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Abstract

This paper looks at the state of the art of computer-mediated communications (CMC) as it may apply to group communication and decision-making.  Six basic theories related to CMC are introduced and discussed.  The two poles of CMC are discussed:  Asynchronous (anytime/anywhere) and synchronous (sametime/sameplace) communication.

This paper also introduces constructivism to computer-mediated communications (CMC) as used in online learning.  The theories of behaviorist and constructivist learning are presented to demonstrate the pedagogical context.  Constructivist teaching/learning principles are presented as they apply to CMC.  Social presence and swift trust theories are presented and compared to the needs of online constructivist learners.
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Introduction

Computer mediated communication can be used to support corporate decision-making or teenage chat.  For this state of the art review I will focus on group communication for both decision making and learning.  It is the history and theory of CMC that will inform the current study to establish the state of the art of CMC research.  Current sociological research methods lay down the rules for finding new evidence refuting or supporting the theory (McGrath, 1984).

First I will introduce the relevant theory as it is used in the literature.  Other theories exist for CMC but these are the theories informing CMC about group interaction.  In this set I add the theory of constructivist education for its use in online education and its relevance to group interaction.  For this group interaction the communication channel properties direct the outcomes of the group discussion, those properties a measure of information richness.  The needs of the group temporally may change so that a CMC channel that synchronizes with those needs would benefit the group interaction.  The group however may find that a CMC channel that does not fully meet their needs as designed may be adapted to those needs or the group may use the channel for a newly structured task.

Since my focus is on the use of CMC to support online education, I emphasize the contribution from the education community in the form of constructivist learning theory as it may apply to CMC.  To support this application to online group education I add the notions of social presence and swift trust.  Social presence theory informs the CMC use by individuals conversing with others in a secure and rewarding interchange.  Likewise, the group benefits from swift trust theory to work toward a successful experience.

Theory

Constructivism

A definition of constructivism is based on the fundamental assumption that people create knowledge from the interaction between their existing knowledge or beliefs and the new ideas or situations they encounter (Airasian and Walsh, 1997).  This paper discusses constructivist learning and teaching in the context of computer mediated communications (CMC) using social presence theory and swift trust theory to predict the usage and outcomes of CMC as a place of learning.  By using some CMC features and modalities, increased levels of both social presence and swift trust are predicted.  The indicators of social presence and swift trust are the basis for a good constructivist-learning context.  Social presence supports the individual’s cognitive growth through interaction and satisfaction.  Swift trust, a property of group interaction, supports the group socio-cultural growth and learning.

A pedagogical assertion that students learn by constructing knowledge through group interaction is the foundation of ALN. [Roblyer, M.D., Jack Edwards, MaryAnne Havriluk, 1997]  Within the online learning context collaboration with the class using a discussion forum allows the student to construct meaning from exploration of ideas put forth by classmates.  Students create knowledge from the interaction of their existing knowledge and beliefs with the ideas put forth in the class discussion. (Airasian and Walsh, 1997)  The teacher uses facilitative techniques to foster that discussion among all members of the class.  The directed collaboration of the class or sub-groups of class members allows each student to test current beliefs against classmates’ beliefs.

There are three reasons for basing teaching on Piaget’s constructivism: It is a scientific base explaining human knowledge, it is the only theory that explains children’s construction of knowledge and it informs educators of distinctions on how different subjects should be taught (Kamii and Ewing, 1996).

Lev Vygotsky’s socio-cultural theory parallels the constructivist notion.  He declares that social experience shapes thinking and individual cognition occurs in a social situation.  The group interaction, he stated, is part of the learning process of individuals who jointly construct meaning from peers and teacher collaboration (Jaramillo, 1996).

Epistemic semantics, developed by Peter Gardenfors (1988), provides a formal model for constructivism based upon belief sets as a collection of propositions believed by the individual.  Belief sets may be changed by expansion (adding a new belief) or by contraction (removing a belief) or by revision (updating the belief set to maintain logical consistency or correcting implied beliefs).  To quantify the process of change of belief sets the notion of epistemic entrenchment is used as the relative ability to give up one belief from the set.  It is postulated that the least entrenched epistemic beliefs are the first to be given up in the learning construction.  This would imply that the teaching process address the student's belief set by ascertaining the least entrenched belief in the set to be revised (constructed) (Rauff, 1994).

Although most constructivist classrooms feature active, social and creative learning, different kinds of knowledge invite different constructivist responses, not one standard constructivist approach. How can a teacher create appropriate targeted constructivist responses to learners' difficulties?  One approach to the challenge recognizes that different kinds of knowledge - inert, ritual, conceptually difficult, and foreign - are likely to prove troublesome for learners in different ways. (Perkins, 1999)  Inert knowledge is that knowledge that is hidden and not easily applied to everyday experiences.  Ritual knowledge is that which is applied without forethought and concern for context.  Conceptually difficult knowledge is that which is distant from most experience and therefore difficult to place in context.  Foreign knowledge is difficult to accept in time or place such as history or culture.  Each type of knowledge is best acquired by different approaches to construction.

Social Presence Theory

Social presence theory is defined as that sense of ‘intimacy and immediacy’ or ‘we are together’ feeling, leading to increased enjoyment, involvement, task performance, persuasion, and socio-emotional interaction (Lombard and Ditton, 1997).  Constructivist learning theory suggests that these same qualities of the individual’s experience lead to greater learning than more objectivist/directed teaching methods.  For the online class members to construct meaning from interaction among participants, increased social presence will serve as the generator of increased learning and satisfaction.  An increase in the participants’ level of social presence would be expected to lead to increased learning on their part.

Social presence theory predicts that CMC can create in users a sense of intimacy and immediacy.  When people participate in communication they can assess how much they feel that they are present in a real setting.  Face-to-face yields the highest level of social presence and some forms of asynchronous communication result in the lowest level of social presence, as the social presence can be quantified (Lombard and Ditton, 1997).  Social presence theory is closely related to Information Richness theory discussed below.  Rice (1993) concluded that social presence has two dimensions, related to intimacy and immediacy, described by interpersonal versus mediated and asynchronous versus synchronous.  Researchers can use these two dimensions in an online class to measure the progress of group interaction from initial exploration to substantive teamwork. 

Swift Trust Theory

Swift trust theory is related to social presence theory such that group interaction is predicated upon initial expectations of involvement and effective task performance.  These zero history groups will experience swift trust from participant expectation of trust and continued social activity to maintain trust.  An increase in swift trust would be expected to increase satisfaction with the process and instructor.

Swift trust is defined in context of temporary teams as that measure of trust initially present in formation of a zero history team.  These teams must swiftly form relationships and roles to perform the task necessary in the limited time allotted.  "… the trust that unfolds in temporary systems is more accurately portrayed as a unique form of collective perception and ‘relating’ that is capable of managing issues of vulnerability, uncertainty, risk, and expectations.  These four issues become relevant immediately, as soon as the temporary system begins to form." (Meyerson, et al., 1996, p.167)  All four parameters are related to social presence and information richness.  Rice (1987) found that one third of messages in a CMC forum contained socio-emotional content.  However a large number of participants were inactive non-contributors.  He found that participants did not change their percentage of socio-emotional content over time implying that the initial active participant group was stable.  The implication for swift trust is that a social presence established early in the semester to draw in potential non-participants will promote a ‘swift trust.’

Information Richness Theory

Information richness theory (IRT) predicts that the uncertainty and ambiguity of information communicated will vary with the richness of the media.  Media richness theory is defined for this context as the rate (understanding/time) with which the media can resolve uncertainty and ambiguity. (Daft & Lengel, 1986)  Rich media convey rich information that can be expected to resolve ambiguity at a high rate.  Face-to-face communication is considered a rich media and is predicted the best choice to resolve ambiguity.  Less rich media, such as asynchronous computer-mediated communication is predicted the best choice to resolve uncertainty.

Choice of the media may be either a positive or negative influence upon the group’s effectiveness.  Information richness theory predicts that when the discussion concerns ambiguous information that rich media would resolve the ambiguity faster than less rich media.  Conversely, to communicate with increased certainty, the theory suggests using a less rich medium such as text only asynchronous email.  The initial meeting of class members online, arriving with different backgrounds, might be left with ambiguous information in the minds of the students without a rich medium for communication.  Conversely the syllabus and course schedule should be posted online for certain understanding of the plan of the course.  The richer medium is predicted to better process ambiguous information for faster understanding while the less rich medium will better transmit well-understood information structures.  Students and teacher have the ability to pick the medium of choice in the face-to-face class, either synchronous regular class meeting or asynchronous messages out of class.  The completely asynchronous online class leaves the students and teacher only one medium of communication.   A richer medium would provide two intermediate modes of communication with different levels of synchronous media as adjunct to ALN, chosen at will by the group.  The choice of medium is predicted by media synchronicity theory.

In a related idea, Critical Social Theory (CST) believes that researchers influence and are influenced by the social and technological systems they are studying.  Richness is when the recipients free themselves from distorted communications.  CST focuses on the validity of what is being communicated in the first place (Ngwenyama and Lee, 1997).

Media Synchronicity Theory

Media synchronicity theory (MST) extends media richness theory to give a dynamic time changing value to the richness of the media.  (Dennis and Valacich, 1999)  Rich media at one instant of information mediation may not be appropriate at another time in the process of information understanding.  Media synchronicity is the extent to which the media is in synchronism with the recipient’s communication needs.  Groups that need to work together on one activity need media that provide communication in ‘real time.’  The extent of this synchronicity is related to the medium’s immediacy of feedback, symbol variety, parallelism, rehearse-ability, and reprocess-ability.  The conveyance of the information may not require a high level of media synchronicity, the convergence of a shared meaning of that information may however, require a high media synchronicity.

Where information convergence is the goal (task) of the users, media providing high synchronicity (high feedback and low parallelism) will be of benefit.  Where information conveyance is the task, media providing low synchronicity (low feedback and high parallelism), will be of benefit.  The task and communication requirements of students will change over time and thus the need to maintain media synchronicity over time.  Newly formed online classes need to resolve ambiguity for group-well-being and individual support that can be served by high media synchronicity.  The class needs information such as provided by the syllabus that can resolve uncertainty of schedule and assignment, best communicated with low synchronicity media.

Adaptive Structuration Theory

Adaptive Structuration Theory (AST) seeks to explain the adoption of new technology by groups.  AST may provide a conceptual model to explain group member’s use of and reactions to technology as they interact with one another.  The assumption here is that groups are adapting their social structures to the technology or using new social structures enabled by the technology.  DeSanctis, Poole, Dickson, and Jackson (1993) apply the theory to Group Decision Support Systems through a framework of corporate meeting inputs and outcomes.  The same framework can be slightly modified to apply to online classes and group collaboration.  Their empirical investigation of corporate meetings can be a model for study of groups working online.

Current Pedagogical Views

One view of learning is based upon behaviorist/objectivist theories commonly called directed instruction.  A second view of learning is based upon the notion of knowledge construction.  Behaviorist theory suggests that students’ behavior is the result of acquiring information and displaying that knowledge in performance.  A modern metaphor of behaviorist theory is the information-processing model.  In a constructivist’s theory, learning is a modification of experiential memory to be more consistent with the present experience.  In this paper we will show that constructivist views are useful in online teaching though discussion using computer mediated communication.

Constructivism Historical Context

Aspects of constructivism can be found in the (470-320 B.C.) works of Socrates, Plato and Aristotle.  St. Augustine (354-430 AD) led a search for truth through experience.  John Locke (1632-1704) spoke of knowledge limited to a man’s experience.  Immanuel Kant (1724-1804) explained that “logical analysis of actions and objects lead to the growth of knowledge and the view that one’s individual experiences generate new knowledge” (Brooks and Brooks, 1993, p23).  However, Jean Piaget (1896-1980) is generally regarded as the modern progenitor of constructivism (Crowther, 1999).  Piaget, a biologist with research interests in discovering the development of the mind, conducted experiments to test children’s learning.

Jean Jacques Rousseau (1712-1778) argued that the child’s interaction with the environment was the basis for constructing understanding.  John Dewey (1859-1952), the famous proponent of situated learning, is often quoted as saying “education is not a preparation for life, it is life itself.” Dewey emphasized perturbations of the individual’s understanding as the basis for learning. (Duffy and Cunningham, 1996)

Behaviorist/Objectivist

In the behaviorist view, reality exists independently of learners and knowledge is received exclusively through the senses.  According to BF Skinner, knowledge is acquired when the bond between stimulus and response is strengthened by means of a reinforcer. The teacher's role is to present information in small increments and then reward student behaviors that mirror the reality presented (Scheurman, 1998).  These behavioral principles underlay two well-known trends in education: behavior modification techniques in classroom management and programmed instruction.  Although current use of programmed instruction itself is limited, its principles form much of the basis of effective drill and practice and tutorial courseware (Roblyer, Edwards, and Havriluk, 1996).  Programmed instruction is the first thought of many online instructional designers, however.  To capture the content and the process in one package for directing the student toward the desired response is the goal of individual teachers and the school.

These teaching methods are prevalent in today’s schools and reflect the experience of most citizens and lawmakers.  Since current assessment techniques are based upon stimulus/response pairs and that is accepted criteria, teaching methods today are primarily based upon directed instruction.  In the race to prepare for high-stakes state assessments, students are losing out on instructional practices that foster meaningful learning (Brooks and Brooks, 1999).  This battle of accountability versus pedagogy is a factor in many schools and not limited to lower grades.  Universities have confronted issues of teaching for performance versus teaching for understanding for many years.  Now with the advent of CMC to teach online the student can well become the vehicle for deciding that issue.

Constructivism

Definitions

Basically defined, constructivism means that as people experience something new they internalize it through past experiences or knowledge constructs that have been previously established (Crowther, 1999).  Steffe (1990) explains, "Constructivists view learning as the adaptations children make in their functioning schemes to neutralize perturbations that arise through interactions with our world."  Resnick (1983) stated, "Meaning is constructed by the cognitive apparatus of the learner" (p.477).  Saunders (1992) explains and agrees with Watzawick (1984): "Constructivism can be defined as that philosophical position which holds that any so-called reality is, in the most immediate and concrete sense, the mental construction of those who believe they have discovered and investigated it."  In the context of the CMC, that construction is generated in the student led discussion and investigated by collaboration.

Past experiences are also referred to as our world-view.  During the years of childhood, children's ideas evolve as a result of experience and socialization into "common sense" views (Driver, Asoko, Leach, Mortimer, and Scott 1994).  Novak and Gowin (1986) further define constructivism as "the notion that humans construct or build meaning in the their ideas and experiences as a result of an effort to understand to make sense of them.  This involves at times recognition of new regularities in events or objects, inventing new concepts or extending old concepts, recognition of new relationships (propositions) between contacts, and … major restructuring of conceptual frameworks to see new higher order relationships" (p.356).

Fabricius (1983) modifies Piaget's Schema Theory interpreting it to mean, "…reality becomes the phenomena we experience through construction."  Wheatley (1991) suggests two principles of learning embodied in the constructivist theory: "Principle one states that knowledge is not passively received, but is actively built up by the cognizing subject. … Principle two states that the function of cognition is adaptive and serves the organization of the experiential world, not the ontological reality."

Scott (1987) defines a constructivist in science as one who "perceives students as active learners who come to science lessons already holding ideas about natural phenomena, which they use to make sense of everyday experiences….Such a process is one in which learners actively make sense of the world by constructing meaning."  Tobin and Tippins (1993) state that the constructed knowledge of science is " viewed as a set of socially negotiated understandings of the events and phenomena that comprise the experienced universe." (p.4)

Constructivism is generally credited to Jean Piaget (1896-1980).  Berger (1978, p.55) notes: "In Piaget's view, intelligence consists of two interrelated processes, organization and adaptation. People organize their thoughts so that they make sense, separating the more important thoughts from the less important ones as well as connecting one idea to another.  At the same time, people adapt their thinking to include new ideas, as new experiences provide additional information.  This adaptation occurs in two ways, through assimilation and accommodation."  Contextual Constructivism is defined by how the learner interprets phenomena and internalizes these interpretations in terms of their previous experience and culture. (Crowther, 1999)

Three principles of constructivism are: (1) knowledge is actively constructed by the learner; (2) coming to know is the process of organizing and adapting the world to the learner’s experiences; and (3) the learner does not discover an independent world outside his mind (i.e. The discovery is constructed from ideas within his mind) (Gadinidis, 1994).  As constructivism itself posits, knowledge is not a static phenomenon, it changes as we engage in new experiences that test what we know.  These new experiences may cause us to alter or add to our understanding, sometimes in subtle ways and sometimes dramatically (Zahorik, 1997).  Constructivists propose arranging instruction around problems that students find compelling and that require them to acquire and use skills and knowledge to formulate solutions.  Constructivists call for more emphasis on engaging students in the process learning than on finding a single correct answer (Roblyer, Edwards, and Havriluk, 1996).  It is the online class using CMC that is able to engage each participant at length and in detail on the construction of common understanding.

Mental Models

The constructivist perspective asserts that learners construct knowledge by making sense of experiences in terms of what is already known.  Additionally, some researchers link constructivism with a novice-to-expert model of learning where step-like progressions via experiences are accelerated by connecting to the conceptual understanding, or mental models, of experts.  A model of the target system, roughly what the teacher expects as outcomes, must connect to a mental model in order to be internalized.  The conceptual model of the target is the teacher's representation of the knowledge to be transferred.  But cognitivists and constructivists recognize this is a place where novices can be exposed to the kind of concepts, which an expert gains through years of experience.  In developing a conceptual model a teacher should take into account the kinds of things an expert considers, such as what problems and errors are likely to be encountered in a given situation.  What are the most important concepts?  How can they feed into a broader conceptualization?  How will they attach to the user's mental models?  “…when experiences are carefully facilitated which support the conceptual model of the target, learners are able to adapt and reshape internal mental models and construct knowledge for themselves.” (Brandt, 1997, p. 115)

The teacher as facilitator initiates the class discussion by presenting the experts’ mental model to the students and then steps out of the discussion to let mental models develop in the learners through interaction.  The CMC discussion can include all members of the class and is nearly unlimited in time.  Learners unsure of the ‘correctness’ of their own current mental model can read others’ models and proffer their own for inspection by the class.

Facilitation

Teacher as Facilitator or Collaborator? …This question can be categorized into two basic views, cognitive and social.  If, as Piaget suggested, knowledge is acquired when cognitive stability is directly challenged, then the primary role of the teacher as facilitator is to pose problems that stretch learners to a point of intellectual disequilibrium (perturbation).  If, as Vygotsky suggested, cognitive development is "the transformation of socially shared activities into internalized thought processes," then the primary role of the teacher as collaborator is to monitor classroom learning and participate actively with students in its evolution (Scheurman, 1998).

Sole reliance on personal meaning to justify constructions leads to relativism and biased constructions.  It is the teacher's facilitation of the students that challenges them to justify and refine their constructions in order to strengthen them.  Through this teaching method there arises a need to establish standards and criteria for evaluation.  Balanced with this need is the realization that the more specific the standards and criteria the more the students will adopt the teachers construction instead of constructing their own.  Facilitation is therefore a balance of pull and push interaction with the students (Airasian and Walsh, 1997).  How often should the teacher comment and should those comments be questions or suggestions?  Since the asynchronous media allow the teacher to analyze the discussion, the interjection can be a course correction rather than a lecture.  The important concept is not whether students construct understandings of concepts but how good are their constructions.  The teacher's role is to facilitate a learning environment that helps students create good schemas of understanding.  By facilitating students working with others, the teacher creates a 'community of scholars'.  Students communicate ideas and make sense of others' ideas.  Four techniques suggested to facilitate the group discussion are to question students' answers whether right or wrong, insist that all students try a contribution to the group, stay in the discussion long enough to direct a positive tone, and have all students self-evaluate their own ideas (Gadinidis, 1994).  Using the transcript of a CMC the teacher can monitor each student’s progress and give structure to help students meet the goals.

In using constructivist methods teachers may err on the side of students’ constructs or on the side of scholars.  That is, by either not correcting the students' constructions to bring students to consider scholarly constructs or allowing too little exploration of the students' constructs before presenting the 'right' answer.  "What is essential for bringing the two types of constructions together, however, is teacher-student dialogue." (Zahorik, 1997)  Teachers must join the discussion to challenge both students and scholarly constructions.  The objective of the teacher-facilitator is to continue the discussion so that students continue to view their constructions in terms of the experts.  It is a delicate balance that the facilitator must make to assess the discussion as productive, effective and efficient (time-wise), a chore that the CMC offers tools unavailable in traditional face-to-face discussions.

An aspect of constructivism has to do with conflict.  Within a context of growth and cooperation, conflict is the source of developmental progress.  It is not the teacher's intent to avoid conflict.  It is the facilitator/teacher's job to help students negotiate the frictions that inevitably surface and provoke them to challenge ideas (Brooks, 1990).  The facilitator models higher-order thinking by asking questions that probe students' knowledge deeply.  Interactions remain at the meta-cognitive level.  (Talk about the thinking.)  The facilitator's role is to challenge the learner's thinking.  The facilitator and students will constantly ask questions such as: What does this mean?  What are the implications of that?  The students gradually will take over the role in collaboration (Duffy and Cunningham, 1996).

Methods

Constructivism is an epistemology, a philosophical explanation about the nature of knowledge.  Although it might provide a model of knowing and learning that could be useful for educational purposes, at present the constructivist model is descriptive, not prescriptive (Airasian and Walsh, 1997).  Methods to implement constructivist ideas are therefore experimental until confirmed by research.  CMC based teaching offers the researcher the transcript of the class and some control over treatments.  For example, Wheatley's (1991) problem-centered learning approach has three components: tasks, groups, and sharing.  Wheatley suggests that students be given tasks that are problematic for students, that students work on these tasks in small groups and that finally groups meet to share results.  The bonus of Wheatley’s model is the meta-cognitive skills in understanding how one solves problems compared to others in the classroom (Crowther, 1999).  Again, CMC offer ways the researcher can measure the method use and analyze the results.  In this example the researcher can compare treatments of task, group discussion, and sharing using CMC transcripts.

Although most constructivist classrooms feature active, social and creative learning, different kinds of knowledge invite different constructivist responses, not one standard constructivist approach. How can a teacher create appropriate targeted constructivist responses to learners' difficulties?  One approach to the challenge recognizes that different kinds of knowledge - inert, ritual, conceptually difficult, and foreign - are likely to prove troublesome for learners in different ways.  It is the search for understanding that motivates students to learn.  When students want to know more about a topic, idea or discipline, they put more cognitive energy into investigation and discussion (Brooks and Brooks, 1999).  CMC allow the facilitator to match the kind to knowledge sought to method of construction, such as group discussion, or role-play, or critical review because of the asynchronicity and inclusiveness of the medium.

Arguments against these methods include: Constructivist techniques often require more time than do traditional educational practices. Learners sometimes persist in discovering the wrong principles. Constructivist learning experiences can exert high cognitive demands on learners, and not all learners respond well to the challenge. Constructivist techniques can even seem deceptive and manipulative (Perkins, 1999).  The student may resent the requirement for discussion or interaction as a means of displaying acquisition of knowledge.

In a study comparing students' preferences and perceptions of constructivist-style teaching environments, students preferred methods of being taught science did not occur in any courses taken.  There was a drop from the students' preferences in the Constructivist Learning Environment Survey (CLES) administered at the start of the semester to the perceived portion given at the end of the semester (Cannon, 1997).  Students evidently do not regard discussion as learning.  Having mandatory discussion as part of the course grade seems fair to them, but students do not regard the instructor's evaluation of the discussion content as reflective of their learning.  Students as well as instructors have adjustments to be made to recognize learning processes and outcomes (Nulden and Hardless, 2001).

Collaboration

Constructivism describes an internal psychological process.  In the classroom, students and teachers negotiate both their means of acquiring credibility as member of a group and their emerging understanding of the content of the curriculum.  These negotiations occur as each participant actively seeks to learn about himself, the other group members and the content of the course (Brooks, 1990).  We can only evaluate whether meaning is shared by testing the compatibility of our individual meanings: exploring implications, probing more deeply.  We probe at deeper and deeper levels to determine where or if our understandings begin to diverge (Duffy and Cunningham, 1996).  The traditional class provides a lively interaction among students and teacher but it is too quickly over and may easily not include everyone.  It is the asynchronous CMC that can extend the discussion at the discretion of the students and include all students at the instance of the instructor.  The probe of shared meaning can extend until the CMC discussion group has reached agreement.

A social dimension to learning - what is sometimes called collaborative or cooperative learning  - often, although not always, fosters learning. (Perkins, 1999)  One study found that students working collaboratively in either small or large groups were more interested in the material and perceived themselves to learn more than students that worked individually.  However, students that worked individually outperformed students that collaborated in small or large groups before working individually. (Leidner and Fuller, 1997)  One solution to the problems of the collaboration of large groups may be to use a discourse structure or template, a different template for each category of topic (Turoff et al., 1999).  Only available in CMC, this technique may allow the teacher to match the kinds of knowledge under consideration to the template.  Each kind of knowledge may be acquired in a different structure of interactive discussion.  The template selected by the teacher to organize the non-linear discussion can be tested for effectiveness and student satisfaction.  Essentially the template allows students to pose ‘questions’, make statements and read the group’s construction of common knowledge.

Questions

Constructivist teaching practices help learners internalize, or transform, new information.  In this active, constructive process, the brain makes the best interpretation it can, according to its previous experiences and the limited information available.  Assessment techniques must permit students to express their personal understanding of concepts that is uniquely theirs (Holloway, 1999).  The ability to think - to be lifelong seeker and integrator of new knowledge - is based on the ability to ask and consider important questions.  By learning question-based problem-solving strategies, students become more effective thinkers and learners (Richetti and Sheerin, 1999).

Individual Cognitive

There are two versions of constructionism extant among proponents.  The 'developmental' theories from Piaget are the more traditional.  They emphasize universal structures of knowledge to guide the making of meaning.  In this version (individual cognitive) the individual student is considered to be the meaning maker of personal knowledge.  The second version of constructionism is seen in the situated social constructivist perspective, emphasizing social construction of knowledge.  Here knowledge is seen as constructed by the individual's interaction with a social atmosphere (the situation), resulting in change for both the individual and the social group (Airasian and Walsh, 1997).  Recognition of social and cultural influences on constructed knowledge is a primary emphasis discussed below. 

The individual cognitive approach derives from Piagetian theory (Scheurman, 1998).  Learning is seen to occur when the learner's expectations are not met.  The student attempts to resolve the conflict, or, alternatively put, individuals literally construct themselves and their world by accommodating to experiences.  The conflict is known as disequilibration, or perturbation or puzzlement.  Other people, by far, offer the most effective and ready-at-hand source of perturbation of a learner's current understanding.  Hence, within this framework, the focus is on the individual within the group, and cognition occurs in the head of the individual (Duffy and Cunningham, 1996).  Piaget argued that we never know objects, as they are "out there" in external reality.  Objects can be known only by assimilation into the schemes that we bring to each situation.  “…educators must understand how children have acquired the knowledge they already have, and how this knowledge is related to that of adolescents and adults.”  The three kinds of knowledge are physical, social (conventional) and logico-mathematical knowledge.  Piaget's distinction among the three is based on their ultimate sources and modes of structuring (Kamii and Ewing, 1996).  Here we argue that in the context of asynchronous CMC teaching, it is the group that relates the conflict for each other.  A mental model of the structure of the particular kind of knowledge is placed in play in the CMC discussion and the learner experiences reinforcement or reconstruction.

Socio-cultural

Vygotsky stated that learning takes its source from a social environment (Scheurman, 1998) and thus individual cognition is derived from socio-cultural interaction with a group of peers and teachers in a joint construction of knowledge.  This non-linear learning is a construction through self-discovery in the group context.  Learning is by 'leaps and bounds' rather than incremental developmental steps as proposed by Piaget.  In Vygotsky's view, students interact in a social setting to negotiate meaning.  The individual student develops his own meaning while interacting with others.  Students will contribute to a democratically derived result.  The classroom should be an egalitarian setting, to be facilitated by the teacher.  Students should participate in the development of the curricula and class rules (Jaramillo, 1996) (Airasian and Walsh, 1997).

The socio-cultural approach emphasizes the socially and culturally situated context of cognition where learning occurs as people participate in shared endeavors with others, with all playing active but often asymmetrical roles in socio-cultural activity.  Learning, then, is a process acculturation, and thus the study of social and cultural processes and artifacts is central.  Learning is an inherently social-dialogical process.  Hence, our reason for using groups is to promote the dialogical interchange and reflexivity.  Cognition is distributed among the artifacts in the activity.  This view of distributed cognition significantly impacts how we think about the role of technology in education and training.  The focus is not on the individual in isolation and what he knows, but on the activity in the environment.  It is the activity (focused and contextualized) that is central.  The richness of computer technology permits us to provide a richer and more exciting (entertaining?) learning environment that will better engage the student in learning the material being presented (Duffy and Cunningham, 1996).  Those students who experience high levels of communication with other students and with their professor were most likely to judge the outcomes of the online courses to be superior to those of traditional courses (Hiltz, 1990).  It is the activity that is satisfying and perceived superior.  With the activity comes construction of knowledge.  How that activity is designed to be supportive of the individual in accomplishing some task, what an individual can do being part of a specific culture that would not be possible if he were not part of that culture, and the changes in the individual, all in turn, change the culture (Duffy and Cunningham, 1996).  CMC seems the ideal context to engage students in the activity to the fullest extent possible.  It is a mixture of asynchronous thoughtfulness and synchronous spontaneity.

Zone of Proximal Development

Vygotsky developed a notion of 'zone of proximal development' to show a student's learning environment as all around both forward and backward.  This zone is the social connection area for teacher and peers.  When the student is considering concepts just outside the zone it is activated to interact with those concepts for construction of new meaning and the extension of the zone.  This process he likened to 'scaffolding' in that the student progresses from level to level by erecting scaffolds around the construction of learning (Jaramillo, 1996).  Think of the progress through a planned discussion on the CMC such that new concepts are introduced as a continuation of the previous week’s topic.  Each student recording his ‘scaffold’ in the asynchronous discussion produces a collaborative sum of knowledge with teacher confirmation.

Vygotsky stresses that two types of constructions are essential for understanding.  He contends that students' constructions (he calls spontaneous concepts) and experts' constructions (he calls scientific concepts) develop in reverse directions.  A spontaneous concept works its way up until it reaches a level that permits a student to absorb a scientific concept.  Scientific concepts work their way down to supply logic and structure to spontaneous concepts.  Teacher - student dialog brings the two types of constructions together (Zahorik, 1997).  Zone of proximal development is "the distance between the actual developmental level of a child as determined by independent problem solving and the level of potential development as determined through problem solving under adult guidance or in collaboration with more capable peers."  Lev Vygotsky  Doesn’t that sound like asynchronous learning networking?

Instructional Model

Figure 1.  CMC contribution to constructivist learning
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Social presence and swift trust are the socio-contextual drivers of the virtual classroom® that lead to online construction of knowledge.  The model shown in figure 1 depicts the theory of social presence as contributing to the discussion as it predicts by encouraging the individual to perceive that interaction with fellow students as enjoyable and valuable.  Swift trust theory predicts that the group as first assembled online will expect reciprocal effort and open discussion from the previously unknown fellow students.  The persuasive and frank discussion of the subject studied enables students to exchange ideas and previous experiences to construct knowledge upon the common denominator of the group.

Social Presence Online

Social presence is the degree to which a medium is perceived as conveying the presence of the communicating individuals (Short et al., 1976).  Social presence theory is related to media richness theory (Daft and Lengel, 1986) in that both predict the effect of medium choice in the communication of information.  “The essential underlying principle in both theoretic traditions is that a good match between the characteristics of a medium (such as high in social presence or media richness) and one's communication activities (such as socio-emotional activities like getting to know someone, or equivocal tasks like strategic decision making) will lead to 'better' (more effective, satisfying, etc.) performance" (Rice, 1993 p453).  Short, et al. (1976) reviewed and conducted social psychological surveys and experiments that suggested how media might influence such aspects as the subjective presence of others, conformity, feedback, information transmission, bargaining, persuasion, problem solving, cooperation, conflict resolution, perception of others, getting to know someone, idea generation, and group cohesion.  Finally, they concluded with a set of activities justified by this prior research as likely to be affected by differences in a medium's social presence: exchanging information, problem solving and making decisions, exchanging opinions, generating ideas, persuasion, getting the other on one's side of an argument, resolving disagreements or conflicts, maintain friendly relations/staying in touch, bargaining, and getting to know someone (Rice, 1993).

Presence as social richness: is the extent to which a medium is perceived as sociable, warm, sensitive, personal or intimate when it is used to interact with other people.  The social presence ranking thus depends on the interaction of the medium and the task at hand and is based upon the subjective judgment of the user.  Presence as social richness is related to two important concepts originally applied to non-mediated interpersonal communication: Intimacy and immediacy.  Because it is a perceptual illusion, presence is a property of a person.  However it results from an interaction among formal and content characteristics of a medium and characteristics of the media user, and therefore it can and does vary across individuals and across time for the same individual.  Presence in general is thought to have an intensifying effect on media users, increasing or enhancing enjoyment, involvement, task performance and training, desensitization, persuasion, memory/socio-emotion, and para-social interaction. (Lombard and Ditton, 1997)

Interpersonal and mediated communication channels complement and may substitute for each other.  Research has shown that people choose among interpersonal and mediated channels to fulfill interactive and informational needs, depending on availability and individual perceptions of a medium, and the need to be fulfilled.  Perceptions of social presence influence CMC motives and outcomes.  For example, Perse, et al. (1992) found that college students who rated computers as more socially present, tended to use them more often and to find them more helpful in learning.  Social presence was associated with convenience, and interpersonal uses as opposed to informational seeking uses.  In fact, interpersonal utility and information seeking were linked to opposing user profiles.  It appears that those who were more mobile, economically secure, satisfied with life, comfortable with approaching others in an interpersonal context, and who felt valued in their interpersonal encounters preferred the more instrumental Internet uses, such as information seeking.  Those who were less satisfied and who felt less valued in their face-to-face communication used the Internet as a functional alternative to interpersonal communication, or to fill time (Papacharissi and Rubin, 2000).

Although Short, et al., (1976) regard social presence as a quality inherent in the medium, they measure it in terms of individual perceptions, usually using semantic differential scales, and hence convert it from an objective to a subjective property of the communication system (McGrath and Hollingshead, 1994, p. 54).  The relative lack of social presence online fosters relationships with people who have more diverse social characteristics than might normally be encountered in person.  It also gives participants more control over the timing and content of their self-disclosures (Wellman, 1997).  This places social presence squarely in property set of the individual and studies of the effect are studies of the individual in the context.  “Given the theoretical understanding of interactive constructionist learning outlined above on the one hand and the empirical requirements and objectives of teaching and learning in academic seminars in practice on the other hand, the design of interactive systems with possibilities of establishing high degrees of presence seems more appropriate for seminars than deploying conventional presentation oriented learning environments and systems” (Johannsen et al., 1999, p. 51).  Which is just the point of collaborative/constructivist learning pedagogy.  The seminar is designed in the CMC context to be effective for the individual as collaborator.

Swift Trust in Temporary Teams

“… from where is trust imported to global virtual teams (online class), and how is trust maintained via electronic communication?” (Jarvenpaa and Leidner, 1998, p.6)

Meyerson, Weick, and Kramer (1996) developed the concept of swift trust to study temporary teams, those whose existence is finite and who are faced with a common task.  Such teams (classes) are formed of individuals with diverse skills apropos to the task (subject studied) and limited history of working together, moreover with little prospect of working together in the future.  The students work under time pressure and have limited time to develop relationships.  Because of the limited time to exchange expectations of others, individuals bring expectations from previous experience.  The individual’s first impression forms a stereotypical impression of others in the class.  From that stereotype swift trust is established at a level that will never again be exceeded.  Too low a level causes students to drop the course, too high a level and students are destined to be disappointed.

After the initial interaction, trust is maintained by active, proactive, enthusiastic, generative style of action on the part of all participants including the teacher.  Action maintains trust in a self-fulfilling manner, such that, action itself will maintain members confidence that the group will be able to resolve the uncertainty and vulnerabilities.  Whereas trust is traditionally based upon relationships, swift trust de-emphasizes interpersonal dimensions and instead is initially based upon broad categories of social structure and later on action, in this case communication.  Since class members initially import trust rather than develop trust, the level of trust may reach its peak at the start of the class (Meyerson et al., 1996).  It is the teacher as facilitator/collaborator who can provide the continuous support of trust in the class.  Asynchronous learning networks with 24/7 discussions are especially useful for this task.  Continuity of interaction is seemingly achieved in the CMC.

The theory of swift trust assumes team members have clear role divisions.  Inconsistent role behavior, such as CMC 'flaming', or the blurring of roles, such as assuming a pedantic role, erodes trust.  The theory assumes that individuals come from many backgrounds, have periodic synchronous meetings, and report to one individual (the teacher).  Teams that establish trust early are more likely to be able to handle uncertainty and complexity.  It seems that first impressions count.  The establishment of swift trust is likely to lead to increased instances of expression of commitment and excitement.  The expression of such statements increases the attraction to the group, likelihood of agreement, and cooperation.  However, the theory of swift trust discounts member support and group-well-being as unnecessary.  This is because those are needed to develop trust beyond the initial level.  Jarvenpaa and Leidner (1998) suggest instead that the theories of swift trust and TIP theory are complementary in that one follows the other temporally.  Trust may be imported but it is more likely to be created via a communication behavior established in the first few keystrokes.  Communication that discusses the task (course subject) appears to be necessary to maintain trust.  Social communication that complements, rather than replaces task communication strengthens trust.  The comment-responding behaviors of participants, swift and supportive, are as critical as initiating behaviors.  Members have to verbalize their commitment, excitement, and optimism.

Adaptive Structuration by Groups

Adaptive structuration explains the effect of an information system in terms of how the group uses it and how the group is changed by that use.  Groups may adapt a particular system to serve the needs of the particular situation.  "We can expect that user will alter systems as they use them.  The key is to understand how users alter systems, thereby enacting socio-technical change within the group." (Hiltz, Dufner, Holmes, and Poole, 1991, p.142)  Burke and Chidambaram, 1994, found support for Adaptive Structuration Theory in a longitudinal study of three modes of discussion groups (FtF, sync CMC, async CMC) in that no effect on group cohesiveness was detected.  Groups with a goal can adapt the medium structure and group behavior to accomplish the needed steps no matter the medium or initial conditions.  The study further found that perceptions of social presence were independent of meeting context.  The ultimate in adaptive structuration is when the virtual world becomes the real world, a state that Turoff, (1997), calls 'virtuality' or agreed upon reality.

These results may be the echo of the early studies of group behavior such as done in early DSS:  “The major empirical finding of the study showed no significant difference between the overall amount of influence behavior attempted in computer-supported versus unsupported groups, although significant differences were found in the pattern of influence behaviors, i.e., the different types of behaviors used.” (Zigurs, Poole, and DeSanctis, 1988,p.625)  Fulk, Schmitz and Schwarz, (1992) argues that although context and behavior cannot be distinguished in the sense of Structuration Theory that temporally taking one or the other as cause or effect that the CMC can be analyzed.

Group adaptation of the technology is not always in the manner expected by the designer.  The range of options the users take can be quite broad and include a return to manual techniques.  “Results suggested two patterns of adoption of SAMM [a DSS]: (1) groups that accepted the technology and used it throughout their meetings, and (2) groups that discarded the technology and ceased to use it.”(Zigurs, DeSanctis, and Billingsley, 1991,p.51)  Group adaptation of CMC may involve use of some features of the CMC as signals to group behavior.  For example, Dubrovsky, Clapper, and Ullal (1996) demonstrated group acceptance of one member as leader merely on the basis of that member's use of a distinct window of communication.  The group structure adopted the CMC structure as its own.

Students that work on a physically shared workspace collaborate using more social discussion than students that share a workspace remotely through CMC.  It seems that the students using separate computers have a sense of 'privacy' that they are reluctant to break to speak to their collaborating partner.  They may have failed to connect the partner in the computer with the partner using the side-by-side computer (Steiner and Mohler, 1994).  Adaptive structuration of the CMC is not automatic.  Simply using the system will not eventually produce a satisfaction by the group.  Many factors influence the successful introduction of what is really a socio-technical system that includes the users as well as the computer application (Hiltz and Johnson, 1990).

It should be expected that the designer of the CMC will attempt to structure the medium to meet the needs of the users and several schools of how to do this exist.  Primarily the large group support system of the American school and the facilitator support system of the European school are adapting the CMC technology to the designer’s perception of the needs of the users (Wagner, Vogel, and Eden, 1996).  “Data from 18-month operational trials of the EIES system indicate that the range of features considered valuable in a computer-based communication system increases with the amount of experience gained by using this medium of communication.” (Hiltz and Turoff, 1981, p.739)  “Unless computer-mediated communication systems are structured, users will be overloaded with information.  But structure should be imposed by individuals and user groups according to their needs and abilities, rather than through general software features.”(Hiltz and Turoff, 1985, p.680) 

"The results of our research suggest that much of the power of [email] may stem form changing the nature of information and informants, not just the quantity and speed of information." (Sproull and Keisler, 1986, p.1511)  Rice and Love, (1987) agree that both content and structure must be considered as subjects of investigation when analyzing CMC.  However there has been attempts to modify the structure of the email system to fill the needs of the content by providing semi-structured formats for writing and reading email in the hopes of more efficiency (Malone, et al., 1987).  Sproull and Keisler, 1991, however argue that a more important second level effect of email is to change the organization structure.

The range of methods of research of CMC can include various techniques from the field of sociology.  Paccagnella (1997) discusses the advantages of using ethnographic techniques to record and analyze the mostly text based CMC discussion.  This reduced complexity of the structure of the world under investigation may be the advantage ethnographic techniques offer to combine a mix of qualitative and quantitative analysis.  The user adaptation of the CMC to create a world online may be an easier venue to analyze than the real physical world group.  Jones, (1997) prefers the tools of archaeology to look at virtual settlements.

“A review of the current research on the impacts of GDSS reveals that the alternative frameworks for their evaluation can be re-conceptualized as consisting of four major categories of variables: Contextual or independent variables; Intervening variables; group Adaptation processes; and Outcomes.  Different outcomes [measures of effectiveness] have been observed depending upon the initial set of independent variables and the group processes [influenced by intervening variables] that result in a specific adaptation or 'adaptive structuration' of the technology provided.”(Fjermestad, Hiltz, and Turoff, 1993

A framework for evaluating how individuals use communication channels would help in establishing attributes that they use in deciding to use a channel.  Zmud et al. (1990) pull together three research areas: information acquisition, information richness, and channel access.  Students are known to acquire information from the easiest channel and not necessarily the most fruitful channel.  The channel that has the richest information offered is likely to offer students the most satisfying experience.  When the channel is not accessible as in the case of a technology not reaching ‘critical mass’ then students will be less likely to expect other students are also using the channel.  Attributes generated from these three axes would help to predict channel usage by students.

Asynchronous CMC

A typical asynchronous conferencing system design is described in Palme and Tholerus, 1992.  Structure of the presentation and ease of retrieval are major design considerations.  A review of contemporary conferencing systems can be found in Turoff, 1991.  Another attempt at organizing the sometimes chaotic process of asynchronous group communication can be found in the ‘Coordinator’ that directs all user interaction with the group (Flores, et al., 1988).  "… computerized conferencing systems allow a much greater amount of lateral communication than is now possible in organizations."(Turoff and Hiltz, 1982, p.89)  An early social psychological analysis of CMC referred to the blending of the office and home use, the boardroom and the ball field, in use by the participants (Kiesler, Siegel and McGuire, 1984).  Would the social context of the online classroom proceed to the point of common use of flaming and psychological aberrations?  The conclusion by Lea, et al., (1992) is that the incidents of flaming are rare and the expressions used in CMC are an adaptation to the media.

However the reason for use of the CMC in non-entertainment environments is to increase effectiveness of the group (productivity).  “…pre-use expectations were the strongest predictor of productivity” found in a study by Hiltz, (1988).  Further reporting on the same study (Hiltz and Johnson, 1989) found that system use, satisfaction and outcomes are not highly correlated.  This would imply that students may be forced to use the CMC and even may express satisfaction with the process or technology but still not perceive benefit.  Although CMC increases the quality of the group's decision the participants have less confidence in the decision (Pinsonneault and Kreamer, 1990). 

An important method of analysis of asynchronous networks is the traditional analysis of links between actors in those networks.  Much as the links between webpages and websites reveal relationships of the authors of those artifacts (Jackson, 1997), the contacts between actors on the asynchronous CMC can reveal their relationship and appropriation of the media.  The researcher wants to know more than just who and how the media is being used.  It is important to understand what is being communicated and why (Garton, Haythornethwaite, and Wellman, 1997).

Research has shown that combining face-to-face meetings with asynchronous CMC discussions is more effective than decisions reached in just face-to-face meetings or in just synchronous CMC.  The degree of satisfaction with the process was not found to be mode dependent but the combined mode participants  were more satisfied with their resulting decisions (Ocker, Fjermestad, Hiltz, and Johnson, 1998).  It is found that larger groups using brainstorming techniques are more effective when they are using CMC.   The benefits of parallel input and anonymity are thought to be the main contributors (Gallupe, et al., 1992).

To study CMC it is necessary to consider the three-way interaction of the technology with the individual users and the users as a group.  This 'systems contingency' approach to CMC research yields results in terms of user satisfaction and group well-being (Hiltz and Johnson, 1990) (Hiltz, 1992).  To study the individual user we look to methods of social psychologists.  The study of groups requires attention to the effect of the group on the individual, the group interaction process, and group productivity (McGrath, 1984).  The CMC may be specifically intended for the support of groups: (1)Groupware as mechanism - making groups work through the use of explicit forms and procedures, (2)Groupware as context or open space - allowing groups to self-organize.  A group is a living system, and its work is a creative, dynamic process.  Appropriate forms come and go (Johnson-Lenz and Johnson-Lenz, 1991).  The extension of this groupware concept can be the creation of virtual communities within virtual settlement all with the boundaries of CMC (Jones, 1997).

Synchronous CMC

"… the students in this course typically checked to see if any of their classmates, or their instructor, were logged on when they were, with the result that they engaged in numerous spontaneous small group chats.  Such chats helped the students to improve their skills in a non-threatening setting as well as enhance their communication with the individuals involved in the chats" (Murphy and Collins, 1997, p.17).  In a study of synchronous chat forums the researcher found chaotic incoherence that was used to advantage by the participants to extend the communication beyond what is possible in face-to-face encounters (Herring, 1999).

In a study using DSS it was found that having a designated leader and also using statistical feedback on the discussion was contradictory in that less well-thought-out decisions were the result.  It seems that the best decisions come as a result of vigorous discussion with a natural conclusion (Hiltz, Johnson, and Turoff, 1991).  ).  In a further study it was found that decisions are better accepted when the primary user of the CMC is designated recorder (chauffeur driven) and the participants communicated face-to-face (Dickson, Partridge and Robinson, 1993).  In any case, the use of a facilitator/chauffeur produced better results than the absence of a facilitator (Limayem, et al., 1993).  Dennis, (1996), found that the presence of information does not assure that the participants will use that information and typically ignore it to the peril of the group decision.  Participants were found to be willing to conform to the group bias despite the presence of information in their midst.  In analyzing data from online courses "The most important influence on involvement and participation was teaching style"(Webster and Hackley, 1997, p.1303).  It seems that the use of computers to aid the synchronous meeting is still left to be proven.

Even the attempt to add realism does not produce positive effects.  “…Results showed that with video, work was as good in quality as that face-to-face; with audio only, the quality of the work suffered a small but significant amount.  When working at a distance, however, groups spent more time clarifying to each other and talking longer about how to manage their work.  Furthermore, groups rated the audio-only condition as having a lower discussion quality, and reported more difficulty communicating.  Perceptions suffer without video,  and work is accomplished in slightly different manner, but the quality of work suffers very little.”(Olson, Olson, and Meader, 1995, p.382)

Conclusion

Asynchronous CMC will contribute less to social presence levels than synchronous CMC.  That is the hypothesis posited by media richness theory (Daft and Lengel, 1984) and in this paper.  A social presence will be enhanced in the perception of the user/student when immediate feedback is available in the CMC.  So the ratio of synchronous to asynchronous CMC used in the class we expect to be correlated to the level of social presence and thus the construction of learning.

It can be seen that the indicators of social presence, such as enjoyment, involvement, persuasion, etc. are also among indicators that constructive learning is taking place.  Swift trust supports collaborative teamwork through participant trust in the initial action and thus direction of the group.  The simple fact of the discussion existing as an inviting place to visit (and work) generates interaction and constructive learning.  In general the unique nature of CMC has the potential to serve as an enhanced constructive context.

Media richness or information richness is so intuitive that we hope that a measure of that quality will predict the success of the use of a CMC channel by the group.  The lack of confirmation by attempts to do so may be due to the changing needs of the group (and individual) over time.  Thus synchronizing the media characteristics with the groups’ needs may yet yield a reliable predictive theory.  In the end the human nature of the group will eventually adapt the CMC to its own needs and restructure both the CMC and the group.
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