by the world builders. Conversely, the rationale displayed by the participant to solve 
the problems presented in the virtual lesson-model may illuminate opportunities to improve the 
lesson by incorporating new paths of action or resolution. 

VI-A. Criteria for Observation 

There are numerous types of observations that can be made for many purposes. For instance, 
observations of actions within the virtual world may be made for teaching new users how to 
operate in the virtual world, to determine improvements in the virtual world, or to analyze user 
actions to determine if these virtual worlds are effective educational tools. These potential 
"observations" motivate the following criteria: 

l) Ability to record and review all events in the virtual world. 

All these observations appear to have the common need to record any and all actions of any user 
including the time at which the action occurred and to whom or what the action was directed. 
This capability should be sufficient to support the previously mentioned observations. 

2) Ability to interview students during or after a session in the virtual world. 

Because the students' rationale for choices and actions can be useful to help illuminate lesson 
deficiencies or opportunities , the capability of capturing participant's rationale and relating it to 
the recorded actions should also be integrated into the observation and feedback loops. 

3) Ability of one student to view another students activity in the virtual world with permission. 

This is similar to the user interface design feature called "What You See Is What I See" 
(WYSIWIS) where users can share a "view" of the interface [Rein9 l, Shu94, Valacich9 l]. Such 
shared views can help transfer knowledge on the use of the virtual environment from one student 
to another. Similar approaches are used for software customer support in tools such as 
PCAnywhere and Timbuktu. However, mechanism should be in place that allow the observed 
student or an instructor to authorize other students to observe. 
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VII. General Criteria 

As we have looked at the classes of activities necessary for construction and use of virtual worlds 
for education, we have observed some common requirements. These requirements can serve as 
our general criteria in developing distributed collaborative learning environments: 

• Support for Metacommunication and Multiple Complimentary Communication Methods 

In several examples, the CSCW literature has shown that effective communication between 
individuals in a group require at least two modes of communication [Curtis93, Olson91, Tang9 l, 
Valacich9l]. Communication modes can include, but are not limited to, text, drawings non
verbal sounds (e.g., sound effects), voice, or body language (i.e., gestures, facial expressions, 
posture). One mode of communication serves as the primary communication channel of 
information while the second and successive modes provide metainformation, or semantics, to 
the primary message. These secondary communication forms can be referred to as 
Metacommunication which supply the context or intent of the message. For instance, a change 
in posture of a speaker in a meeting can supply additional information to observers. To provide 
effective communication for geographically dispersed users, we must provide multiple forms of 
communication that can be used simultaneously and easily by the users. 

•Referencing Capability (Group Memory and New Knowledge Domains) 

Virtual world building and educational lesson planning assume that information is the key 
resource. Hence reciprocal interdependence is key to the process, especially if we use a 
constructionist education model. So what are the obstacles to this information sharing? If we 
consider a design process, group members must share ideas in order to generate a group direction 
and project plan. In some cases, other information must be sought during this process (i.e., 
reference manuals, encyclopedias, almanacs, etc.). During an implementation or testing phase, 
group activity is more individualized. Yet each group member needs multiple referencing 
capabilities. First, a group member needs to have access to a record of the group's plans to 
evaluate proposed solutions. Second, access to current developments by other group members is 
necessary for a particular member to determine how they will integrate their solution later or be 
able to reuse parts of other group members solutions. Third, group members will occasionally 
require information outside the realm of the group knowledge (i.e., software manuals, 
programming language textbook, encyclopedia, World Wide Web pages, and other subject matter 
references) and this information should be able to be accessed and included into the group 
memory as part of a collaborative knowledge building process [Scardamalia92]. 

Two types of CSCW approaches can address these needs. First, a synchronous shared workspace 
is critical to support synchronous group activities (i.e., design, planning, brainstorming, or user 
support) [Tang9 l, Valacich9 l ]. Furthermore, the ability to reference the work of others or 
information outside the group (but is still relevant to the group's activity) is key. Both of these 
approaches should support multiple types of media. Thus, two support mechanisms are critical 
to support virtual world building: 
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SSMW =a Synchronous Shared Multi-Media Workspace 
ASMW =an Asynchronous SMW (communal database). 

Or more simply, the virtual world building process should be supported by a Shared Multi-Media 
Workspace (SMW) that provides both a synchronous and asynchronous capability. Furthermore, 
a SM\V should support hierarchical information constructs as well as ways to freely associate 
information between items in different parts of the hierarchy. This free association provides 
mappings to multiple domains that represent "expertise". This is characteristic of mentor
apprentice interactions which should be supported by the SM\V. Such interaction usually include 
the apprentice learning a wide variety of multiple domains (breadth), details of some specific 
domains (depth), and free associations to other relevant domains [Berlin92]. 

•Ownership 

As stated by Covey in his book "The Seven Habits of Highly Effective People", ownership of a 
problem is a means to stimulate involvement [Covey89]. If we don't have a stake in a problem, 
we are unlikely to collaborate. Thus, an obstacle we face as tool builders is to give ownership to 
an individual's contributions so that they may be credited and yet disburse this contribution as 
widely as possible so that a majority of group members will benefit. Is ownership of concepts 
critical? From the Group Systems approach we see that ownership may actual constrain group 
member interaction [Valacich9 l]. However, other group support systems provide ownership of 
all data items [Curtis93, Lotus94]. To provide this capability in an educational virtual world 
would imply that ownership must be associated with every data element including text, audio, 
graphics, links made between items as part of the collaborative knowledge building process, or 
comments made upon contributions to the communal database [Scardamalia92]. Yet we still 
need to know why these things were added to the group memory and how they could be used to 
evaluate the learning process. Therefore, it may be best to provide ownership of data items as an 
option to be exercised by the world building group. 

•History, Logging and Commentary 

If we allow any group member to add items to the communal database (in our case, the virtual 
world is one aspect of this database), then we need to provide information to describe why this 
information was added and how it fulfills the group objective (i.e., the learning plan). We need 
to provide a path of learning (right and wrong paths) for group members and others. These 
documented paths allow group members to self evaluate, allow the group to evaluate overall 
progress and to develop communal knowledge, allows observers to analyze a group's learning 
process, and provides a means to mentor new guests, cast members, or even the tool builders 
[Scardamalia92]. In software development and maintenance, such mechanisms are typically 
referred to as configuration management. 
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• Optional Group Constraints 

It is still unclear at this time as to what type of constraints should be imposed upon a group 
interacting via a CSCW system or if constraints should be placed upon them at all. Some CSCW 
systems impose very strict controls upon group interaction while others seek to support numerous 
possible group processes with constraints left up to the group [Valacich91, Rein91]. Therefore, 
system constraints on identification, ownership, communications modes between users, and other 
features should be optional where possible, but the chosen constraints should be applied 
consistently to members of the group. 

• Multiple Classes of Users and Self-Organizing Groups 

Several systems we have observed (LambdaMOO, Lotus Notes, CSILE, KOZ) provide different 
classes of users which represent various classifications such as levels of expertise with the 
CSCW system or project teams. Typically, such classes allow access to different amounts of 
system resources, number of system privileges, and number of capabilities provided to an 
individual user. Thus, by supplying methods to classify groups of users within the system we can 
better manage the needs and maintenance of the system. However, groups and subgroups should 
be allowed to form autonomously on the system which allows users to pool their resources. 
Also, users should have some mechanisms which allow them to advance to the next user level 
via a request mechanism and tutorials. 

• A Flexible Reconfigurable User Interface 

The benefits of a configurable user interface is recognized in several group support systems 
[Borenstein91, Curtis93, Lotus94, Olson91, Raskin94, Rein91]. In particular, a user interface 
must be capable of being reconfigured in the following ways: 

- Group Affiliation: All group members in an Idea Generation phase should have the same 
orientation to shared workspace [Tang91). Optionally, some design processes may benefit from 
different views of the same workspace [Shu94]. 

- Personal Work Preferences: Current user interface design in products such as Netscape or 
Microsoft Word indicate that customizing a user interface to personal preferences can enhance 
the usability of the system for an individual. 

- Access to Shared Work Spaces: The interface should accommodate various "floor passing" 
mechanisms that may be used by a group to mediate access to the shared workspace [Rein91, 
Shu94). 

- Change in User Level and User Capabilities: The level (or role) of the user should determine 
tools and services available to that user [Curtis93, Lotus94]. 
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- Notification of Subscribed Events: Users may wish to know when parts of communal database 
are updated, when email arrives, or when someone is attempting to locate them in the virtual 
world [Curtis93, Lotus94]. 

- Change of Ownership: If a user has a problem, he may wish to transfer ownership of his 
workspace to a tool smith, world builder, or other subject matter expert to aid in solving the 
problem. 

The user interface should also have default settings for each of these configurations that would be 
suitable to a novice unfamiliar with these features. 
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VIII. Conclusion 

In classifying the activities of building virtual worlds to support a constructionist educational 
model, we have developed criteria that world building tools must support to make this process 
more effective. In particular, we have identified criteria for each phase of educational virtual 
world construction and use: design, implementation, testing, support for users, and observations 
of users. Through developing each of these sets of criteria, common themes have emerged which 
have become the general criteria throughout the world building and use processes. These general 
criteria are the consistency mechanisms that tool builders should address when developing world 
building tools. 

Due to the complexity of the criteria for the activities in design, implementation, testing, 
observation and support, the emphasis for prototyping has been on the virtual environment 
design and implementation activities and development of the CSCW infrastructure. Prototypes 
of the world building tools have been in development through the summer. As observed in 
related projects [i.e., Borenstein9 l]., it is likely that these future distributed collaborative learning 
environments will require several iterations in design in order to become effective. 
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