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Abstract

This study examined higher order perception and cognition as a basis for the rapid use of knowledge in complex tasks among distributed team members.  Theories of knowledge construction suggest that complex problem-solving teams, acquiring perceptually-anchored knowledge and engaging in perceptual contrasts and comparisons, will spontaneously access knowledge given similarly situated problems.  Our premise is that perceptual anchors also provide the basis for formulating team mental models, which can be used to assess situations and resolve differences in individual, unique knowledge.  Because distributed cognition often incurs through shared information spaces, this study utilized higher order chat-rooms to enact a distributed cognitive environment.  Initial analyses support previous research (McNeese, 2000) that has examined the role of cognitive processes in facilitating knowledge acquisition and transfer.  Results also highlight needs for the design of collaborative technologies that potentially may improve effectiveness and efficiency in appropriating better command and control structures.

Introduction

The world presents itself and all it has to offer to decision makers through a variety of media that requires perceptual differentiation in order to construct knowledge in a social setting.  The requisite variety in team cognition requires a kind of give-and-take between sharing and perceptual differentiation (convergence and divergence) wherein teams can quickly establish common ground, yet learn and generate unique contributions.  Without common ground at various levels of the process the team will not be able to focus and act as a group, but will act more like a loosely coupled collection of individuals only seeing the world on their own terms.  One variable expected to create differences in knowledge convergence/divergence is collocated versus distributed cognition and its impact on the rapid discovery of knowledge differences.  The affordance of being separated via electronic means could offer some disadvantages (and/or advantages) for discovery of salient differences regarding knowledge use.  Some of these advantages or disadvantages may be highly coupled with the theory behind what we predict will initiate changes in this kind of situation.   

Mental Models

In the remotely distributed team situation that poses ill-defined elements and time pressure, team members have to share data, information, and knowledge in order to recognize what the problem is, and how to begin going about identifying and solving the problem with the knowledge they have.  The derivation of a Team Mental Model (Endsley & Jones, 2001) may now be the basis for distributed cognition and creating opportunistic openings (bridges) that facilitate access of individual unique knowledge as part of the team cognitive process.  

Shared mental models are defined as representations of information within each team member’s mind, that are jointly held by several (if not all) members of a team. It is these mental models, which allow members to reason and predict the thoughts and possible actions of their teammates, that will ultimately compensate for team members’ inabilities to communicate and strategize on as-needed bases (Stout, Cannon-Bowers & Salas, 1996).  This may especially be the case in distributed cognition wherein teams must use information via collaborative and communication technologies that restrict normal face-to-face coordination.

The increasing amount of knowledge to be learned can hinder performance on everyday cognitive tasks. Thus, it is necessary to promote the acquisition and use of flexible cognitive structures to enhance problem solvers’ acquisition and application of knowledge in a variety of contexts and domains. The creation of flexible cognitive structures may lead to transfer, a valuable tool for problem solving. (Gick & Holyoak, 1980). 

Transfer
Transfer refers to one’s ability to notice and utilize corresponding information from a familiar domain in a novel, unfamiliar one (Gick & Holyoak, 1980; Smagorinsky & Smith, 1992).  The problem solver is required not only to notice the underlying structure of the acquisition task, but also to attend to the structure of the novel task. Additionally, the problem solver must recognize that the two tasks share the same structure, in order to be able to map shared elements from the acquisition to the target task. Finally, the problem solver must be prepared to apply information learned at the acquisition phase in order to perform the target task.  Thus, teaching problem solvers the conditions under which it is appropriate to transfer may facilitate their performance on a variety of everyday cognitive tasks. 

Hypothesis 1:

Unique contributions of individual knowledge to support and enhance common team knowledge may be predicated on an inability to transfer knowledge to a novel task or domain.
Perceptual Anchors

Problem solving requires both common ground and unique individual knowledge for optimal solutions.  Here, establishment and articulation of a common ground with perceptual anchoring is of utmost importance for quickly integrating disparate beliefs.  Perceptual anchors create a shared experience of the problem (i.e., joint and mutually agreed upon recognition of affordances, effectivities, and constraints) that can become the basis for distilling a shared mental model.  When knowledge is acquired (anchored) and differentiated in a perceptual environment, subsequent use of that knowledge for similar, analogous tasks or domains - without being told or informed to do so - is increased. 

Hypothesis 2:

Having an anchor solidifies mental models, promotes access of spontaneous knowledge, and enhances knowledge construction especially for ill-defined problems.  

Hypothesis 3:

When agents can be perceptually anchored together to have an express commonly shared ground for transactivity (also referred to as a common operating picture or common ground), then disparate actions may not be negative, but rather may be useful for perceptual differentiation and sources for articulation that lead to more robust solutions.  
Previous Research

Previous research using Jasper (a video-based, search and rescue paradigm, McNeese, 2000) investigated whether problem solvers working in groups performed better at solving complex problems than independent problem solvers, and also how the learning processes of groups versus individuals at the acquisition phase influenced transfer of knowledge to a target problem.  Results indicated that one key to establishing common ground given disparate and distributed levels of team cognition, is the perceptual anchor.  The perceptual anchor led to benefits for individuals and teams and facilitated further articulation and use of metacognitive strategies in the team condition.  Additionally, the results demonstrated that working with a problem grounded in perceptual attributes resulted in specific transfer outcomes on a novel, yet structurally similar task (known as Repsaj).  Thus, if knowledge acquisition can be represented in a way that highlights perceptual contrasts and comparisons, we may be able to predict the knowledge that team members are likely to use on subsequent tasks. 

Current Study

This study investigated issues relevant to distributed cognition, knowledge acquisition, and transfer.  Specifically, the purpose of the study was to initially explore the role of distributed computer-supported problem solving among groups and to compare these results to control, individual and enhanced (combination of individual and cooperative) learning conditions in an acquisition and transfer task. Three types of transfer were investigated: (a) group-to-individual, (b) individual-to-individual, and (c) enhanced-to-individual transfer.  Additionally, this study investigated the role of personality characteristics and individual differences (trust, self-consciousness, self-monitoring, perspective taking, teamwork schemas, and background information) on college students’ ability to solve problems by transferring information from a familiar domain (acquisition task) to a less familiar one (transfer task). 

Methods

Participants
The participants were 240 undergraduate students enrolled in courses in a large rural university. Thirty participants were randomly assigned to the control condition. Thirty participants were randomly assigned to the individual condition. Ninety participants were randomly assigned to the cooperative condition, and then randomly assigned to groups of three. Finally, 90 participants were randomly assigned to the enhanced condition (combination of individual and cooperative), and were also randomly assigned to triads for the cooperative part of solving the Jasper problem. A random sample of 50 participants was selected for an initial preliminary analysis of the data.

Materials/tasks
The tasks involved in the study included an acquisition problem from the Jasper Adventure Series (Rescue at Boone’s Meadow, CTGV, 1993) and the Repsaj transfer problem (McNeese, 1993). Finally, an on-line recall measure assessed how much information students remembered from the Jasper and Repsaj problems three days after the problem-solving session (McNeese 1993; 2000).

	
	
	

	Table 1.  

Independent and dependent measures for the Jasper and Repsaj problems

	 
	 
	 

	Independent Variables
	Dependent Variables

	
	

	Condition
	
	Correct detailed mention (CDM)

	Control
	
	Mention

	Individual
	
	Attempted subproblems

	Group
	
	Solved subproblems

	Age
	
	Math errors

	Sex
	
	Corrected math errors

	Race/ethnicity
	
	Violations

	Class
	
	Corrected violations

	Freshman
	
	Misinterpretations/confusions/recall errors

	Junior
	
	Corrected misinterpretations/ confusions/recall errors

	Senior
	
	

	Graduate
	 
	 


Procedure

 During the problem-solving session, the Jasper acquisition problem was presented. Participants in the control condition did not view or attempt to solve the acquisition problem. Participants in the individual learning condition were presented the Jasper video and solved the problem individually. Participants in the cooperative learning condition solved Jasper together after watching the video. Participants in the enhanced learning condition first viewed and thought about the Jasper video individually, then were randomly assigned to groups of three to solve the problem. Participants in all conditions wrote down their thoughts while attempting to solve the problem. Next, participants in all conditions individually read and solved the (Repsaj) transfer problem. Finally, three days after the problem solving session participants were sent a recall task via electronic mail. They were required to write what they remembered from the acquisition and transfer tasks and electronically submit their responses to the experimenters. 

Results
Separate one-way ANOVAs were used on twenty-five participants’ transcripts to the Jasper problem to investigate whether participant age, gender, or ethnicity resulted in differences on any of the dependent measures presented in Table 1 on the Jasper problem. These ANOVAs indicated that there were no significant differences on the dependent measures due to age or gender differences. However, the data did show that men had a greater number of correct detailed mention information (CDM) in their transcripts as opposed to women, and that men attempted more solutions to the Jasper subproblems as opposed to women. An ANOVA on ethnicity found significant differences across participants on CDM, mention, attempts to solve Jasper subproblems, and misinterpretations/confusions/recall errors (see Table 1). It should be noted that for gender and ethnicity the number of participants in these groups is unequal and may have influenced the results.

Problem Solvers’ Performance on the Repsaj Problem

Separate one-way ANOVAs revealed a significant difference between conditions on the amount of information recalled from Repsaj three days after the research session. Participants in the control condition remembered more information compared to participants in the other two conditions. This may be attributable to control condition subjects having only to remember Repsaj information; thereby their memory load is much less in contrast to other conditions.  Additionally, participants in the individual condition remembered more information from Repsaj than participants in the group condition. Also, participants in the individual condition solved a significantly greater number of Repsaj subproblems, compared to participants in the other two conditions, the results revealed a trend for participants in the individual condition to have more correct detailed mentions of information from Repsaj than participants in the other two conditions. 

Separate one-way ANOVAs performed on twenty-five participant’s transcripts of the Repsaj problem were used to investigate whether participant age, gender, or ethnicity caused differences on any of the dependent measures presented in Table 1.  The results of the ANOVAs for age indicated that there were no significant age differences on the dependent measures. ANOVA results for gender showed that male participants attempted to solve a greater number of Repsaj subproblems compared to female participants. Finally, the ANOVA for ethnicity revealed nearly significant differences on two dependent measures; number of attempts to solve Repsaj subproblems and total number of information recalled from Repsaj three days after the session. As previously noted for gender and ethnicity, the number of participants may have influenced the accuracy of the results. 
Conclusions

The current preliminary study’s results are encouraging as they seem to initially indicate some replication of the McNeese (2000) findings on individuals and the cognitive processes that facilitate knowledge acquisition and transfer. More importantly, these results suggests that perceptual anchors are not well attended to as much of the demands of the team are focused on continuing to understand the problem via communication over the chatroom.  These teams do not pay attention to the details of the problem like individuals do and therein have not developed a necessary and sufficient mental model to enhance transfer from Jasper to Repsaj (this is similar to McNeese, 2000 results).

Other findings with respect to how different variations in cultural makeup impact acquisition and transfer of knowledge are extremely preliminary and unique as they represent some of the first studies of multinational-cultural effects flow into how people use knowledge individually and in teams. The results of this initial study, though constrained as indicated, present challenges that are at the heart of our research agenda.  Further studies will attempt to answer these challenges and provide a more solidified understanding on how individuals use unique knowledge to share understanding in a multicultural, multinational team working in a peacekeeping domain.
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