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orderly manner, the original problem description/requirements, solution
plan/specification, and the coded/verified solution.

The collaborative structure of the presentation phase centers around providing
a documentation tool with shared access and the team deciding on essentially how to
use that tool most efficiently. Efficiency is measured on the basis of how quickly the
entire written presentation can be integrated.

The collaborative modality when a group is planning a presentation needs to
focus on standardizing the tools and style used during the presentation design. Team
members will be developing a section of the presentation based on the tasks assigned
to them, therefore, a standardized style will enhance the execution of the presentation.
Finished presentations can be posted in the documentation tool for easy access by the
presentation integrator.

The collaborative process is not only the development of the written project
presentation but also the execution of the verbal presentation. Depending on the
group proximity, the presentation can be completed by either one or all of the
members. The team will also need to vore on the standardized style and tools to be
used during the development of their individual portions of the presentation. During
the actual presentation, the media speed should be considered while deciding on the
method of presentation execution and tools to be used. The relative speeds of typing,
reading, speaking, and listening effect the amount of information available to and

processes by a group, thereby affecting process gains and losses (Nunamaker et al.,

1991).
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When presenting a large organized project the main collaborative side-effect
is synergy (Dennis & Valacich, 1993). The group will build on each other’s
presentation making the whole of the presentation greater then the sum of the
individual parts of the presentation. This will only occur is the group proximity
(Nunamaker et al., 1991) is close enough for the presentation to be executed as a
group. A negative side effect that could occur during a presentation is production
blocking. This is blocking associated with mutually exclusive access to a resource.
For example, in a verbal exchange only one person can speak at a time, so other
participants are blocked in the meantime (Dennis, 1996). Attenuation blocking is also
a possibility because it can occur during production blocking. This type of blocking
is when a member of a group forgets or suppresses expression of an idea that could
not have been expressed in a timely way because of production blocking (Nunamaker
etal., 1991).
The collaborative administration of developing both a written and oral
presentation focuses the decision of standardizing a tool and style of the presentation.
The team leader can facilitate a vote and identify a presentation integrator of all the

project components.

3.6.3 Dissemination

Most projects and vital project information needs to be disseminated to the
appropriate community of interest. The most significant cognitive process is the
performance component directing task organization (Sternberg, 1985). Individually

this may not be a difficultly organized task, however, because of its size a group
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project will require much more organization of the information to disseminate as
opposed to an individually worked on project.

The collaborative structure during dissemination deals mostly with the
interaction between the team leader and the group requesting the solution to the
original problem such as communication, conflict, externality, and decision-making.

The collaborative modality of the dissemination phase is more feasible and
more important, by the availability of Internet technology. The project and the files
can either be uploaded to an Internet site for easy downloading or depending on the
size of the files can be compressed and e-mailed to the interested parties.

Collaborative processes of dissemination are at this point between the team
leader and the group or company who initiated the problem that was solved. The
collaboration focuses on the communication of the dissemination process. Where the
process is concerned with the method in which the project will be disseminated.
Communication is not an easy process because of cognitive multi-threading
(Whitworth et. al., 2000). This refers to the notion that a single act of
communication, ranging from the literal content of the message, sender context
information such as about the state of mind of the communicator, and sender position
such as an associated intended action. The Dissemination will be a mass publication
where identical information is dispersed to a group of users. This could occur via
FTP, e-mail, or regular mail.

The only Collaborative side-effect might be any conflict that may occur while
deciding on a dissemination process. When the solution is actually used there may be

either positive or negative externality depending on the how many people accept or
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use the product. When distributing the solution, representativeness bias needs to be
considered. This is the cognitive tendency to expect the local characteristics of what
seems o be a typical sample are general or global characteristics (Stacy &
Macmillian, 1995). Therefore, the dissemination process needs to be approved by the
receiver of the solution as well as the group working on the solution.

The team leader accomplishes collaborative administration that occurs in the
dissemination phase. The team leader will actually execute the dissemination process

agreed to by all interested parties.



CHAPTER 4
COLLABORATIVE PROBLEM SOLVING AND PROGRAM
DEVELOPMENT SYSTEM
A framework for an integrated environment to support a group in all problem solving
and program development stages including problem formulation, solution planning,
solution design, solution translation, solution testing and solution delivery is
proposed. This environment is based on the tools needed to support the Collaborative
Cognitive Model for Collaborative Problem Solving and Program Development
described in the previous chapter. The model takes into consideration the cognitive
skills, psychology, and sociology and tasks that must be addressed by a team during

collaborative problem solving and program development.

4.1 System Description

The complete collaborative problem solving and software development system is
made up of four commercial applications. The combinations of these four
applications, shown in table 4.1, supply all of the tools needed to satisty the
collaborative and cognitive activities during collaborative problem solving and
software development.

The first application is Groove. Groove provides numerous tools to assist in
collaboration. The Groove tools that will be utilized are as follows: a documentation
storage tool is available to keep track of group decisions and solution plans, a
member contact tool for easy access to team members, a fask [ist tool assists

organizing the individual and group tasks of the team, a scheduler tool to organizc
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meeting dates and details, a message board to facilitate asynchronous messaging, a
link tool to assist in group Internet searching, and finally a chat tool for spontaneous
communication.

CyberCollaboratory is primarily needed for its Group Decision Support
System (GDSS) tools: a brainstorming tool assists team members in generating ideas
for problem understanding and solution planning, an idea organizer tool, and a voting
tool to facilitate group decisions.

The last two systems Rational Requisite Pro, a requirement management
systems, and any Visual Source Safe, a source code management system, are essential
in the overall system, however not needed until stage 3 of the collaborative model.
Table 4.1 Complete Collaborative System

CyberCollaboratory Rational Visual

Requisite ~ Source
Pro Safe

Brainstorming Tool v
Voting Tool

<

Document Storage Tool

Idea Organizer Tool
Member Contact Tool

Task List Tool

Scheduler Tool (Calender)
Message Board /Discussion
Board Tool/ Asynchronous
Message Tool
Chat/Synchronous Message
Tool

Link Tool v

E-mail Tool
Project v
Management/Requirements
Management Tool

Code Database Tool v

ANANENAN

<
<
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In the following sections a description of how the tools presented above

integrate with the specific tasks of the collaborative model is presented.

4.1.1 Tools for Problem Formulation

Brainstorming occurs in a few of the beginning stages of this model. In this stage the
brainstorming tool will be used during the creation of the problem description and the
refinement of the problem description. Following brainstorming the idea organizer
tool is used to facilitate the use of the voting tool occurring next. This stage also
utilized the member contact tool to create a database of the individual team members
and their skills. The team will use the asynchronous messaging tool to keep track of
the extracted facts from the refined problem. One person from the team will have the
responsibility of documenting the resulting problem description and facts. This
information is stored in the document storage tool. This stage as well as the
following stages will all use the scheduler tool to schedule the occurrences of each of

the tasks in this stage.

4.1.2 Tools for Solution Planning

Brainstorming, idea organizing and voting are a large part of this stage just as in the
previous phase. Those tools are specifically needed for generating alternatives and
selecting a solution strategy, and for breaking down the problem solution into major
components. The major components need to be distributed to the team members.
This can be accomplished using a voting method or team member volunteering.

This distribution will be documented using the task list tool. Organizing the facts
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depicted from the last stage with the various problem components can be discussed
- using the message board and documented in the document storage tool. The

scheduler tool is used for setting various deadlines in this stage.

4.1.3 Tools for Solution Design

Now that the components are distributed among the team members, the solution
design is partially an individual task. The team will discuss the overall design but
individual team members need to determine the breakdown of their own component.
The collaborative tasks will use again, brainstorming, idea organizing, and voting.
During a solution design brainstorming session, questions may arise where the /ink
tool will come in handy. The team will be able to surf the Internet together. The
scheduler tool and the requirements management tool will be used to set deadlines for
the individual tasks of further component breakdown and algorithm logic
specifications.  Asynchronous messaging and chat are primarily utilized during the

individual tasks for team member assistance.

4.1.4 Tools for Solution Translation

During solution translation each individual is composing the code from the
algorithmic specifications from the last stage. If team member assistance is needed,
chat, e-mail, and asynchronous messaging tools are available. The code will be
stored in the code database tool for version control. The collaborative element of this
stage is code integration. Initially, the team members will be integrating their own

components and debugging. Then an integration and debugging schedule for ithc
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team components will bet determined. The code will be integrated from the code
database tool. During the integration, debugging various problems may arise. These
issues will be distributed among the team members using the task list tool. Problems

should be documented using the document storage tool.

4.1.5 Tools for Solution Testing

The team needs to develop test data to determine the correctness and completeness of
the solution. Individuals should determine test data for their own component but
every team member should test the entire solution for effectiveness and efficiency
problems.  Solution problems will result in debugging tasks that will be distributed
among the team members using the task list tool. Problems should be documented
using the document storage tool. Team discussions will arise during the testing
process possible to compare results. All of the communication tools, i.e. chat, e-mail,

messaging, may be utilized.

4.1.6 Tools for Solution Delivery
Delivery of the solution will be a result of a presentation of the documentation
collected during the problem solving and software development process and stored in

the documentation tool, as well as delivering the actual software to the end-user.



CHAPTER 5

EXPERIMENTAL DESIGN

The impetus behind the development of a collaborative problem solving and software
development model is improving the output and success of a group attempting to
solve a problem with software. Most groupware systems have focused on the
communication aspect of collaboration but not the coordination and cognitive issues
that need to be addressed during problem solving and software development.
Previous studies in this area have examined software requirement development with
use of different modes of collaboration (Ocker, Hiltz, Turoff, Fjermestad, 1995;
Ocker & Fjermestad 1998; Ocker et. al. 1998; Ocker, 2001) and use of a decision
making model with modes of collaboration (Ocker, Hiltz, Turoff, Fjermestad, 1995).
The decision making model is described as a structured approach with a sequence of
3 steps where the subjects were guided in generating alternatives alone then as a
group evaluate each alternative and finally a group consensus is reached. The modes
of collaboration are described as either computer conferencing alone, face-to-face or a
combination of both.

The work presented in this experiment, both in terms of theoretical model and
experimental design, considers a much larger aspect of the problem solving and
software development process. Specifically, the focus is on the first two stages of
problem solving and software development: Problem Formulation and Solution
Planning. This model takes into consideration the cognitive processes of groups

during these tasks. Ocker’s (1995) research stated that using a "problem solving
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approach did not significantly impact creativity or quality" of the software
requirements produced. It is this writer’s opinion that there was not a significant
impact because the structured method was not extensive enough to impact creativity
or quality. Group Cognition was not considered.

In the problem formulation stage of the proposed model, the subjects were
required to perform tasks that guide them through the phases of problem formulation:
developing a preliminary problem description, a preliminary mental model and the
development of a structured problem representation. During the solution planning
stage, the subjects were guided to discover a solution strategy, goal decomposition
and data modeling. Past research (Ocker, 1995) only covered 1 out of 6 phases that
will be tested in the proposed experiment.

The experiment also utilized a collaborative system that provides all of the
tools necessary to accomplish all of the tasks required to effectively and efficiently
solve a problem. Specifically, these tools provide brainstorming, documentation
storage, member contacts, task list, scheduler, message board, chat, synchronous
messaging and a link tool. Past research utilizes a computer conferencing system o
provide collaboration tools (Ocker, 2001). When Ocker (1995) tested the quality of
the solution produced by the group using computer conferencing the quality was
judged to be higher but not significantly so. This research hypothesized that by using
the appropriate tools for the specific tasks outlined in the proposed model a
significant difference will be apparent when judging quality. In this research, a plan
has been developed to evaluate two stages of the model presented in the previous

chapter using existing tools.
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This chapter describes the evaluation plan of the collaborative problem
solving and software development model and the effects of using it with specific
groupware tools. An experiment to test and investigate hypotheses was conducted
over two semesters. The hypotheses that were used in the evaluation, the subjects,

the design, instrumentation and data collection methods are all presented.

5.1 Introduction

The groupware system that was used in this experiment is Groove. This groupware
application provides the necessary tools that the subjects utilized to complete the
tasks as outlined in the problem formulation and solution planning stages of the
collaborative model.

This study is sought to verify the claims made regarding the collaborative
problem solving and software development model and to investigate the impact

resulting from using collaborative tools as a support structure for the model.

5.2 Task

The problem solving task for each group was to design a solution for a super market
simulation program. Neither implementation nor coding was required, only the
solution’s design. This task was similar to other collaborative projects commonly
assigned in graduate level object-oriented courses such as the course in which the
subjects are enrolled. The final design of the supermarket should have included the

different aspects of a supermarket designed using object-oriented concepts. The user
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of the simulation program should be able to input the customer frequency, the number
of stockers re-stocking the shelves, and the number of cashiers working, where
customer frequency is how often a customer will enter the store. The subjects were
also required to determine any additional objects needed to simulate a supermarket
and what functions all of the objects need to perform during simulation. The output
of the design will be any statistical information from the different objects in the
supermarket the subjects feel necessary.

The subjects had one week training. During that time, the subjects were
instructed to vote on a process facilitator and a content facilitator and be able to
familiarize themselves with the collaborative systems by working on a very simple
problem. The process facilitator was responsible for initiating any activities noted in
any day’s tasks. The content facilitator was responsible for updating daily the outpui
documents required for submission.

Following training, the subjects were given two weeks to complete the
experimental task. The entire experiment lasted 3 weeks. The subjects were given a
schedule to structure their time for the tasks and to allow time for documentatio.
The subjects were also given a post-task questionnaire that included questions used to
measure subjects' perceptions regarding the task. The subject task list for each
condition is located in Appendix C of this document. Documentation and the
questionnaire are discussed in section 5.3.2. The subjects were also asked to
participate in a debriefing session to discuss the task, the conditions, group member

interactions, any time issues, any modifications needed in the experiment, and firiaiiy
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what they learned in the experiment. This session was conducted as an asynchronous

messaging session in the subjects’ course Web board conference.

5.2.1 Subjects

The subjects consisted of Computer and Information Science graduate students at the
New Jersey Institute of Technology enrolled in Object Oriented Programming (CIS
601 & CIS 602). All students received course credit for their participation. Students
were given an alternative task if they choose not to participate in the experiment. The
alternative task was exactly the same task as given for the experiment. The
alternative task is included in Appendix C of this document. Groups of four were

randomly assembled for all groups whether experimental or alternative.

5.2.2 Independent variables
There were two independent variables: fools and model generating a 2X2 factorial
design. Therefore, there are four conditions in this study:

(1) Access to Groove AND access to the Model

(2) Access to Groove AND no Model access

(3) E-mail AND access to the Model

(4) E-mail AND no Model access

5.2.3 Dependent variables and Data Collection
The data was obtained from multiple sources including: (1) subjects’ post-icsi

questionnaire, (2) subject performance on the given problem to be solved, (3}
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subjects’ output documents on brainstorming sessions, alternative decisions, problem
understanding and solution plan, and (4) subjects’ e-mail communication. Table 5.1

outlines the dependent variables and their measurement details.

Table 5.1 Measurement Methods for Dependent Variables

Variable Measurement

Problem Understanding Output Document Analysis

Quality of Solution Planning Output Document Analysis
Number of Alternatives Output Document Analysis
Solution Creativity Experts Solution Analysis

Solution Satisfaction Ratings on Post-Task Questionnaire
Solution Quality Experts Solution Analysis

Process Satisfaction Ratings on Post-Task Questionnaire
Quality of E-mail Participation E-mail Content Analysis

E-mail Message Pattern E-mail Statistics

Process Conflict E-mail Content Analysis

The reports/documentation required from the subjects were as follows:

1. Problem Formulation Document - This document contained the following
information:
a. The problem description their own words
b. Any information known regarding the problem
2. Solution Plan Document - This document contained the following
information:
a. A strategy to accomplish a solution, i.e. any alternatives the teams
devised with and the final alternative chosen by the team.
b. An exact plan to accomplish the solution.
c. Any facts associated with the plan

The post-task questionnaire, located in Appendix B, measures solution and
process satisfaction as well as validating the experimental task. The questions were
based on a questionnaire, also located in Appendix B, from the literature that also
measured solution and process satisfaction (Ocker, Fjermestad, Hiltz, Turoif.

Johnson, 1998). Table 5.2 shows the questions asked to measure solution



