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Critical Thinking in a Distributed Environment-:

A pedagogical base for the design of conferencing systems
Thereis a strong movement in education today away from a predominantly didactic model of instruction and

toward a learner-centered model where the learning activities involve students in inquiry and problem solving,
typically in a collaborative framework. The strength and breadth of this shift in the pedagogical landscape has been
quite dramatic if we areto judge by the policy recommendations arising from national education organizations
(AAAS, 1993; Brooks & Brooks, 1993; NCTM, 1991) or by an examination of the shifting focus of educational
research. It is only recently, however, that similar calls for reform in post-secondary education have begun to grow
as legislatures and national associations begin to question the quality of classroom experiences (Braxton, Eimers, &
Bayer, 1996; Cooper, Prescott, Cook, Smith, & Mueck, 1990; The Wingspread Group, 1993).

Aswith primary and secondary schools, there is pressure for higher education to become more learner-
centered. Despite this trend, university faculty have been slow to adopt these "new" learner-centered approaches to
instruction. Braxton et al. (1996), in an assessment of faculty norms, found that there was little expectation among
faculty to read or learn about teaching methods. In fact, their work revealed minimal indicators of anorm
supportive of an egalitarian classroom in which it was acceptable for students to express views different from the
instructor or direct comments to other members of the class. The lecture mode, involving direct "transmission of
knowledge" with minimal student contribution, dominates not only the practice in faculty teaching but also the
norms for good practice. There are exceptions, of course. Many small, liberal arts schools, for example, have a
tradition of promoting critical thinking both in and out of the classroom (Fischer & Grant, 1983). However, the
more common practice and expectation is that of alecture-based environment.

In fact, arecent study by Nunn (1996) provides what we consider rather depressing data indicating the
predominance of non-interactive, lecture based instruction. Nunn examined 20 faculty teaching upper division
coursesin apublic university. The faculty were selected based on high student ratings and general recognition for
the quality of their teaching. The courses were all in the humanities or social sciences and had an enrollment
between 15 and 44 students. Furthermore, 73% of these students reported that the course was in their major. In
effect, the reputation of the faculty, the level of the courses, the subject matter, and the class size were all optimal
for creating a highly participatory, |earner-centered environment. Y et, Nunn found that, averaged across all classes,
student discussion took up only about 2% of class time. The discussion that did occur tended to be almost entirely
teacher-directed rather than learner-centered. That is, contributions by the students tended to be in response to the
teacher questions, consistent with the normative findings of Braxton et al. (1996) described above.

These normative and performance data do not necessarily reflect faculty opinions of what ideal or desirable
learning environments should be, but rather they simply reflect the reality of classroom instruction. We assume that
most faculty are interested in engaging students in meaningful dialogue in the content domain. There are too many

examples of faculty spending extended periods in discussion with students outside of class time (e.g., during office

- This paper was originally published as: Duffy, T. M., Dueber, B., & Hawley, C. L. (1998). Ciritical
thinking in a distributed evironment: A pedagogical base for the design of conferencing systems. In
Bonk, C. J., & King K. S. (Eds.). Electronic collaborators: Learner-centered technologies for
literacy, apprenticeship, and discourse. Mahwah, NJ: Lawrence Erlbaum Associates.
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hours) to believe otherwise. However, how does one carry on ameaningful discoursein aclass of 40? Itisonly in
an academic environment that we even consider that a meaningful discussion can occur with agroup larger than ten
or perhaps fifteen.

A second "reality” of the impact of the undergraduate classroom on the opportunity for meaningful discussion
isthe time available for meeting: the typical class meets only 2.5 hours per week. Given the joint constraints of the
class time available and the size of the class, afaculty member must weigh the alternatives of spending that brief
timein discussion that is likely to be superficial because of the number of studentsinvolved or in presenting awell
designed (from the faculty point of view) lecture that he or she believes will help students understand the compl ex
issuesin thefield.

In sum, we are confident that a highly interactive, learner-centered environment is aworthy goal in
undergraduate education (or in any education or training environment) in terms of the quality of the learning
experience (Astin, 1993; Johnson & Johnson, 1993). Interaction is valued as a vehicle for developing, through
mentoring, the critical thinking skills of students. Furthermore, we assume that most faculty agree with this premise
but are unable to see it as viable with the typical class size and limited meeting time of classes. Of course, faculty
can assign collaborative inquiry tasks to be completed outside of class time (or even during class time). However, it
is difficult in the classroom, and impossible outside of the classroom, to monitor collaborative discussion and
critical thinking. Therefore the faculty can neither coach nor assess the inquiry. It isonly the final product of
inquiry that can be reviewed.

It isfrom this perspective that we focus on the design and use of network-based "conferencing” toolsin this
chapter. We view the large number of conferencing tools that have become available, particularly viathe World
Wide Web, as offering the opportunity for discussion to occur outside the classroom as well as providing an
opportunity for the instructor to coach, participate in , and evaluate such discussion. Electronic conferencing
systems allow the instructor to:

observe students' contributions to the discussion,
include transcripts of the discussions in a portfolio for feedback or grading,
participate in the discussion to model critical thinking skills,
interject questions and comments to coach critical thinking,
provide expertise in atopic area when such input is required.

In essence, the instructor can mentor and evaluate the critical thinking skills exhibited in out-of-class
discussions. It isthis potential of electronic conferencing systems that we find so exciting. There is an opportunity,
not just in small liberal arts colleges, but throughout the post-secondary educational system, to create learner-
centered classrooms that require and "teach" critical thinking.

Clearly the development of these conferencing tools, along with the ability to supply information resources
using the World Wide Web, provides a new perspective on what can be accomplished in college courses and begins
to blur the distinction between residential and distance learning environments. While the World Wide Web can
provide new opportunities for rich, distance learning environments (Dolence & Norris, 1995; Harasim, 1990 ; Hiltz
1997), the same features can also provide new opportunities for increasing the quality of on-campus learning

environments. We raise the issue of distance versus on-campus courses here only to note that the opportunities to
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mentor and evaluate critical thinking in a domain or particular course through the use of conferencing systems
applies equally to on-campus and distributed environments'.

Our concern in this chapter isthe design of electronic conferencing systems that support both critical thinking
and the mentoring of critical thinking. We have found that computer-based conferencing systems are typically
distinguished only by whether they are synchronous or asynchronous — whether the discussion isin real time or
not. There is a common assumption that discussion is an undifferentiated activity — all discussion is the same and
we simply need atool that allows"it." Thereislittle consideration given to different kinds of discussion, the goals
people have for discussion, or the impact of the design of a conferencing system on achieving the goal of the
discussion.

We take the position that critical thinking is a particular type of goal-oriented activity that focuses on issue
analysis and problem solving. Since particular skill requirements are associated with effective critical thinking,
conferencing systems must support the use of those skills. Furthermore, because students must develop critical
thinking skills, conferencing systems should support the mentoring of critical thinking. In the next section we
examine the characteristics of critical thinking. From this discussion we will develop aricher understanding of
what isrequired to support critical thinking in the collaborative inquiry process. We will propose an approach to
the design of an asynchronous tool that highlights some features we feel are critical to supporting and promoting

collaborative inquiry.

Critical Thinking and Reasoning
A myriad of terms have been used to describe the focus of our interest: critical thinking, informal reasoning,

informal argumentation, critical reasoning, inquiry, abduction, induction, etc. (Ennis, 1962, 1989; Facione,
Sanchez, Facione, and Gainen, 1995; Paul, 1993; Kuhn, 1992; Barrows, 1993). We are not particularly interested in
fine distinctions between these terms since we feel they all apply to the learning environment of our focus. In
essence, we see inquiry as akey component of most learner centered environments (Savery & Duffy, 1996;
Rochelle, 1992). By inquiry, we mean that the learner encounters a puzzlement or a perturbation of their
expectations — something they cannot explain and that puzzles them?. This inquiry process has been described as
both inductive and abductive reasoning (Shank, 1987; Voss, 1991). In either case, the learner must generate
hypotheses, gather and evaluate evidence, consider aternatives, and come to areasoned position on theissue. In
essence, the learners must build an argument for their position. Of course, as Paul (1993) has noted so forcefully, it
isnot just the carrying out of these inquiry activities but it is the quality with which they are carried out that
determines the quality of the critical thinking.

Critical thinking is seen as an essential skill for successin our society and has been heralded as a need not
only in the Goals 2000 (REF) but in most curriculum analyses and in statements from the corporate sector.

However, Kuhn (1992), has found critical thinking skills at a considerable deficit among a population of average

1 We distinguish between distance education where students are at a distance from campus and distributed
education. The fact that the learning activities and technology support can be used with students on campus as
well as students at adistance is generally referred to as "distributed education” (Dolence and Norris, 1995;
Oblinger and Maruyama, 1995).
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adults reasoning about common societal problems. Further, the National Assessment of Educational Progress

(1981), in reflecting on the performance of studentsin discussing readings they had just completed, notes:
Students seem satisfied with their initial interpretations of what they have read and seem
genuinely puzzled at requests to explain or defend their point of view. As a result,
responses to assessment items requiring explanations of criteria, analysis of texts or
defense of a judgmental point of view were disappointing. Few students could provide

more than superficial responses to such tasks, and even the "better” responses showed
little evidence of well developed problem-solving or critical thinking skills. (pp. 28-29)

Our goal isto support students in collaborative inquiry which involves making sense of some problem or
issue that puzzles them and building arationale argument in coming to their position. While there are many
features of such a system that must be considered, the overall design must be informed by a clear understanding of
the collaborative inquiry process we seek to support. We have identified four dimensions of critical thinking and
inquiry that have informed the design of the conferencing system we are beginning to build: 1) the common beliefs
and goals that define the scientific community; 2) the structuring of inquiry; 3) the elements of argumentation; 4)

the quality of the reasoning; and 5) collaboration in inquiry.

Beliefs and Goals
While inquiry always entails seeking understanding or resolution of some issue, the beliefs and goals underlying

the process, and hence, how it is conducted, can vary significantly as afunction of discipline. Bereiter (1992)
contrasts the assumptions underlying inquiry in the political, philosophical, scientific, and judicial communities.
For our part, we see scientific inquiry as most pervasive across the disciplines and the most central educational
goal. Bereiter (1992) distinguishes the scientific approach to inquiry by the commitment to:

work toward a common understanding satisfactory to all,

frame questions and propositions in ways that enable evidence to be brought to bear,

expand the body of collectively valid propositions, and

allow any belief to be subjected to criticism.

These goals and beliefs can be contrasted to the political process where compromiseisthe goal aswell asthe
legal process where winning isthe goal. The inquiry process calls for individuals to value and use alternative
perspectives to test their ideas and expand their understanding. Here, coming to agreement arises not out of
compromise or avote but through gathering additional evidence to evaluate ideas as well as seeking overall

parsimony and robustness.

Structure of Inquiry
What is the structure of inquiry or problem solving? What is it that individuals might not know or might forget

about problem solving? There are many ways of characterizing the structure — each problem-solving model hasits
own representation of the process. (Bransford, 19 ; Hayes, 1995; who else). However, at abasic level we can

define five components:

2 Perturbation of the learner is essential. Their puzzlement is the basis for their assuming ownership of the
learning activity, i.e., for the environment to become a more learner centered environment.
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Define the problem.
First the problem solvers must identify the problem. Even though it is stated, there is a need to consider the

constraints around the problem, new meanings that might arise from rephrasing the problem, and the waysin

which it might be focused or expanded to provide a better understanding of the issues.

Develop and evaluate solution alternatives.
In seeking to develop a solution or position on the problem, they must generate possible solutions and critical

issues, evidence, and counterproposals to be used in evaluating and fine tuning those possible solutions.

Come to some resolution.
There must be an active evaluation to the alternatives, moving toward resolving the problem using the best

understanding of the moment.

Developing a plan of action.
The solution must be acted upon in some way. This may involve writing a paper that is an argument for the

position or it might involve an implementation of a plan.

Reflect on the process.
Finally, it is essential that there be areflective process to eval uate the effectiveness of the problem solving and

to synthesize, evaluate and index what was learned. Thisisacritical learning activity that istoo often ignored.
Reflection is essential not just for school environments, but for any problem solving activity if the goal isto
learn from and capitalize on the experience. In business, it is generally referred to as "debriefing" on the

project or engagement.

Of course these five components to not play out in alinear fashion. Evaluating potential solutionswill almost
certainly lead to new thoughts on problem constraints or parameters as well developing aplan. And of course,
developing a plan can easily lead to seeing entirely new solution options. Rather than specific phases, these five
components can be thought of as essential focus points for critical thinking in any problem solving activity. A
conferencing system that supports critical thinking and inquiry should make these components of the inquiry

process visible to the learners and support the learners in organizing their thinking around each component.

Elements of argumentation
When we suggest that each of the above components of problem solving are afocus for critical thinking, we arein

essence arguing that each isafocal point for argumentation. As previously discussed, critical thinking involves
building an argument for a position with that argument considering evidence and counter arguments. In examining
an argument, there are certain elements we look for as forming the foundation for critical thinking. Toulmin (see
Toulmin, Rieke, & Janik, 1979), in one of the most established models of argumentation, identifies the elements as:
claims, warrants, grounds, backing, and rebuttals. Voss and his colleagues (V oss, Fincher-Kiefer, Wiley, & Silfies,
1993; Voss & Means, 1991; Voss & Post, 1988) have used this framework in a series of studies of the informal
reasoning of individuals about ill-structured problems. From a pedagogical perspective, it isunclear that a detailed
system like Toulmin's would be useful. As the research discussed earlier (Kuhn, 1991; Perkins, 1992) suggests, the
needs are so fundamental in this area that we would have a clear successif there was simply a consistent
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consideration of evidence and counter-arguments for hypotheses. How often have we heard "Well that is what |
think." as THE basis for taking a position — as if simply thinking it makes it the best solution.

In summary, acritical thinker will develop a strong argument in defining and interpreting the problem, in
developing and evaluating solutions, in developing a plan based on a selected solution, and in reflecting on the
learning outcomes. In each case, the essential elements of an argument that we will focus on are: hypotheses,

counter-arguments, and evidence.

Quality
Richard Paul (1993) has fervently argued that we have too often focused only on the structure of thinking —

judging it as "good" if the structural components are present, e.g., an argument is good if the individual presents
evidence. He argues that the word "critical” in critical reasoning refers to the quality of the reasoning. Hence, it is
not just the structure and elements of the reasoning process that should be the focus, but also the quality of the
argument and the sense it makes, e.g., the quality and credibility of the evidence source and how well it supports
the argument. Educators must assess the quality of the individual's analysis of the problem, the quality of the
counter arguments, and the quality of the evidence and the use of that evidence. Paul (1993) proposes such
indicators as clarity, precision, specificity, plausibility, accuracy, relevancy, significance, logic, depth, breadth,
completeness, adequacy, and consistency be used in judging the quality of critical reasoning. In the case of problem
solving, Paul (1993) suggests the following indicators of quality to judge the student’s problem solving:

evaluating information for relevance

constructing plausible inferences

accurately identifying assumptions

distinguishing relevant points of view

distinguishing significant from insignificant information.

Collaboration

Working with other people in the inquiry processis a context considerably different from individual inquiry and
those differences must also be taken into account in the design of an electronic support system. In reflecting on our
teaching in alearner-centered environment, our experiences in committee meetings, and in some recent pilot
research on expert collaborative reasoning conducted in our laboratory,?® it became evident to us that two distinct
types of interactions occur in the collaborative problem solving process: 1) conversation and 2) issue-based
discussion. In effect, the structure and quality of critical reasoning discussed in the previous sectionsis only a part
of the collaborative process.

The foundation of group work, we propose, is conversation: we talk to each other to explore issues and seek
common ground. Conversation is the general discussion between team members in which there is assessment of the
group knowledge base and perspectives relevant to the problem. It is primarily "me"-centered — featuring alot of
"Hereiswhat | think" types of comments made in response to an issue presented. In conversation, thereis often a
seeking of common ground in terms of meanings of statements and beliefs in the broad domain of the problem.
Thus, topics arise as individuals think of them, rather than through an inquiry process. In these conversations there

isalot of talking past each other, with each individual wanting to make his or her views "known." As such,

3 Conducted by Barbara Maynes and Heather Sugioka
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conversation is exploratory rather than systematic. In addition, topics can change rapidly with little obvious link
between topics and the most important topic or issue is what was brought up most recently — statements from five
minutes earlier are, for the most part, lost.

Educators have typically eschewed this type of conversation among students. Students are criticized for
talking past each other and for not systematically analyzing the issue. While we agree with this assessment, we
want to argue that this sort of exploratory posturing is a necessary part of the collaborative problem-solving
process. Reflection on virtually any committee or other collaborative problem-solving effort we have been involved
in reveals that the free exploration of arange of topics, driven by personal interests and focused on "Here iswhat |
think" statements, is an integral part of the activity regardless of the expertise of the participants.

We suggest that issues to be discussed and analyzed in detail arise out of these conversations and become the
basis of more focused discussion and systematic analysis. In contrast to conversation, issue-based discussion is
focused on moving to the development of the recommended solution or plan. Unlike the temporal flow of a
conversation, the issue-based discussion is organized around important issues. The issue-based discussion is
focused on hypotheses or issues relevant to the final product. In effect, the issue is examined in detail, with
evidence, counter arguments, and alternative positions all being brought to bear. Unlike the conversation’s
exploratory nature, issue-based discussion is product focused. It isin an issue-based discussion that we attend to
both the argumentation elements and quality of critical thinking. And also unlike conversation, Comments from
earlier in the issue-based discussion remain relevant and are organized around the issues.

For all the reasons already discussed, we believe that a system to support critical thinking and inquiry must
support both the conversation and the issue-based discussion. Further, we think that there is aneed to link the two
types of discussion so participants can review the context from which the issues arose and move back and forth
between the issue discussion and the conversation. It iswith these beliefs in mind that we are progressing toward

the development of a conferencing system that supports critical thinking.

A Pedagogical Model for Collaborative Critical Inquiry
Before turning to the design of conferencing systems, we will briefly examine one of the most widely discussed

models for supporting collaborative inquiry in the classroom environment: problem based learning (Barrows, 1992,
1994; Savery & Duffy, 1996). The PBL framework, as described by Barrows, provides awell documented model
for addressing many of the critical thinking goals described in the previous section. In this sense, the design of the
PBL classroom environment can serve as a benchmark for the design of a distributed inquiry environment.

Problem based learning (PBL) is perhaps the most widely applied approach to teaching in which the focus of
students activity is collaborative inquiry and the teacher is amodel and coach for critical reasoning (Barrows, 1989;
Barrows & Meyers, 1993; Milter & Stinson, 1995; Savery & Duffy, 1996). In PBL, students working with a
facilitator in teams of about five are presented a problem or issue that they must analyze and gather data on with the
goal of developing aresponse or recommended solution. There are two types of PBL sessions: (1) collaborative
problem-solving sessions; and (2) self-directed learning sessions. Both kinds of sessions require learners to gather
information in order to develop, reject, or defend hypotheses as well as explain aternative solutions. Our focus here

is on the collaborative problem-solving sessions.
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In the collaborative problem-solving session, the group members in a face-to-face collaborative environment,
use what they know to generate and evaluate hypotheses and to determine what else they must learn to refine or
evaluate their hypotheses. One member of the problem-solving team is often identified as the scribe who records on
the white board the "important” points that are made in the conversation. The white board is divided into three
parts: hypotheses, what we know, and learning issues (Savery & Duffy, 1996).

Using the framework for critical inquiry we have discussed above, there is both conversation and issue-based
discussion in the problem solving session. The oral discussion is a conversation that is reasonably unstructured and
moves in many directions. Asin any meeting, the students discuss the problem and exchange perspectives on a
range of issues and topics related to the problem. As discussion progresses, statements that the team considers
"important" or recorded on the board as hypothesis/issue, data, or learning issue. It is these recorded statements that
the team will return to and systematically analyze in putting together their proposed resolution of the problem. The
use of the board provides the mechanism for moving from the temporal, conversation mode in the group discussion
to an issue-based discussion where the PBL dialogue and the representation on the board are organized around
hypotheses and key issues to be considered.

The teacher plays acritical role in facilitating the inquiry process. While there are alternative structures for the
inquiry process, the most typical model as described by Barrows (1992) is a hypothetical -deductive approach.
Hence, in moving into the issue-based discussion, the facilitator encourages students to generate hypothesesto be
evaluated — rather than beginning by generating alist of what they know. As hypotheses are generated, evidence
for evaluating the hypotheses (either known evidence or that which must be gathered) isidentified. Unfortunately,
PBL lacks aformal process or notation system for addressing the analysis of the problem, though such analysis
does arise as part of the problem-solving process. PBL does, however, formalize the reflective process: the
facilitator directs a post-problem discussion in which students evaluate both the process and the content that was
learned.

The quality of critical thinking is modeled by the facilitator who asks important questions that model good
reflection and critical thinking for the students. The facilitator has two goals in facilitating critical thinking. First
there is the concern with the quality of the analysis. In this context the facilitator |ooks for the students to analyze
the problem constraints and parameters, to provide or identify needed evidence related to hypotheses, to compare
alternative hypotheses in terms of satisfying the goa's, and to consider implications of proposed solutions. The
questions the facilitator will model or coach if they do not develop naturally are:

Do | know of evidence to support or refute that idea?
What evidence should | seek?
How does that relate to the problem/solution?
Can we approach this problem another way?
What do we have to do next ?
What do we know so far?
Can | organize what we have done so far?
What seemsto be standing out in all of this?
It isalso important for the learners to be able to understand whether or not they are active contributors to their

group’s conversation. While each individual should be asking the sorts of analytic questions outlined above, they
should aso be monitoring their understanding of what others are saying and be prepared to ask questions if

clarification is necessary. Hence the questions the facilitator would look for or coach are oneslike:
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Do | understand the terms that were used?
How does that fit into the discussion?
What are the implications of that statement?
Conversations, as we noted and as we have all experienced, can go in many directions and certainly it can get

off track. It is exploratory! One of the most effective strategies for developing order and focus out of the
exploration isto attempt to summarize what has been discussed. Hence individuals and the group as awhole should
periodically ask the questions:
Where are we in relation to devel oping a solution?
What are the key ideas and issues we have been talking about?
As noted, the PBL model can provide benchmarks for the design of conferencing systems to support students
at adistance. In particular, the PBL approach supports both exploratory conversation and issue based analysis --
and provides for moving back and forth between the two. Thereis also afocus on coaching the learnersin effective

problem solving skills and effective collaborative skills.

Technology to Support Collaborative Inquiry
Scardamalia and Bereiter's (1991) computer supported intentional learning environment (CSILE) provides

technological support for the issue based discussion in critical inquiry. CSILE was designed as a database system in
which students conduct their inquiry in science. The original CSILE design used a simple database concept in
which student could look at, for example, responses to a hypothesis that was made or see what contributions
another student has made. Recent efforts have moved CSILE to a Web based environment in which all
contributionsto an inquiry are visible in a branching, web-like representation (Hewitt and Scardamalia, 1997;
Hewitt, Scardamalia and Webb, 1997). A key feature of both the original and the Web based CSILE isthat students
are required to label their contribution to the inquiry. As an example, one set of the labels used in a CSILE-based

(LI "

research effort includes: “what | need to know”, “what | need to understand”, “high level question”, “new
learning”, “plan”, “my theory”, “new experiment”, “conclusion”, and “ synthesis’ (Oshima, 1994). The labels serve
to mentor students in the elements of inquiry in away analogous to the facilitator in the PBL environment. That is,
the students must think about how their entry contributes to the problem-solving effort.

CSILE research efforts have focused on the computer-based entries, i.e., the issue-based discussion. However,
even in the Web-based applications, students are al in the same classroom. Thus we assume there is considerable
oral conversation (as defined earlier) about the problems. We would hypothesize that this oral conversation isa
critical component in the success of the more formal issue-based discussion that occursin the CSILE system.
Indeed, recent research from the CSILE lab (Hewitt, Web, and Rowley, 1997), in evaluating the effectiveness of
the Web-based representation, describe considerable teacher-student and student-student face-to-face interaction
that appears to be central to the successful use of CSILE. Thusthe CSILE approach can extend the critical inquiry
outside of the classroom in a distributed environment, but face-to-face contact in support of the conversational
component of collaborative inquiry is essential to the success.

The Collaborative Visuaization (CoVis) project (Edelson & O'Neill, 1994) at Northwestern University
developed a Collaboratory Notebook that is similar in function to the CSILE system but is meant for use at a
distance. In essence, students in different high schools use the Notebook as the vehicle for collaborative inquiry

about a science problem. Aswith CSILE, CoVis students must label how their entry contributes to the inquiry. The

10
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labels used in the Notebook include “Information”, “ Commentary”, “Question”, “ Conjecture”, “Evidence for”,
“Evidence againgt”, “Plan”, and “ Step in the plan” (Edelson & O'Neill, 1994). Aswith CSILE, thislabeling
process captures some of the coaching function of the facilitator in the PBL environment.

The Collaboratory Notebook is arelatively new product so thereis not yet extensive data on its effectiveness.
However, based on our earlier analysis, we would predict that students will find the Notebook difficult to use if
thereis no additional support for the conversation from which issue-based discussion arises. Fishman (personal
communication, 1997), a project manager for the CoVis project, confirms our perspective in noting that, “When we
designed the Collaboratory Notebook, we always believed that there would be other forms of communication
surrounding its use, e.g. synchronous tools like Cruiser.”

While CoVisand CSILE are important products to the use of computer-based collaboration, they have distinct
limitations if used in the context of distance learning. The lack of atool to support conversation, for example, could
cripple a problem-solving effort. There are, of course, dozens of Internet based conferencing systems. However,
CoVisand CSILE are the only two that seem to make any attempt to address the pedagogical goals of supporting

student inquiry. It isthe limitations of these systems that has led us to the development of a new system.

Supporting Collaborative Inquiry at a Distance
At this point, we turn our attention to the design of a networked conferencing system (including both tools and

processes) which supports collaborative critical inquiry in any distributed environment: at adistance or asa
supplement to face-to-face meetings. Consistent with the PBL framework and with most on-the-job problem
solving teams, we are designing under the assumption that the system will be used by small groups (3-10 people)
collaborating over aperiod of severa weeks or more with little or no face-to-face communication. We are currently
involved in the design and implementation of a portion of such a system that we refer to as ACT (Asynchronous
Collaboration Tool), a WWW-hosted, asynchronous, text-based conferencing system. We are currently beta testing
the two types of conferencing systemsin ACT, but it should be recognized that all of the features outlined in this
chapter have not yet been implemented. In particular, we have not yet built the links between the conferences; this

isawork in progress.

Design goals.
The ACT project is an attempt to use the theoretical underpinnings of critical inquiry already addressed in this

chapter to drive the design of artifacts and processes which can be used to support small-group collaboration.
Through this effort, we hope to better understand both the general nature of small-group inquiry and the practical
considerations of conducting such inquiry in an asynchronous environment. Let us emphasize that while our design
goals are focused on smoothly supporting those activities necessary to the process of critical inquiry, we are not
attempting to make inquiry itself “effortless’. We firmly believe that critical thinking is an effortful, often difficult
process and we seek to both encourage it through the inclusion of specific tools related to inquiry and support it
through enabling focus on the process and structure of the inquiry.

Our design strategy can be distilled into four main goals:

11



Duffy, Dueber, & Hawley: Critical Thinking in a Distributed Environment

Focusthe user on problem solving.

The process of critical inquiry must drive the basic design of the system. Students must be purposefully engaged in
analyzing the problem, generating possible solutions, gathering evidence, and systematically evaluating the options.
The various phases of the problem-solving process must be visible to the learner, and the analytic process in those
phases must be at focus. Related discussions and off task discussions must be separated from the primary problem
solving activity. By providing distinct areas for on-topic conversations and issue-based discussions, we attempt to
make the problem-solving process itself alittle less transparent to the user. The goal is to remain cognizant of the
task at hand and indeed, guidance to the user should focus on the inquiry strategy at least as much as on the
mechanics of using the application. The design goal is to lead the user towards a more focused dialogue in the

groups work areas.

Promote attention to and reflection on the argument and the goals.
Helping students attend to the quality of an argument (their own or that of another) is critical to the learning
process. Indeed, as the work of Paul (1993), Kuhn (1991), and others has demonstrated, children and adults remain
largely unaware and inattentive to the quality of an argument — responses tend to be gut level reactions based on
belief systems, not on hard evidence and logic. Using Schon's (1987) framework, our design goal is to promote
both reflection-in-action and reflection-on-action. We want individuals to be reflective of the argument and their
contribution to the argument in the action of making their contribution. If they are analyzing a problem they must
be thoughtful of the way in which their contribution fitsinto an effective argument. But we also want the
individualsto reflect on the ongoing discussion quite irrespective of their impending contribution. That is, aswe
discussed in the case of problem based learning, there is an important activity of taking stock of where the group is
in the process. Whether it is a conversation about the problem or an analysis of the issues, we want encourage

reflecting on the overall activity, asking and providing their answer to questions like "where are we now", "where
should we be going next", " how well are we doing in our analysis/discussion”. We want to permit the students to
easily see what has happened and we want to facilitate their instantiating answers to questions like these as part of

their participation in the inquiry.

Provide appropriate structuresfor each communication need.
Collaborative inquiry isacomplex activity involving avariety of types of interactions. Social conversation, for
example, is, by its nature, unstructured and without explicit focus. Scientific discussion, on the other hand, is
topically-organized and requires the ability to engage in very well-structured exchanges built around a common
core of data and hypotheses. In between lies communication which addresses a problem holistically: brainstorming,
problem definition, question-generation, etc. By examining the needs of each type of communication, we hope to
build an electronic space appropriate for each type of interaction which can support the necessary organization

without becoming a burden to the users as well as support movement of information between the spaces.

Support coaching by a facilitator.
One of our central goalsin this design effort is to help individuals develop effective critical thinking

and inquiry skills. We have no doubt that a facilitator plays an essential role in this activity. In
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essence, it simply is not possible to build all of the PBL facilitator responsibilitiesinto a
conferencing system. Thus, adesign goal isto aid the facilitator or teacher in monitoring the
problem solving activity in away that will enhance his or her ability to offer constructive guidance

on problem solving and critical thinking to the group as awhole and to individual participants.

Key design features
We have identified two communication styles (conversation and issue-based discussion), several communication

needs (social, administrative, brainstorming, in-depth hypothesis examination, etc.), and adesire to organize and

archive ongoing inquiries for various purposes. At this point, we turn our attention to the creation of

communication spaces which can support the activities associated with critical inquiry. There are seven key design

features of ACT supporting the goals outlined above.

1. Two conference structures.
Based on our characterization of conversation and issue-based discussion, we provide two conference structures

which can be used to provide the spaces necessary to support critical inquiry. By supporting both, we hope ACT

can more readily cover the breadth of communi cation needs associated with small-group problem-solving.

Conversation is supported in alinear conference structure (see Figure 1). Messages are organized temporally

(with the newest messages at the bottom of the document), reflecting the natural flow of a
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14

Team Blue: Orting Conver sation

The city of Orting, WA (about a half hour from Tacoma) wants to build a new
high-school to deal with and encourage popul ation grovvth County officials have
refused the city’sr 0 build because they feel the 5 Sen by the city istoo
hazardous: it sitson mud flows from nearby

flows could destroy th

feelsthat thisis overly

mud flow.

Y ou are members of an enviro
Orting City Council, with the bl
report which analyzes the issues su
recommendation about how to proc

What's a mud flow? by
How close is Mt. Raini
How dangerous are
Re: How closeis

ud flows? by AB on

se the site? by TS on Sept.
e mud flows? by JR on Sept. 5
Re: Why did the county refuse the site? by JJ on Sept. 6
Re: What's amud flow? by AB on Sept. 6
10 We don’t need a new school! by TS on Sept. 6
11. Re: We don't need a new school! by AB on Sept. 6
12. Summary How dangerous are mud flows? by TS on Sept. 7
13. Re: We don't need a new school! by JR on Sept. 7 new
14. Moreinfo on mud flows by TS on Sept. 9 new

COoONOOA~AWNE

Figure 1. A Conversational Space. Messages are arranged temporally to keep the focus on

recent activities and the rapid advancement of ideas
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Team Blue: Solution Analysis

The city of Orting, WA (about a half hour from Tacoma) wants to build a new high-
school to deal with and encourage population growth. County officials have refused
the city’ srequest to | r ity i

hazardous: it sitson

flows could destroy t inj ty council, however,
feelsthat thisis overly C& ideri ity sits on this same mud
flow.

m which has been hired by the
ty. You are asked to prepare a

Hypothesis We could evacuate if need be by JR Sept. 11
Hypothesis We wouldn’t have enough warning by JJ Sept. 16
Question How is amudslide different than a mud flow? by JR Sept. 13
Evidence Mudslides and mud flows by AB Sept. 21 new
Question How much danger is too much? by JJ Sept. 16
Question How often does Orting get mud flows? by JR Sept. 18
Evidence Mud flowsin WA bv TS Sent. 19

Figure 2. Issue-based Discussion. In the analytical discussion spaces, messages are organized

by topic. Each message is also categorized along several dimensions to encourage in situ
reflective thinking and allow for later searching and sorting.
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face-to-face conversation and mirroring the organization of bulletin-board systems such as COW*or The Well®. By
eliminating a deliberate structure, the linear conference promotes the quick exchange of ideas. Re-examination of a
particular line of thought, however, is difficult. Linear conferences are suited to social and administrative chatter,

brainstorming, holistic problem definition, and any other application which requires a safe, fast-paced environment.

I ssue-based discussion. is supported through a hierarchical conference structure. Messages are organized by
topic in an outline structure, with new messages indented under the post which inspired the reply. The need to pick
alocation in the hierarchy makes inserting a message a more reflective, effortful process, but should help students
become more critically aware of their own contribution. The structure also makes it easy to review issues
examining the discussion of an issue in a coherent manner and identifying which issues may need more attention.
The hierarchical structure does make it more difficult to quickly locate new messages. While we do have a
participant sensitive "new" message label for all unread message, the user must till scroll the discussion for the
"new" labels. The hierarchical structure also reduces the use of more exploratory messages which don’t have a
well-defined place in the current hierarchy. But of course that is the intent of the design -- the exploratory
discussion belongs in the conversation conference.

L et us emphasize that these two conferencing structures are distinct. Many conferencing systems have asingle
conference in which the user can reorganize messages to reflect the hierarchical relations or the temporal relations.
We do not advocate that strategy since we see the design of the conference as an integral component of the type of
activity. A temporal organization is simply not appropriate for an issue analysis process nor is an hierarchical
arrangement appropriate to an exploratory conversation. Structurally misrepresenting the goals of the exchanges, in

our view, can only lead to less effective if not frustrating and muddled exchanges.

2. Issue Board
A problem solving activity begins with a conversation and the analytical activity grows out of that conversation.

Thisisnot alinear process, of course, but rather there is movement back and forth between expl oratory
conversation and structured analysis. It iscritical to support thisinterchange between conversation and analysis.
While we have not yet built this component of the ACT system, our current view isto provide atransitory issue
board -- much like awhite board - onto which users can move messages from the conversation and from which
they can export messages to the issue based discussion.

An alternative to the issue board design is to simply permit users to move messages from the
conversation directly to the issue based conference. From an interface perspective that is certainly an easier
task to accomplish. However, from the perspective of supporting effective inquiry, it seemsto us that the
immediate transfer will lead to a confusing issue based structure. Our strategy isto support usersin identifying
what in the current context are important hypotheses, issues, and evidence before these contributions get "lost"
in the conversation. We think there is a need to let things evolve so that everyone can pause and reflect not
only on the continued relevance of the message, but also on where it fitsinto the issue based conference. This

will be especially important in the early stages of problem solving, when the exploratory conversation is

4 COW can be seen at http://thecity.sfsu.edu/COW2/
5 The Well can be found at http://www.well.com/
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essential to developing a framework for an issue analysis. It islikely to become less important as the problem

solving activity progresses.

3. Defined Communication spaces.
The goal of focusing the users attention on the goals of the conferencing leads to a potentially complex

conferencing space for the user. Clearly, this environment will require considerable user testing and revision.
However as we have argued throughout this chapter, we feel it essential to focus the learners attention on the
problem solving goal and to coach and promote high quality arguments.

When auser first logsin, sheis presented with alist of links to the discussion spaces sheis allowed to
participate in. For most students, these will consist of those spaces that pertain to the entire class and associated

small group or satellite conferences. Because the conferences are password protected, the student will typically

only include the spaces that are specific to her group. An instructor may of course choose to allow students to keep

track of the progress of other small groups, probably by offering the rest of the class read-only accessto these

conferences.

Included with each discussion space listed in the conversation and analysis areas is information showing how

many total messages have been posted, how many have not yet been read, and what type of conference (linear or

hierarchical) it is. This meta-information allows the user to quickly locate discussions relevant to her particular goal

in contributing, showing her which conferences she can participate in and where new messages are located. Our

current design of the interface for this discussion space is shown in Figure 3. The interface consists of general class

conversation, problem focused conversation, and issue-based discussions on the key problem solving tasks.
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S104 Conference Listing

General Class Conver sations
Administration and Course Announcements (linear) (11 of 19)
S104 Café (li (60 of 68)

Small Team Conv
Team Blue: Ort
Team Green: Orti
Team Red: Orting

Small Team Discussion Areas
Problem Analysis
Team Blue (hierarchi

Team Red (hierarchical) (2 of 7) read only

Figure 3. A sample of an opening screen. Hypertext links are provided to each of the discussion
spaces a user is subscribed to, along with information about number of messages and user
permissions.
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Of course the conference headings are all definable and thus this structure can be modified or even eliminated.
However, within the administrative system the prompted selection for conference headings are as shown in Figure
3. Furthermore, the default setting in the administration of ACT gives control for creation of new conferencesto the
system administrator (who may be the instructor or who may be a group member). In essence, while the system
permits flexibility in designing the conferencing space, the default settings are designed to promote plannful design
of conferences that focus on the structure and process of problem solving.

General class conversations (see Figure 3) are set up as linear conversations available to all students. These
conversations serve two purposes. First, they provide a social areain which students interact with each other and
the instructor, resulting in general-interest and class discussion. Second, and more importantly, they provide spaces
for students and instructors to address administrative issues such as syllabus changes and clarification,
announcements of upcoming events, technical questions about the software being used, attempts to borrow a
textbook, etc. This general class space helps prevent these kinds of issues from being included in the more
structured work areas that focus on the specific problem or issue being worked on.

Small-group conversations are also linear conferences, but are restricted to the members of a specific work
group. Here, we take advantage of the smplicity and low overhead of the conversational organization to support
brainstorming, hypothesis-generation, looking at the problem holistically, and generating potential solutions.
Clearly, students must feel safe to offer unsupported opinions and ideas in getting their issues on the table at any
time. Consistent with the purpose of this problem solving oriented conversation area, and reflecting the familiar
sequential nature of face-to-face conversation, a single conversational space is available for each group.

The analytical discussion areasin ACT are implemented as hierarchical conferences since they are designed
to support intensive, in-depth discussion of specific topics. The administrative default setting are for three separate
analysis spaces. problem analysis, solution analysis, and implementation analysis. All have the same structure, but
each is dedicated to a different problem-solving activity and we anticipate that each will be most heavily used at
different stagesin the inquiry process. The user help system provides guidance to the users as to the goal for each
analysis.

Problem Analysis. Thisisan areareserved for discussion about the nature of the problem statement itself,
so group members can come to consensus about what the problem is “really” asking. The goal of the
problem analysis areais a succinct encapsulation of the problem being solved and the conditions and
constraints which will inform decisions about picking and implementing a solution. Activity in this space
will likely be intense at the beginning of the project and slowly taper off (without disappearing
completely).
Solution Analysis. Solution Analysiswill be a primary focus and dominate the middle portion of the
inquiry process. It isin this space that hypotheses are presented and criticized, evidence is gathered and
interpreted, and solutions are proposed and slowly dissected by the group members. In most cases, the
majority of analysiswill take placein this space.
Implementation Analysis. This areais dedicated to the creation of an implementation of the
agreed-upon solution strategy. Its use is most obviousin distance education (when students

cannot get together face-to-face to discuss implementation issues) and when the problem
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presented isin the hard or social sciences (as opposed to, for example, literary criticism).
Implementation Analysiswill obviously be empty at the very beginning of the problem-solving
process, but will become more active as a solution is agreed upon and implementation details
begin to surface.

Type of Message Content Source Per ceived Importance

Hypothesis Summary Data

Important Point Personal Opinion Interesting Tangent

Evidence Anecdote Useful Thoughts

Learning Issue Expert Opinion Important Points
Published Work Critical Issues

Table 6. Examples of potential message categories and labels.

4. Required labeling of the elements of an argument.
We use labels, much like those in CoVis (Edelson & O'Neill, 1994) and CSILE to focus students attention on their

contribution to the problem solving (reflection-in-action) and to support their reflection on the on-going discussion.
The labels are used differently in the two conference structures, reflecting the different goals of conversation and
analysis.

The issue based analysis areas are the areas where the argument concerning the problem, solutions options,
and implementation is a central focus Hence the goal here is to promote attention to the elements of the argument
as one vehicle for judging the quality of the argument, for determining what is missing, and for determining how
the user's post fits into the argument. We have aready discussed how the issue based analysis areas are organized
with these reflective activitiesin mind. The very structure of the conferences invites a student to ask the question,
“Where does this information fit best within this discussion?’, thereby immediately initiating reflection-in-action.

We focus additional attention on these issues of argument structure and "my" contribution, by requiring users
to categorize their post in terms of the contribution it makes. Rather than letting the student generate his or her own
label, the label is selected from a menu. The list can be edited by the system administrator, thus reflecting particular
needs of a problem solving activity or the particular framework of the instructor/facilitator. The default labels,
shown in Table 6, reflect both the elements of effective argumentation as discussed earlier in this chapter and the
requirements for effective collaboration, e.g., asking a question about someone's post. The narrow scope of many of
the label s encourages the message to be succinct and focused, thereby preventing clutter and keeping the
organization of the conference clean and easy to scan for relevant information.

The labels remain a highly visible part of the posts. A color coding and verbal label for each classification
supports easy scanning of the structure of the argument developing, thus aiding the users to review the nature of the
discussion regarding key issues, focusing in, for example, on the evidence provided or the counterproposals
offered.

The conversational conferences are exploratory and involve brainstorming. Labeling each post in terms of its
contribution would be cumbersome and counterproductive to the goals of the conference. Hence, we do not require

labelsin conversational conferences. Indeed, with one exception, we do not even make the labels available. That
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exception isthe label "summary". In our work with PBL we found that pausing to summarize progressin a
conversation is very important in refocusing a groups efforts on key issues and in helping them to take stock of the
progress and important points in the conversation. Thus, we encourage that a participant periodically assume
responsibility for posting a summary of the conversational key points up to that point in time. In general, we find
that the summary process is extremely useful for focusing attention on issues and paths and, since it remains very

visiblein the list of conference posts, it is easy to locate for review at any point in the conversation. .

5. Selective viewing of argument structure.
All posts are stored in a database, making selective access to particular classes of posts possible. In contrast to

systems that rearrange posts into hierarchical or temporal based sequences or which allow the user to specify the
depth of the hierarchy displayed, in the next version of ACT we will permit usersto present selected argument
elements. Thus, for example, a user could ask to see only the hypotheses and evidence posts. The goal isto focus
attention on and support usersin their analysis of the argument structure. We also see this as atool for the

facilitator or instructor to monitor the devel oping argumentsin ways that will facilitate coaching the teams.

6. Visual streamlining.
One of the problems with conferencing systemsis the small window into the conference: it is difficult to get alarge

perspective on the discussion. This problem is compounded by a clutter of messages that are primarily simply
responses or acknowledgments to previous postsé. We have tried to provide an environment in which the user can
easily see the structure of the argument by using three tools. First, the default presentation of the messagesin a
conference is one in which only the header information is presented, i.e., the classification of the message, the
author, subject, and date. Thus the entry view is structural rather than amyopic view of the first message or two.

Two sorts of clutter are prevalent in asynchronous conferences: a tendency to simply acknowledge having
read a message and the need to register agreement or disagreement (vote) on a proposal or statement in a message.
In both cases, the screen is cluttered with a string of posts that are empty except to say "Thanks for your thoughts'
or "l agree" and it is difficult to see the larger organization of the discussion. Of course, both types of responses are
necessary. There is no greater frustration then making a post which you have thoughtfully constructed and
wondering aweek later if anyone has read what you had to say. We address the acknowledgment "1 read this" need
by providing a history of who read the post. The list of users (identified on login) who read the post is available by
selecting history off of the menu bar. The history tool is not only a benefit to the conference participants but it also
provides data for the instructor to assess level of participation by students.

We will address the voting issue by providing a"vote" response to message along with a component of the
message header that displaysthe vote tally. Thus, rather than a vote resulting in a message below the one being
responded to, the tally is simply displayed in the message header.

6. Theclutter is especialy evident in synchronous conferences where there is an administrative message
acknowledging each persons entry and exit from the conference as well as their greeting to other participants. One

significant problem in synchronous conferencesis that the amount of this cluter sometimes exceeds the messages of
substance.
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7. Post before viewing.
One pedagogical strategy for promoting more effective collaboration in problem solving is begin by having each

participant take a position on an issue. In essence, before an idea or a person dominates, each person should get a
say. This could be done in the conversation mode where each person takes a position to start the discussion. It
could aso bein theissue based discussion where each person registers a response to the problem before
considering aternatives. The problem could be academic -- come to some agreement on the key issuesin the
chapter and how they should be presented -- or it could be initial statements of key parameters of a non-academic,
authentic problem.

Of course, the difficulty in achieving this pedagogical goal isthat students will view other statements before
posting their own and hence in many cases they will modify their thinking to be more in tune with what has already
been stated. To aid instructors in better achieving this pedagogical goal we have provided an option of "post before
viewing" that can be set for any conference. If this option is chosen, when users first enter a conference, they are
required to post before they can see any of the messages or message headers that might already have been posted.

This only happens on the first entry into the conference.

Current Status
ACT isnot afinished product. The discussion of design features identified what is completed and what is not.

Importantly, the conversational and issue-based conferencing systems are complete (as aversion 1.0) along with
the requirement to label contributions. In essence the system features displayed in the Figuresin this chapter are
complete. Most importantly, the issue board, or some other mechanism for moving between conversation and issue
based discussion is not complete. Since we firmly believe the design of the system must be consistent with the
goals (conversation or issue analysis) of the discussion, we do not think either conferencing design aloneis
sufficient to support inquiry. And without the strategy for movement of ideas between conferences, the use of both
types of conferencesin an inquiry is cumbersome. So, our developmental priority is the design of the linkage
between discussions.

We have used the issue analysis and the conversation discussion formats in several classes and we have used
them in experimental contexts to understand the collaborative inquiry process and the difficulties in using one or
the other discussion format as a vehicle for inquiry. The systems have been stable and effective. The interface
clarity has been well received. However, as we anticipated, the use of just one system -- regardless of which one -
to sustain collaborative inquiry at a distance, presents difficulties and frustrations when there is a mismatch

between the particular goal (analysis or conversation) and the design of the conference.

Conclusion
Asynchronous discussion environments like ACT afford us enormous pedagogical opportunities — opportunities

that could not be realized in the classroom. In atraditional classroom, if thereis even an opportunity for discussion,
students must be bold and quick on their feet if they are to contribute. The asynchronous environment, however,
affords students the time for thoughtful analysis, reflection, and composition as their discussion of an issue evolves.
Furthermore, the discussions are products that the faculty member can review and grade and on which he can give
feedback.
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The difficulty is that too many designers of conferencing systems have had a simplistic view of discussion as
simply talking. There has been little recognition of the different rhetorical structures and of the requirements for
supporting those rhetorical structuresin atext rather than oral mode. We have experimented informally with both
conversation and issue-based discussion forumsin our classes and have found that even experienced computer
users have difficulties with each. The assignment in one case was solving an ill-structured problem — designing a
course for a distributed learning environment. When students worked in the conversation environment, it was hard
to stay focused. Certain individuals dominated and when an inferior idea was presented, there was an enormous
amount of space taken up talking about why it was “bad.” Not surprisingly, the good ideas got lost. Furthermore,
people were constantly talking past each other — posturing with their ideas, or smply trying to get an idea out that
struck their fancy at the moment. Furthermore, there was a tendency to only look at “unread” messages — there
was little motivation or time to venture back and sort through “old” conversations. And while there was prodding
of the participants to stay focused and reminders of the ultimate goal, there was little, if any, sense of progress.

The issue-based forum provided a different set of difficulties. While there was a need for discussion, the
hierarchical structure and labeling of the contribution was too constraining. No one knew how their contribution fit;
especially when the discussion was just getting going or when there was simply an ideato share. Eventually
conversation took place as a string of responses to one another — moving progressively inward in the hierarchy
until someone decided to put their contribution down asa“new issue.” In effect, the issue-based structure was not
usable in these earlier stages of problem solving.

There is no doubt that the system we are proposing and building is complex both in design and in use. Other
conferencing systems provide for the ability to reorganize the conference posts so that they may be viewed grouped
by author, by topic, or by time. We argue that this reorganizing strategy isinadequate. The structures are suited to
different rhetorical goals and hence each will lead to or support different types of conversations. As noted above, it
is awkward, at a minimum, to conduct a discussion when the conference structure is not consistent with the
rhetorical goals.

There are ahost of instructor tools that we have not discussed — tools essential to managing the class and
ng students. In the ACT environment, we have built or are building three support tools. First, thereisa
toggle to be able to see the messages in adiscussion either al closed or al open. The former option permits usto
see the structure and the participants in the discussion, while the latter permits efficient reading and evaluation of
the contributions. Second, we provide an option where the instructor can see the contributions organized by author
thereby enabling him to assess individua contributions. Finally, we will provide a history on each post, showing
who has read it and thereby providing the instructor with yet another index of participation.

Finally, let us reemphasize that our goal in creating ACT is to promote critical thinking and, as we noted
earlier, critical thinking iswork. We have no doubt that if students are forced to focus on issues and consider how
their contributions relate to these issues, they will find it to be substantial work. However, we are convinced that
asynchronous conferencing environments offer the potential for realizing the intellectual goals of post-secondary
education; to move beyond transmitting information and testing for facts and procedures. Asynchronous
conferencing affords the opportunity for students to engage in critical thinking in the domains; to become

participants in the intellectual discussions of the professions they are studying. It also affords the faculty the
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opportunity to demand increasing intellectual rigor and to coach and assess students based on the quality of their
thinking. It is with these goals foremost in our minds that we engage in the pedagogical based design of an

asynchronous conferencing system.
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