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Introduction

Industry is creating many types of collaboration tools.  These include not only general purpose group collaboration tools like e-mail and shared whiteboards, but also tools to facilitate group processes like brainstorming and negotiation, tools to help manage workflow, and tools that help people understand one another.  Experience shows that not all teams collaborate effectively all the time and for all tasks.  We hypothesize that teams are not taking full advantage of available collaboration tools and that doing so will improve team effectiveness.

The research described here, part of a Navy SBIR, seeks to identify and validate theory-based guidelines to help teams select the tools that are right for their team and their tasks.  Identification and validation of these guidelines requires taxonomies for tasks, tools, and teams, a cognitive-focused collaboration theory, and a validation process.

This research will build on the insight and expertise of expert practitioners.  Such practitioners have distilled many rules of thumb for effective collaboration.  Informed by taxonomies and a cognitive theory of collaboration, the SBIR guidelines to be developed here will both generalize these existing guidelines and focus them on those collaboration environments where they are most critical.

Taxonomies

The team, task, and tool taxonomies define and organize different types of collaboration.  These taxonomies allow the guidelines to be tailored and organized in terms of types of teams and tasks.  The SBIR Phase 1
 report describes the team and task taxonomies fully.  The tool taxonomy, developed more recently,  is summarized below.  

The team taxonomy characterizes teams among six dimensions:  distribution, roles and functions, team structure, team member dependencies, information and information flow, and decision making.  Each of these dimensions includes several dimension subcategories.  The subcategories for the distribution dimension, for example, are the different ways that teams can be distributed physically, temporally, by expertise, and by information. 

The task taxonomy dimensions are cognitive, workload, divisibility, and difficulty.  Like the team taxonomy, each dimension in this taxonomy also includes subcategories.  For example, the difficulty subcategories includes goal clarity, resource clarity, stakes, familiarity, information availability, time pressure, transparency (how easy it is to monitor what’s happening), and stability.

The tool taxonomy describes four general types of tools.  These are the general purpose group communications tools, special purpose facilitators of group processes, shared work and group sensemaking tools, and process support tools.  The first are the normal commercially available tools such as e-mail, VTC, web pages, instant messaging, chatting, etc.  They are designed to overcome the obstacles from time and space distribution.  The second group of tools is intended to improve group processes, even for people meeting together in the same room.  These include, for example, brainstorming tools.  The third group facilitates transfer of meaning.  The fourth group helps team members understand and track team and task status.

Theory and Models

The underlying theory will explain the connections between tools, cognitive understandings, information interchange and product assembly behaviors, and the quality and timeliness of team products.  This theory will provide the foundation for the guidelines.  Given the theory, we hope that most guidelines will become common sense.  The SBIR explains the theory using several different complementary conceptual models because we have not yet found any single model able to address all cognitive aspects of collaboration.  Models that promise to be useful address “teamwork and taskwork,” team feedback and agility, the interplay between individual and team processes, the coupling between understandings, behavior, and products, and the team’s transactive memory.

The transactive memory model seems especially well suited to understanding the cognitive foundations of collaboration.  This model is based on the work of a small team of researchers conducted over the past fifteen years.
  The transactive memory system itself consists of the collection of individual understandings and the team mechanisms to exchange information and so update these individual understandings.  The research data
 indicates that transactive memory is a very powerful intervening variable able to explain group performance.  That is, if the required transactive memory system is in place, then collaboration teams perform well.  If the transactive memory contains gaps and inconsistencies, then the group experiences various predictable problems. 

The transactive memory itself includes all of the understandings about teamwork and taskwork that our Phase 1 metrics assumed were important.  These include understandings about how to do the tasks required to perform the mission, understandings about the status of the situation and task, understandings of how the team is organized to function, and understandings about how the team is actually functioning now.  It includes the common ground elements (e.g., understanding of other team member’s capabilities, workload, knowledge).  Transactive memory model is also useful for understanding concepts of “team hardening” in which teams experienced working together usually perform more effectively than do new teams in which the team members do not know each other very well.

The transactive memory model describes various categories of individual understandings in terms of their relationship to the understandings of other team members.  Categories include the knowledge that each individual team member is responsible for, knowledge about who else in the team knows what and how to access it, private knowledge that each person needs to show when relevant, “meta-knowledge” about the adequacy and uses of knowledge, and team consensus knowledge, a repository for what the team has agreed to.

If the utility of the transactive memory holds up as a key intervening variable in the broad range of tasks and team types that the guidelines will address, then understanding the roles of collaboration tools will be greatly simplified.  In this case, the effectiveness of collaboration tools depends on how well they help the team put in place the transactive memory needed for successful teamwork. 

Guideline Identification and Development

These models and collaboration theory can help identify candidate guidelines on types of collaboration tools that best support various kinds of tasks by various kinds of teams.  These guidelines will build on the insights of experienced collaboration practitioners.  

A final, and most important step, is guideline validation.  Validation can arise through formal controlled experimentation, observations of exercises, consensus from practitioners, and validation of the underlying collaboration theory.

Metrics are key to formal evaluation.  They measure each of the different links in the tool-to-performance chain.  The SBIR team has identified metrics in eight categories:  for individual and team level understandings, for information interaction, for product creation and assembly, and for product quality and production efficiency.

· Product quality and production efficiency metrics are the same whether applied to individuals or teams.  They are the “proof of the pudding” metrics because teams that don’t do well in this category are not adequately accomplishing the mission for which they are formed.

· Product creation and assembly metrics address how well individuals and teams are developing products.  On an individual level, these metrics measure task performance, schedule adherence, adaptability, and problem handling.  An example is the fraction of products completed that don’t need revision.  Team metrics in this category may be roll-ups from individual metrics, or may be “emergent” properties.  An example of the latter is a measure of “fibrillation,” where the team members work a lot, but nothing goes together in a useful way.  This is captured by a metric that compares the team’s product to the sum of individual products.

· The individual and team information interaction metrics concern how well team member interactions generate the understandings that the team needs.  They measure the effectiveness of brainstorming, negotiating, discovering differences, and enriching ideas.  An example of a metric on an individual level is fraction of time a person asked the right team member for information.  An example of a team level metric is fraction of time team members spent in a meeting not relevant to their own responsibilities and not contributing to others.
· The individual and team cognitive metrics measure the level of individual and team understandings needed to support both teamwork and taskwork.  An example of an individual’s metric is the correctness of a person’s understanding of commander’s intent.  Team cognitive metrics can include aggregations, team gaps or peaks, and degree of alignment of individual understandings.
Next Steps

During the past eighteen months, the SBIR research team has generated taxonomies, models, and metrics for collaboration.  In the remainder of the SBIR, the team will generate and validate collaboration guidelines, with emphasis on best use of collaboration tools.  In the next step, the team will apply the emerging models to interpret the reasons for reported problems and the reasons why current guidelines work.  The team will then use these models to identify promising theory-based guidelines targeted on the highest priority types of teams, tasks, and problems.  The third step is the empirical validation of selected guidelines.  The final step is preparation of a book that will help practitioners apply the insights developed in this research.
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