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ABSTRACT 

There has been increasing research interest in recent years in using the 

power of computers to support group work. There have been two main areas of 

research: experimental research into GDSS supported group work in laboratory 

settings, and research designed to develop GDSSs which are effective, efficient and 

acceptable to the users. However, there have been some contradictory findings 

from these two areas of research. The developmental effort has shown great 

promise in relatively controlled developmental settings. At the same time, 

experimental research has indicated that GDSSs may not provide the hoped for 

increases of effectiveness and efficiency whiJe being acceptable to their users. This 

study has attempted to clarify this situation by using a field study to assess the 

implementation of a GDSS in an operational environment. The setting for this 

study was a large engineering and manufacturing site of a large electronics company. 

A GDSS v:hich had been developed at the University of Arizona was installed at 

the host company's site, and it was assessed for the first nine months of its use. 

Results indicate that the system was perceived to be effective, efficient and 

acceptable for use by its intended users. 



CHAPTER 1 

1.0 INTRODUCTION 
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While computers are pervasive in today's organizational environments, most 

applications for them have been designed to support individual workers doing 

individual tasks [Stefik, et aI, 1987]. Yet, studies indicate that office workers spend 

from 30 to 70 percent of their time in meetings [Panko, 1964]. With this much of 

the office workers' time spent in collaborative work efforts, it would be valuable to 

be able to bring the power of computers to bear on the needs of the work group. 

The effort to meet this need has led to research in the area of Group Decision 

Support Systems (GDSS). A definition of GDSS which is used at the University 

of Arizona is a computer-based system, comprised of a facility, hardware, software, 

procedures and facilitation which is designed to support and augment the efforts 

of work groups to complete unstructured tasks. 

Group Decision Support Systems (GDSS) have received much attention in 

recent years, with many articles appearing in the literature. Programs of research 

have been undertaken at the University of Arizona [Applegate et aI, 1987, Dennis 

et aI, 1988; Jessup, 1987; Jessup et aI, 1988; Nunamaker et aI, 1987; Nunamaker 

et aI, 1988; Nunamaker et aI, 1989; Vogel et aI, 1987; Vogel, 1988; Vogel et aI, 

1988], the University of Minnesota [DeSanctis, 1988; DeSanctis and Dickson, 1987; 
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DeSanctis and Gallupe, 1985; DeSanctis and Gallupe, 1.987; Gallupe, 1985; Gallupe, 

1988; Gallupe et aI, 1987; Watson, 1987; Zigurs, 1987], and at other schools [Bui, 

1987; Bui et aI, 1987 ; Hiltz, 1986; Huber, 1981; Huber, 1984]. However, as noted 

by Kraemer and King [1988], the field is still not well developed. Most of the 

empirical reporting has focused on GDSS applied to small groups in either 

experimental or developmental laboratory conditions. Kraemer and King suggest 

that examination of implementations of group decision support systems in 

operational environments would provide valuable knowledge about lithe promises, 

problems, and chaIJenges involved in this technology". Thus, there is a need for 

studies that can shed light on the impact of GDSSs in field settings. It is the 

intention of this study to provide information which can further that goal. 

This study monitored the use of a GDSS installed in an industrial setting. 

The system was used by groups from multiple organizational levels within the 

organization to undertake various group-oriented tasks, such as planning, 

information sharing and problem solving. 

This research was conducted as a part of the process of GDSS development 

and assessment that has taken place at the Management Information Systems 

Department of the University of Arizona over the past several years [Applegate, 
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1986; Applegate et aI, 1987; Applegate et aI, 1986; Dennis, George, Nunamaker 

and Vogel, 1988; Dennis, Heminger, Nunamaker and Vogel, 1988; Jessup, 1987; 

Jessup et aI, 1988; Nunamaker, 1987; Nunamaker et aI, 1987; Vogel and 

Nunamaker, 1987; Vogel, 1988; Vogel, Nunamaker, Applegate and Konsynski, 1987; 

Vogel, Martz and Nunamaker, 1987; Vogel et aI, 1988]. During this time, an 

integrated system has been developed to facilitate col1aborative management work, 

and a large body of data has been gathered on its use in the laboratory setting. 

This research provides an opportunity to assess the use of the system in an 

operational setting. It also al10ws comparison of what was learned in the research 

Jab environment with the outcomes attained in an organizational setting. As a 

result of this, it is expected that it wil1 be possible to make better predictions about 

the impact of GDSS in organizational settings and to begin to identify the variables 

which play a significant role in the process. 

1.2 The Research Question 

Experience with the University of Arizona's GDSS in laboratory settings has 

previously shown that it can successfully support group work endeavors [Vogel, 

Nunamaker, Applegate and Konsynski, 1987]. However, this has not been 

demonstrated in an operational setting. Thus, this is an exploratory study of an 

applied nature, rather than a test of theoretical hypotheses. It is designed to 
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explore whether or not a GDSS system which has shown itself to be of value in 

laboratory and academic settings can be of value in an operational environment. 

The study addressed the fo))owing research question: 

How weB does an operational GDSS function in a real world, 
organizational setting? 

To answer this question, the research examined effectiveness, efficiency and 

user acceptance of the use of the GDSS system through a number of measures. 

DeSanctis and Ga))upe [1987] propose that effectiveness and efficiency be 

considered the long term objectives of GDSS with user satisfaction being a 

necessary though not sufficient condition. Vogel, Nunamaker, Applegate and 

Konsynski [1987] list effectiveness, efficiency and user satisfaction as goals of a 

GDSS. Huber [1984] also suggests effectiveness and efficiency as necessary for a 

successful GDSS, but adds a critical mass of users of the system. User acceptance 

was used for this study because it can include not only participant self reports of 

satisfaction, but also more objective measures of fu)) or continued use of the system. 

These three areas, effectiveness, efficiency and user acceptance, were used to assess 

the system implementation, to suggest areas for future research, and to discover 

areas that need further development. 
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1.3 Purpose and Scope of the Research 

The purpose of this research is to assess the implementation of a GDSS in 

an operational setting. It is intended that this wi11 provide useful information about 

not only the particular insta11ation, but also wi11 help to provide more general 

answers to the questions about the potential for such systems. It is intended that 

some of the results of this research wi]] identify areas for further research, suggest 

areas for future development of the system and identify areas where the technology 

is sufficient today for wider scale implementation. 

In addition to research findings, it is intended that as a result of this project, 

the company involved will have created and developed an ongoing capability for 

GDSS support for its workers. It is further intended that by the end of this project, 

the company wi11 have broadened its use of the GDSS and incorporated it into 

additional col1aborative work environments. 

The scope of the research is to monitor and assess the use of the University 

of Arizona's GDSS system at a large (5,000 employees) electronics manufacturing 

plant. The study covers the first nine months of use of the system by the 

employees of the company. Inasmuch as this is a very new area of inquiry, and 
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inasmuch as there is very little known about the operational implementation of 

such a system, this study is exploratory in nature. 

1.4 Importance of the Research Topic 

Groups and group efforts are integral parts of modern organizations [Panko, 

1964]. Forty-seven percent of top managers surveyed said that they are involved 

in more meetings than ever before, and the larger the company, the more meetings 

executives are involved in [Rice, 1973]. It is in meetings that many significant 

decisions are made [Karon, 1987]. Thus it is not surprising that the actions of 

groups can have significant consequences for such basic and pervasive areas of 

modern life as government and indus~ry [Guzzo, 1982]. At the same time, the 

proliferation of computers and computer networks suggests that computer mediated 

communication is likely to become the backbone of organizational communication 

[Siegel et aI, 1986]. Therefore, because much of the work of groups involves 

communication, we can expect that the use of computers is likely to have an 

increasingly direct impact on the work of groups. 

Yet, according to Kraemer and King [1988], little is known about the 

application of computer technology, such as GDSSs, in operational settings to 

improve group work. This being the case, it is important that studies be 
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undertaken to explore the use of GDSSs to support the work of groups In 

operational settings. This study is intended to further that goa] by investigating the 

use of a GDSS in an operational setting. 

1.5 Organization of the Dissertation 

The dissertation is divided into seven chapters. This section will present a 

quick overview of the chapters and their intended contribution to the dissertation. 

1.5.1 Introduction 

This chapter introduces the research area, proposes the research question 

and presents the purpose and scope of the study. It also serves to explain the 

organization of the study. 

1.5.2 Significant Prior Research 

Chapter 2, the review of significant prior research, focuses on five areas of 

the literature. First, it will look at studies undertaken with small groups to see 

what light they may shed on the development and assessment of a GDSS. Second, 

the chapter will consider the conceptual work which has been done to support t-he 

development of GDSS. The third area of consideration wiII be the early 

implementation of decision rooms. Fourth, this chapter will review literature 
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regarding the assessment of GDSSs in experimental and field settings. Fifth, the 

chapter will present a brief history of the development and assessment of the 

University of Arizona GnSS to date. 

1.5.3 GDSS Design 

Chapter 3 discusses the GDSS which was implemented for this study. 

Because there is much variety among GDSSs [Kraemer and King, 1986], it is 

important to describe clearly the GDSS that was us~d in this study. 

1.5.4 Conceptual Foundations 

Chapter 4 will present and discuss conceptual considerations that underlie 

our understanding of the operation of GDSSs. From this discussion, propositions 

will be developed which will guide the direction of the study. 

1.5.5 Research Methodology 

In chapter 5, the methodology that was used in the study will be presented 

and discussed. This will include the research setting, the research task, the 

procedures that were followed and the measures that were used. 
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1.5.6 Results 

Chapter 6 presents the results of the study. This includes both statistical 

and descriptive analysis of the data generated. The results will be organized under 

three main objectives of a GDSS: effectiveness, efficiency and user acceptance. 

1.5.7 Discussion of Results 

In Chapter 7, the results of the study are discussed and the author presents 

his interpretation of the research findings. Limitations of the study will be discussed 

and recommendations for future research will be made. 



CHAPTER 2 

2.0 SIGNIFICANT PRIOR RESEARCH 
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Research in the area of Group Decision Support Systems (GDSS) is of 

recent origin, with some of the earliest published papers dating from 1981 and 

1982 [Steeb and Johnston, 1981; Turoff and Hiltz, 1982; Kull, 1982]. As might be 

expected with such a short history of research, the field is not yet well developed. 

To find a richer heritage, one must look to other fields related to GDSS. The 

study of small groups [Hare, 1976; Roby, 1968; Shepherd, 1964; McGrath, 1966], 

has explored many areas of interest to GDSS research. Small group research is a 

more mature field than that of GDSS. Hare [1976] traces its history back to the 

late 1890s. Some of what has been learned in this field may help to organize and 

direct research into the development and use of GDSS. Therefore, this chapter will 

first examine studies from small group research, followed by research in the G DSS 

area itself. 

Within the field of GDSS, there are four areas of research that will be 

explored. First will be the conceptual papers which have provided much of the 

groundwork for developing and understanding GDSS. Second will be a look at the 

experience of an early attempt to develop an operational GDSS. This will have 
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value for what it shows about the need to consider more than just the technology 

of such a system. The third area to consider will be the experimental research 

which has been carried out in academic laboratories. This research has begun to 

delineate the significant factors which affect GDSS performance. Last, this chapter 

will present a brief history of GDSS research and development at the University 

of Arizona. Because GDSSs vary widely in their approach and execution, it will be 

important to understand the type of system which was implemented for this study. 

2.1 Small Group Studies 

The long history of small group studies has demonstrated the complex nature 

of such group interactions. Illustrative of the difficulties encountered in studying 

this field is the problem that has arisen simply in defining what is meant by a small 

group. 

2.1.1 What Is a Small Group? 

As a beginning point in the process of examining research on small groups, 

it may be instructive to consider what constitutes a group. That turns out not to 

be an easy thing to do. Small groups are considered to be those groups which are 

small enough that each member of the group receives some impression of every 

other member, even if only to know that the other member was present [Hare, 
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1976]. Generally, the size of groups studied in small group research has varied 

from 2 to about 20 [Hare 1976]. This definition of size, while admittedly not exact, 

encompasses roughly the size of groups for which GDSSs have been designed and 

studied [Applegate, 1986; DeSanctis, 1988; Vogel, Nunamaker, Applegate and 

Konsynski, 1987]. The largest group studied in a GDSS environment and reported 

has included 31 participants [Dennis, Heminger, Nunamaker and Vogel, 1988]. 

Within the definition of a small group being small enough so that each member of 

the group receives some impression of every other member, 31 still appears to 

qualify as a small group. 

Hare [1976] suggests a number of common characteristics of all groups which 

distinguish them from a collection of people who simply happen to be in proximity 

to each other, such as a group waiting for a bus. First, group members are in 

interaction with each other. Second, the group members share common goals and 

norms of behavior which both direct and limit activity. Third, groups develop a set 

of roles and a network of interpersonal relationships based on the sum of the 

individual feelings which are unique to that group. The first two of these 

characteristics can be relatively easily mapped to GDSS groups. The third 

characteristic, having to do with a developed set of roles and interpersonal 

relationships, is likely to be somewhat modified in a GDSS environment. In fact, 
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the concept of anonymous input of ideas, which is central to several phases of the 

GnSS which was used in this study, is likely to cause changes in the developed set 

of roles and relationships. 

Shepherd [1964], while admitting that it is very difficult to define just what 

constitutes a small group, begins with the statement that it is two or more people 

interacting. He qualifies this by saying that a small group is more organized than 

a social relation but less so than a formal organization. He then adds that small 

groups of two or three persons have unique characteristics because of their size, 

which they do not share with larger groups; feelings tend to be expressed more 

openly in two person groups, and groups of three tend to develop coalitions of two 

against one. Therefore, he limits small groups to a minimum size of four. As size 

grows, groups tend to change in character as the communication becomes more 

diffuse. So, Shepherd limits the size to about 20 or less. This, he admits, is a very 

difficult line to draw with any certainty. Shepherd's fourth qualification is that 

groups have some general characteristics toward which attention is focused. Just 

what those characteristics are will vary from group to group. They may include 

such characteristics as common goals, shared values, role differentiation, criteria for 

membership, and patterns of behavior. 
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Roby [1968], while he does not define what he means by a small group, 

recognizes that the complexity of possibilities fl)r group interactions is vast. So, he 

restricts his attention to groups which meet the following three conditions. First, 

the group must have a clearly defined task with specific objectives and a limited 

time frame. Second, the task objectives must be understood and agreed to among 

the group members, with no conflict among individual interests. Third, the group 

must have been together long enough that roles and procedures have become 

established and accepted. These limitations limit the ability to generalize from his 

results. He acknowledges this, but asserts that the complexity of groups requires 

this kind of limitation for meaningful study. From the foregoing, it can be seen 

that the study of groups is complex, since even the definition of what constitutes 

a group is not a simple matter. 

2.1.2 Effects of Group Atmosphere 

This study will take Roby's lead and will not press further for a definition 

of what constitutes a small group. Instead, it will ask what is known about them 

that may be relevant to the present study. Lewin, et al [1939], examined three 

types of groups; autocratic, democratic and laissez-faire. They found that groups 

which were democratic were more original in their work than groups which were 

autocratic or laissez-faire. Groups which were autocratic showed more dependence 



26 

and less individuality, and under autocratic leaders, groups exhibited more overt and 

covert hostility and aggression. This could suggest that design characteristics for 

GnSSs should consider the atmosphere that will be promoted by the use of the 

system. The above effects may be modified by the makeup of the group members. 

Another study [Tanenbaum and Schmidt, 1958] found that more authoritarian group 

members may demand a strong leader, while more democratically inclined members 

may prefer a leader who attends more to individual and group needs. 

2.1.3 Effects of Group Size 

Slater [1958] attempted to answer the question of when participants feel a 

group is too large or too small to accomplish its task and what makes a group too 

large or too small. His experimental groups ranged in size from size 2 to 8. Each 

was given an intellective task to do. Afterwards, members answered some questions 

about their groups. Based on their responses, size five was found to be the most 

favored group size. Members of groups smaller than five seemed to feel that their 

group was so small that they felt inhibited from saying negative things to each 

other, while members of larger groups found it hard to be heard. Slater concludes 

that the optimal size to achieve group satisfaction is likely to be one that is large 

enough for the participants to feel free to express both positive and negative 

feelings and to do the job set out for them, yet small enough that they can interact 
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and that their comments will matter. Since GDSSs strive to provide more 

productive channels of communication, it can be expected that GDSSs may allow 

that balancing point to be moved toward larger groups. Yet, the same member 

requirements of being large enough to express a range of opinions yet small enough 

to feel heard are still likely to be important in the development of GDSS. 

While the range of group size from 2 to 6 does not extend the upper limit 

very far in terms of what GDSS has been able to support, other research on group 

behavior tended to focus on groups even smaller than this. Mills [1953] found that 

there appear to be significant qualities of three person groups. He reports that 

they tend to polarize into a twosome and the other person. The odd person out 

is then both a threat to the twosome and a force that serves as a common enemy 

to keep them together. This result may have implications, not only on a lower size 

limit for effective group size, research on groups of this size may find limited 

generalizability to groups of larger size. Yet, much research on group behavior has 

been carried out on groups of this size [Dickson et aI, 1988; Hackman and Vidmar, 

1970; Katzell et aI, 1970; Mills, 1953; Thomas, 1963]. 

McGrath and Altman [1966] reported on 250 small group studies in the 

process of their effort to create a synthesis and critique of the field. While they 
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found that there had been little systematic work to explore the effects of group 

size, stilJ, a number of relationships had emerged. They found that relatively small 

group size relates positively to the group's perception of success. Other things 

being equal, smaller groups tended to rate themselves as more successful than did 

larger groups. This could suggest that when assessing the effectiveness of groups, 

it may be important to do more than ask the participants at the conclusion of the 

group to assess their success. McGrath and Altman also found that smaller groups 

tended to express fewer ideas and changed attitudes less often. Since both of these 

variables have relevance for GDSS, and since these findings run counter to the 

small group self-assessment of success, it may be valuable to explore this process 

in GDSS situations. 

Hackman and Vidmar [1970] looked at the effects of group size (from 2 to 

7) and task type (production, discussion or problem solving) in terms of their effects 

on performance and member reaction. Subjects (male, undergraduate, university 

students) were asked to perform three 15 minute tasks. Performance was not 

found to be significantly related to group size. However, the larger the group, the 

more dissatisfaction was expressed about the group being too large for effective 

performance. In larger groups, members were more likely to complain that others 
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talked too much, that they themselves felt inhibited in expressing their feelings, that 

the group was too competitive and that there was too much disagreement. 

Based on the participant reports of the groups being too big or too small, 

the optimal size of group for these three tasks was determined to be between four 

and five members. However, based on reports of satisfaction with the group, 

members were most satisfied with the smallest groups (size 2) and dissatisfaction 

grew steadily as the groups became larger. Members on the larger groups cited 

problems with coordination as being the reason for the dissatisfaction. They tended 

to deal with these problems by subdividing the group into smaller units. Thus, a 

system, such as GDSS, which can provide better coordination for larger groups, 

may be able to mitigate this concern and raise the level of satisfaction with larger 

groups. 

Most organizations today use meetings as a standard management tool, with 

many managers spending from 30 to 70 percent of their time in meetings. Yet, in 

a survey of 600 top executives in the Chicago area, 65.9% of those surveyed said 

that they believed that meetings involving more than six people are usually worthless 

[Rice, 1973]. Often, however, it is either necessary or advisable to include more 

than 6 people in a meeting to be able to include aU who should take part in the 
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deliberations and decisions. To the extent that GOSSs can effectively support 

meetings with more than 6 participants, it will be able to contribute to more 

productive organizational process. 

2.1.4 Effects of Self·Esteem 

When a group member's self esteem is low there is a tendency to assess 

others according to negative stereotypes, whereas when self esteem is high the 

tendency is to see others more as individuals [Shepherd, 1964]. Further, when 

people like each other, they are more likely to try to interact. A ramification of 

this for GDSS is that a system which enhances or encourages self-esteem may be 

more likely to encourage interaction. 

2.1.5 Effects of Group Experience 

McGrath and Altman [1966] report in their review of small group studies 

that while group abilities do not correlate highly with group success, group 

experience does. Group abilities may provide an upper limit to group success, but 

it appears that the experience that the group gets while working together is what 

brings out the group's abilities. This seems to indicate that it will be particularly 

valuable to be able to follow the efforts of one or more groups as they gain 

experience in working together in a GOSS moderated environment. 
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2.1.6 Task Performance 

McGrath and Altman [1966] found that, somewhat surprisingly, individual 

group member abilities, both intellectual and task-related, are not good predictors 

of group performance, though individual group member's job experience is. They 

conclude from this that highly skilled individuals do not necessarily make an 

effective team. It may be that the ability to work well in a team is more valuable 

for an organization than individual competence for many areas of organizational 

life. 

McGrath and Altman also found that the absence of extreme personalities 

relates positively to effective groups. This makes sense when one considers that an 

extreme personality can have quite a disruptive effect on a group's performance. 

This suggests that GDSSs may be especially productive in supporting group 

effectiveness with groups which include extreme personality types, since they are 

designed to reduce the domination of the group by one or a few people [Vogel, 

Nunamaker, Applegate and Konsynski, 1987]. 
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2.2 Conceptual development of GDSS 

A number of articles in the early 1980s helped to layout the ground work 

for the development of GDSS. This section will examine some of the significant 

articles that have helped to shape thinking about GDSS. 

2.2.1 Organizational Decision-making Environments 

Ackoff [1981] considers the future of corporations and decides that there are 

a number of things that should change in the way that organizations go about 

planning. Rather than seeing a plan as the only product, or even the main product, 

of planning, Ackoff considers pianning to be an activity in which the process itself 

is the significant product, not the plan which is generated. In his view, development 

takes place within the process and this development is the key outcome. This fits 

with findings from a study of a corporation which used the University of Arizona 

GDSS for its strategic planning process [Dennis, Heminger, Nunamaker and Vogel, 

1988]. The ability to bring so many people into an appreciation of the CEO's point 

of view was selected as being a major advantage c f the system. 

Ackoff also recommends that as many of the stakeholders as possible for a 

given planning situation should be brought into the planning process. He defines 

stakeholders as "all those inside or outside an organization who are directly affected 
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by what it does". The ability to bring more stakeholders into the process depends 

directly on the ability of the process to effectively include a larger number of 

participants than are usually included in manual meetings in organizations [Rice, 

1973]. Thus, GDSS may be a necessary requirement to provide the type of 

planning processes envisioned by Ackoff. 

Huber [1981] addressed the design and use of decision support systems, 

(DSS), in light of four models of organizational decision making environments. 

These four models are: 1) the rational model, 2) the political/competitive model, 

3) the garbage can model, and 4) the program model. These models are not 

considered to be pure, so for any given situation, elements of each of these models 

can usually be identified. 

The rational model assumes that organizational units make decisions in a 

purposely rational manner. This model is usually the stated goal of organizations 

and their members. Huber suggests that decision support for this model should 

focus on rational questions such as identifying alternatives, establishing criteria, 

assessing the future and estimating payoffs from different alternatives. He considers 

mathematical models and simulations to be likely aids for this model. 
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In the political/competitive model decisions are seen to be the result of the 

strategies and tactics that organizational units employ to affect decision-making 

processes in directions favorable to themselves. Decision support for this model 

would provide answers to questions such as, who are the involved parties, what is 

their influence, how can we influence each of these parties, etc. In essence it would 

focus on the stakeholders of the decision to be made. 

The garbage can model [Cohen et aI, 1972] sees organizational decisions as 

being the result of the intersection of problems, solutions, and opportunities for 

making the decisions. This model sees all of these parts of the decision-making 

process as being somewhat randomly mixed through an organization. As they come 

together, decisions result. Thus, timing and chance are seen as having important 

roles in organizational decision making. Decision support for the garbage can 

model would help to identify problems and solutions that are available within the 

organization and what opportunities are available for making decisions. 

Brainstorming and other idea generation techniques might me useful for this 

process. 

Underlying the program model of decision making is the idea that cognitive 

limitations of the decision maker significantly affect organizational decisions in 
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negative ways [Simon, 1960]. There is simply too much that needs to be known 

and too little that is or can be known for most organizational decisions. Thus, the 

program model recognizes two general factors which appear to underlie most of 

these decisions. The first of these can be put under the general category of 

standard operating procedures or programs. This includes such routinizing forces 

as company policies, group norms and budgeting guidelines. The second factor 

affecting decisions is the history of what was done in similar situations last time. 

These factors work to create a conservative decision making atmosphere, in which 

most decision are made according to written or unwritten rules and where the 

decisions made today will closely parallel the decisions made yesterday. While 

deci~ion support designed for this model must be careful not to blindly support 

routinized process, it can capitalize on the predictability of information sources and 

information reliability which becomes known over time. 

According to Huber, each of these processes occurs in all organizations to 

some degree at all times. Therefore, a GDSS which is designed to meet the 

decision-making needs of an organization ought to be able to respond to each of 

these processes. The rational model, of course, lends itself easily to support by a 

GDSS. Tools can be developed and implemented for a rational process which 

seeks to identify the problems, clarify the issues, develop alternatives, assess the 
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alternatives and then choose the best option. Most GDSSs have provided tools for 

this type of support [DeSanctis and Dickson, 1987; Vogel, Nunamaker, Applegate 

and Konsynski, 1987]. The political-competitive model can be supported by a 

system which considers the political nature the task, using tools which are designed 

to identify stakeholders and their assumptions, and which provide a way to balance 

the competing needs during the decision making process. Such a process was 

described in detail by Mason and Mitroff [1981], and a version of it was 

implemented in the GDSS created at the University of Arizona. The garbage can 

model would benefit from support for idea generation techniques that assist 

participants to pull together the various pieces of the decision-making puzzle. 

Processes such as brainstorming, nominal group technique and others could be 

employed for this, as has been done with the University of Arizona GDSS. Finally, 

the program model would benefit from decision support that challenged some of 

the programed assumptions, while taking advantage of known and tested sources 

of information. 

2.2.2 GDSS Design Considerations 

Huber [1984] contemplated some of the needs of GDSS systems with the 

goal of identifying some of the features that will be important to the success of 

such a system. He begins with the observation that the environmentally imposed 
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demand for more information sharing and the increasing complexity of modern 

organizations coupled with the resistance of managers to spend a larger percentage 

of their time in meetings will make computer-aided support for group work 

increasingly important. However, for group decision support systems (GDSS) to 

achieve long term success in a given organization, they must provide appropriate 

functionality. 

Huber identifies effectiveness and efficiency of the system as important 

criteria for long term success. In addition, however, he also suggested that it is 

important to develop a critical mass of user acceptance. He views the limited focus 

of task driven systems, which are designed to handle very narrow task domains, as 

lacking sufficient general effectiveness to provide the needed critical mass of user 

acceptance. Narrowly focused systems would also not be cost effective, because of 

their applicability to only some of the group tasks. 

Huber envisions three potential provision methods for GDSS capability. 

These are: organization-owned, on-site installations; vendor-supplied, portable 

systems which can be brought on site as needed; and off site installations in which 

the participants go to the system to use it. Of the three, on-site installations are 

seen as the most difficult to provide on a long term basis, because of the expense 
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of such an installation. Further, he maintains that vendor-supplied systems, whether 

on-site or off, would benefit from having staff with the expertise to run the system. 

He argues that GDSS which are too narrowly focused on the supported task 

domain are doomed to long term failure, because they will not be applicable to a 

wide enough domain of group work and so they will fail to achieve a critical mass 

of users. Yet, the number of potential tasks for groups to work on is beyond 

counting. Therefore, the GDSS should be designed to provide support for specific 

group activities, rather than specific tasks. Regardless of the task, groups still must 

carry out specific interactive activities. He identifies information generation and 

retrieval, information sharing, and information use as the basic building blocks 

around which to design a GDSS. In addition, he states that the information 

management should be done in such a way that the members feel that they have 

control over their process, rather than having the process control them. 

In the same article, Huber discusses the role of running the system from two 

different points of view. While he writes of facilitation of the system by a 

facilitator, he more often mentions this role as a chauffeur's role of providing 

requested services to the group when asked. However, it seems that these are two 

quite different roles to be played, which speak to philosophically different views of 



39 

the GDSS process. In a system with a chauffeur, the members of the group would 

be responsible for not only the content of the meeting, but for the process to be 

undertaken as well. The chauffeur would play only a support role of providing and 

manipulating data as requested. However, in a system with a facilitator, the group 

members are responsible for the content, while the facilitator, in conjunction with 

the group initiator, would be responsible for the process. The domains and levels 

of knowledge required of group members and facilitators or chauffeurs would be 

quite different in the two systems. 

DeSanctis and Gallupe [1985] write about GDSS as a new frontier for 

research. They define a GDSS as "an interactive computer-based system which 

facilitates solutions of unstructured problems by a set of decision makers working 

together as a group." Components of a GDSS included hardware, software, people 

and procedures. 

While they include the role of a facilitator to direct the group in the use of 

the system, they did not develop the role to the extent that it has been developed 

in the University of Arizona system. For eA:ample, they suggest that the role of the 

facilitator may be mainly to introduce the group to the system and that after the 

group has become familiar with it, the facilitator may either be available 
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electronical1y or not at al1. In the University of Arizona model, the facilitator 

actively works with all groups from the pre-planning session held with the group 

initiator, through the actual GDSS process, to the conclusion and wrap up of the 

session. 

2.2.3 The Study of GDSS 

In a later article [1987], DeSanctis and Gallupe present their foundation for 

studying GDSS. They propose classifying GDSS on a three level system according 

to the approach taken to supporting the group. Level 1 GDSSs would be aimed 

at improving the group's communication, through such means as large front screen 

displays, anonymous input of comments, vote tabulation tools, and electronic 

communication channels among the participants. Level 2 GDSSs would be aimed 

at improving the group's decision making process by providing decision process 

models and techniques, thus reducing the "noise" in the group's decision making 

process. Level 3 GDSSs would use expert system techniques to monitor and direct 

the group's communication patterns. Specific communication patterns would be 

imposed on the group based on the system's assessment of what is needed to 

maximize the group's process. 
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They recommend a contingency approach to the study of GDSS, beginning 

with levelland level 2 systems, working up to level 3 systems as knowledge in the 

area is developed. However, while DeSanctis and GaJIupe leave the idea of 

controlling channels of communication to an expert system in what they see as an 

advanced GDSS, the University of Arizona model accomplishes that now through 

the use of the pre-session planning process, during which time tool selection, how 

the tools wilI be used, and the order of their use is determined based on what 

outcome is desired for the session and what needs to happen within the session 

process to achieve it. 

Also in this article, DeSanctis and Gallupe propose six areas of study for 

GDSS research. First, they recommend work on the design of GDSS hardware 

and software. As they see it, users can't teU developers what they want in the way 

of a GDSS until they have experience with various options. So, they suggest using 

an evolutionary approach to development. This is the course which has been 

foIl owed during development of the GDSS at the University of Arizona, although 

it is not universaIIy accepted as the best method of development [Bui, 1987]. 

Second, they propose studying patterns of' information exchange within a 

GDSS. Looking at such variables as the amount of task communication relative to 
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the amount of social communication may give researchers important clues to the 

significant aspects of GDSS influence on group work. While this has not yet been 

studied in depth at the University of Arizona, preliminary results in this area were 

reported in a case study of a use of GDSS by a company which used the room for 

its strat~gic planning [Dennis et aI, 1988]. 

Third, they recommend the study of the mediating effects of using a G DSS 

on member participation. It is not yet known what long term effects this may have 

on decision processes or quality. While it seems logical that greater and more even 

distribution of comments would lead to better decisions, it is not known what effects 

there might be when natural patterns of communication are altered. 

Fourth, the authors are interested in the effects of the GDSS on perceived 

physical proximity, and its effect on interpersonal attraction and group cohesion. 

Citing research which has shown that perceived physical distance has important 

effects on interpersonal attractiveness and liking for one another, they suggest that 

this may have an impact on the development of group norms. If so, this could 

have significant impact on the process of ongoing groups. 
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Fifth, DeSanctis and Gallupe suggest exploration of the impact of GDSSs 

on power and influence within the organization. Since GDSSs are designed to 

more evenly distribute participation and to reduce the effects of group dominance 

by one or a few individuals, it would seem likely that it would have a democratizing 

influence on organizations. However, it is not clear how GDSS users will respond 

to lack of power and influence cues within the session. High-power organization 

members may subvert the GDSS process, or lack of high level cues may cripple 

group decision making. 

Recommendations three through five will require longitudinal case studies 

in operational environments to be able to gather data which will help to answer the 

questions raised. Studies which are in their beginning stages at the University of 

Arizona may be able to shed light on these areas. 

Fina]]y, in this article, DeSanctis and Gallupe recommend that effectiveness 

and efficiency be accepted as long term GDSS goals. They also assert that user 

satisfaction with the process is a necessary but not sufficient condition for GDSS 

success. If users are not satisfied with using a GDSS, they will resist using it. 

Therefore, to be successful, a GDSS must provide user satisfaction. Thus, they 
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suggest that research must consider performance and satisfaction variables as crucial 

to GDSS success, where performance is composed of effectiveness and efficiency. 

However, DeSanctis and Gallupe also suggest research into the possihility 

that there is a performance/satisfaction tradeoff. They suggest that high decision 

quality and high user satisfaction may be conflicting goals. If this is the case, it 

raises questions about the possibility of finding a balancing point between the two 

competing needs. If,.as they say, satisfaction is a necessary requirement for a 

successful GDSS, and if sufficient satisfaction cannot be provided within the 

conditions required to attain a high performance level from the system, this could 

have serious consequences for the successful implementation of GDSS in 

operational environments. 

Nunamaker, et al [1988] present a different paradigm for the study of GDSS. 

Rather than base the research approach on the level of GDSS, they suggest a 

multi-methodological approach to all group support systems. They assert that the 

complex interplay of groups, tasks and technologies which come together in a group 

support system is such that no single approach can adequately provide the necessary 

insight to guide the development of more effective systems. They identify five major 

perspectives of group support systems: systems-based, organizational, human 
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communication, decision making, and management science. They suggest that each 

of these provides valuable insights into the development, assessment and operation 

of such systems. 

The systems-based perspective provides a basis.for describing the components 

of the group support system in terms of an interactive, open system. This approach 

emphasizes the cyclical nature of group and organizational interactions, where 

feedback is an important input into the ongoing process. It also highlights the 

"open system" nature of such processes. There are many outside environmental 

factors which can and do impact on all facets of organizations, groups and group 

support systems. This approach emphasizes the limitations of viewing such 

processes in a linear cause and effect mode. 

Organizational research has provided a framework for viewing the value of 

group efforts in an organizational context. Research in this area has demonstrated 

the benefits of group efforts being brought to bear on many organizational issues 

and problems. WhHe this work has, for the most part, looked at group work from 

the manual support mode, it remains to be seen what the impact will be on 

organizational processes as computer-aided support for groups is brought to 

maturity. 
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The human communications perspective seeks to explore the types of 

communications processes which groups employ and to assess the impact of using 

different technologies to support these processes. Thus, rather than a direct 

concern for models of decision making, the approach considers the interaction 

patterns which group members use as they employ various models. The group 

dynamics which underlie all group processes become the focus of study. 

A decision making approach provides a method for assessing the models of 

decision making that individuals and groups employ in all types of group 

environments. Research in this area has already documented systematic errors that 

frequently enter into decision making processes. A significant example of this is the 

"hindsight bias" error which affects decision makers' perceptions of the likelihood 

of events, based on beliefs about what has actually happened [Fischhoff, 1975, 1976, 

1977]. The research into hindsight bias has not only documented its existence, it 

has learned some techniques which may ameliorate its effects, such as focusing 

techniques [Fischhoff and Bar-Hillel, 1984], and considering the opposite [Lord et 

aI, 1984]. 
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Further research is needed to better understand decision making processes 

such as hindsight bias and how best to design group work systems which can 

effectively modify their negative effects. The decision making paradigm offers Cl 

way to do this. 

A branch of the field of management science has explored areas of group 

work which involve assignment of quantitative values to variables of models which 

are designed to determine group solutions. Multi-criteria decision making [Bui, 

1987], multi-attribute value analysis [Atrium and Lax, 1987] and calculation of group 

preferences [Shakum, 1987] are among the issues that management science has 

explored which have direct implications for automated group work support. 

2.2.4 GDSS effects on Organizations 

Huber [1988] surveyed the field of new technologies being brought to bear 

on organizational decision making and communications and suggested some changes 

that he expects will result from these new technologies. Within the realm of these 

technologies, he includes decision support systems, expert systems, electronic mail 

systems, electronic bulletin boards, and teleconferencing and videoconferencing 

systems. Thus, while the scope of this article is larger than just GDSS, GDSS CCln 

be considered to figure prominently in the effects that he predicts for the future. 
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Huber examines the impact of current computer-assisted decision and 

communication support technologies and considers their future impact as they 

develop into maturity. He presents 12 working hypotheses regarding the changes 

that computerized decision and communication support technologies are likely to 

bring about in organizational decision processes and organizational decision 

structures. Of these 12 hypotheses, 4 of them have relevance for the current study. 

These four are: 

H4. Use of computer-assisted decision and communication support 

technologies results in fewer decision-related meetings (p. 324). 

H5. Use of computer-assisted decision and communication support 

technologies results In more effective decision-related meetings 

(p. 324). 

H9. Use of computer-assisted decision and communication support 

technologies reduces the time required to authorize organizational 

actions (p. 327). 



49 

HI1. Use of computer-assisted decision and communication support 

technologies reduces the time required to make decisions (p. 328). 

While this investigation is not designed specifical1y to test Huber's hypotheses, 

these four alI relate to the issues of GnSS effectiveness and efficiency as they were 

explored here. Support, or lack of it, for these hypotheses will be reported in 

Chapter 7, in the secions on effectiveness and efficiency of the system. 

Huber adds two global research recommendations for researchers. First, he 

recommends that organizational researchers become more involved in exploring the 

impact of these new technologies on organizational structures. Second, he urges 

information system researchers to become more involved in working with 

administrators to better understand the implications of these new technologies for 

organizational goals. In essence this is a call for organizational researchers and 

information systems researchers to work together to better understand the 

implications of computer-assisted decision and communication support technologies 

for the organizations that they are developed to serve. This exploratory study is 

in keeping with the spirit of these recommendations. 
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2.3 Early GDSS Decision Rooms 

Early work in the area of GDSS involved the development and 

implementation of sev~ral systems which have features similar to the GDSS 

developed at the University of Arizona. Two major efforts involved the creation 

and use of decision rooms, with hardware and software designed to facilitate group 

decision making processes. One of these was developed in an operational 

environment and the other in an academic setting. These experiences are significant 

for the development of today's GDSS. 

2.3.1 The Execucom Decision Room 

During a three year period of time around the late 1970s and early 1980, 

Execucom developed, implemented and used a GDSS in a specially prepared room 

which they called the Planning Lab [Gibson and Ludl, 1988]. 

This system incorporated a table with 8 participant terminals, a lab 

moderator terminal and a large front screen all connected to a Prime 400 computer. 

The software for the system, called Mindsight, was designed to facilitate 

communication, elicit ideas, share information, analyze data quantitatively and 

measure the amount of consensus within the group. 

accommodate both attributed and anonymous comments. 

The system could 
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Although the use of the system began with high hopes, its use declined over 

time. Finally, over a period of three years, it fell out of use altogether and the 

room and equipment were turned over to other uses. From the information that 

they gathered, the authors concluded that the main reason for the system's demise 

stemmed from user reluctance to use the room. A strong possibility for the reason 

for this had to do with the way the room was used by the managers. 

While the system could support anonymous input from the users, the head 

of Execucom, Dr. G. R. Wagner, did not agree with using this feature. He believed 

that the participants should be willing to publicly state and defend their opinions. 

In fact, Wagner admitted that, "I can't stand not to know the honest feelings and 

thoughts of other people" [Gibson and ludl, 1988]. But the participants reported 

that when they openly stated their opinions, and when those opinions differed from 

either the majority or from management opinions, they were then put on the spot 

to defend themselves. This they found to be quite uncomfortable. In essence, the 

organizational and system goal of openness and honesty were seen by the lower 

level employees to work against them. Thus, the system came to be seen by the 

participants as an unwelcome focus on those who disagreed with majority or 

management opinions. Even some of the managers who were responsible for 
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sessions held in the room began to believe that the requirement to be open and 

honest was not realistic. It appears that the system was modelled after what the 

leader wanted the organizational norms to be, not what they really were. 

Because of this reluctance of the employees to participate in a system that 

they found to work to their detriment, the system did not meet with lIser 

acceptance. Without user acceptance the system was not used and without lise, the 

system died. The authors concluded that organizational context is very important 

for the successful implementation of a GDSS. 

Wagner [1988] has observed that we have in the past brought computers to 

bear on problems using a brute force method. However, the brute force method 

of computerizing group work is not enough. He maintains that we need qualitative 

rather than quantitative impact from the system. 

2.3.2 The SMU Decision Room 

Another early GDSS effort was the SMU Decision Room Project. Gray, in 

two articles [Gray et aI, 1981; Gray, 1983] described the research setting and 

reported on SMU's experience with this system. This project was undertaken to 

explore the potential for supporting high level executive managers in their decision-
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making tasks. The project recognized that although there had been major strides 

in communication and information technology, ]jttle of that had found its way into 

the board room. 

The project involved the creation of two decision rooms, connected 

electronically through audio and video channels. In addition, a minicomputer 

provided data links between terminals in the two rooms and with the school 

mainframe. Software for these trials included the Interactive Financial Planning 

System (IFPS), a relational Database management system (RIMS), and a long-range 

planning simulation system (INTERAX). Great flexibility was designed into seating 

arrangements, to allow experimentation in this area. Touch screens were utilized 

on the terminals to reduce presumed executive reluctance to use a keyboard. In 

addition, research observation of the rooms was possible, both electronically and 

through one-way mirrors. 

A number of hypothetical scenarios were developed to simulate executive 

issues needing resolution. These included personnel decisions, strategic planning 

and crisis management, capital and financial planning, product marketing decisions 

and operations evaluations. Depending on the scenario, different databases could 



54 

be made available to the participants. Groups of graduate students, simulating 

executives in decision making group meetings, were used to generate the data . 

. 
Gray reported his results as impressions, since the trials were not run with 

experimental precision. He reported the following five impressions: 1) the ability 

to use an on-line system to try different alternatives tended to broaden viewpoints 

of the participants; 2) the groups were able to work and develop alternatives 

without intervention from the staff; 3) working in small groups seemed more 

productive than having participants work individually; 4) using the audio, video and 

data communication features allowed the groups to work cooperatively while 

separated physically, with no loss of understanding or communication; 5) detailed 

preplanning and a professional environment seemed to be important to a successful 

outcome. 

2.4 Experimental GDSS Research 

There has been relatively little experimental research involving GOSS until 

quite recently. Of the experimental research which has been done, much of it has 

been with laboratory level GDSSs, using small groups of three or four. Empirical 

evidence has shown that GDSSs begin to show their contribution to effectiveness 

and efficiency with groups of 8 and above [Vogel, Nunamaker, Konsynski and 
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Applegate, 1987]. Since the system and facility assessed in this investigation was 

designed to support groups up to size 10, it may be valuable for future experimental 

research to work with larger size groups. 

The interest for this study is in the effectiveness, efficiency and user 

acceptance of GDSSs. While most of the experimental studies addressed the issues 

of effectiveness and efficiency in some manner, user acceptance was not tested 

directly. In experimental settings, user acceptance is not a likely variable to 

measure. However, use satisfaction, which was measured in many of the studies, 

can be used to give an indication of likely user acceptance in a real setting. 

2.4.1 Effectiveness 

Ten studies supported the proposition that a GDSS supported process is 

more effective than a manual one. Of those studies, seven found the decision 

quality to be better [Steeb and Johnston, 1981; Bui et aI, 1987; Zigurs et aI, 1987; 

GaIJupe et aI, 1988; Jarvenpaa et aI, 1988; Easton, 1988; Dickson, 1988], and five 

found the participation to be more equal [Siegel et aI, 1986; Nunamaker et aI, 

1987; Zigurs et aI, 1987; George et aI, 1988, Easton et aI, 1988]. 
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Two studi~s found GDSS to be less effective, because the groups using the 

system would be less likely to reach consensu~ [Turoff and Hiltz, 1982; George et 

aI, 1988]. Two studies [Beauclair, 1987 and Watson, 1987] found no effect. 

2.4.2 Efficiency 

In experimental settings, none of the studies found GDSSs to be more 

efficient, in terms of time to solution. Seven of the studies found the G DSS 

supported groups to be less efficient because of longer time necessary to reach a 

decision [Steeb and Johnston, 1981; Siegel et aI, 1986; Bui et aI, 1987; Watson, 

1987; Gallupe et aI, 1988; George et aI, 1988, Easton et aI, 1988]. One study found 

no difference in efficiency between GDSS and manual support [Beauclair, 1987]. 

These results would seem to indicate that GDSS is not likely to be efficient 

in an operational setting. However, the difference in group size of 3 or 4 in the 

experimental settings versus 6 to 10 in the operational setting is likely to make an 

important difference in the relative efficiency of the GDSS. In a small group of 

size 3 or 4 it may be easier to simply solve the group task manually than to bother 

with using a GDSS. In addition, many of the experiments used intellective tasks, 

which are tasks which have a right answer. In operational settings, this is less likely 

to be the case. The problems that organizational groups tackle usually do not have 
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a right answer. Given these differences, the efficiency of a GDSS in an operational 

setting might be different than would be seen in the experimental environment. 

2.4.3 User Satisfaction 

Measures of user satisfaction with the GDSS were more mixed. Steeb and 

Johnston [1981] and Nunamaker et al [1987] found increased satisfaction with both 

the process and the outcome. Easton et al [1988] found increased satisfaction with 

the process but no difference with the outcome and Dickson et al [1988] found 

increased satisfaction with the process but decreased satisfaction with the outcome. 

Watson [1987] found decreased satisfaction with the process but no difference with 

the outcome satisfaction and Gallupe et al [1988] found decreased satisfaction with 

for both the GDSS process and its outcome. 

Thus, overall, three studies found increased satisfaction, two studies found 

decreased satisfaction, one study found increased process satisfaction but decreased 

outcome satisfaction and three studies found no differences. 
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2.5 GDSS at the University of Arizona 

Research at the University of Arizona has been ongoing since 1984. Its first 

GnSS facility opened in the spring of 1985. The results of the research that has 

taken place there wi)) be discussed in the fo))owing paragraphs. 

Early discussion of the principles which led to the development of the 

University of Arizona GDSS are to be found in articles from 1984 [Konsynski, 

1984-85; Konsynski et aI, 1984-85; Konsynski, 1984]. These articles discuss elements 

of a GDSS as a part of a larger integrated automated software engineering system. 

The GDSS tools were described for use in the first phase of the integrated system. 

The first phase was designed to provide help in problem structuring and planning. 

It was designed to capture and organize existing knowledge, aid strategic 

organizational planning, aid in group decision making and to provide a 

comprehensive organizational plan for systems development. Included in the tools 

to do this was a structured brainstorming tool, which developed into the Electronic 

Brainstorming (EBS) tool of the University of Arizona GDSS. From this work, the 

basis was laid for the creation of the first GDSS facility at the University of 

Arizona. 
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Applegate and others [Applegate, 1986; Applegate et aI, 1987] discussed 

the requirements for knowledge management in organizational planning. While the 

emphasis on this research was on the exploration of ways to structure knowledge 

in a group-work environment, it is relevant to the present discussion because the 

sessions made use of the University of Arizona five part model for GDSS. At the 

time of this early research, the model had not been c1early delineated, but the 

research did in fact make use of all five parts of the model: facility, hardware, 

software, procedures and facilitation. The artic1e reported on the use of the UA 

GDSS system for strategic planners by nine groups varying in size from 6 to 16 with 

a mean number of 12.6 participants. The groups made use of the Electronil: 

Brainstorming (EBS) tools, plus other knowledge management tools. This research 

took place in the University of Arizona's first generation facility. This facility was 

configured with 16 MS-DOS based workstations connected to each other and to a 

facilitator's workstation by a local area network (LAN) around a U-shaped table 

with a large front screen projector. Erasable white boards were mounted on each 

side of the front projection screen and lighting was designed to emphasize the 

presentation modality currently in use. An equipment room and 3 breakout rooms 

were located around the perimeter of the main room. The equipment room housed 

the fiJe server, overhead projector hardware and other support gear. The three 
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breakout rooms were used for small group work in conjunction with use of the large 

room by the planning groups. 

Work continued on development and use of the GDSS at the University of 

Arizona, which led to its use in strategic planning by operational working groups. 

Reports of the early use of the room for strategic planning by operational groups 

[Nunamaker et aI, 1987] indicated that three tools were used during these sessions: 

Electronic Brainstorming (EBS), Issue Analysis (lA), and callable Voting (VOTE). 

They reported on seven different groups' use of the system for operational high 

level planning sessions. Since these were actual planning sessions, experimental 

controls were not available. This was balanced by the fact that users could be 

observed using the system in an operational situation. 

Results of these studies suggested that the system does have significant 

impact on the groups' planning process and outcome. The structured process which 

more evenly elicits input from all participants, coupled with anonymity of comments, 

led to high satisfaction from the users. It was seen that this process both reduced 

fear of authority when making comments and prevented otherwise dominating 

members from taking over the process. The ability to capture all comments for 

later use was also seen as an advantage. 
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During these early sessions, potential drawbacks in the design of the GDSS 

were noted, such as possible problems with user satisfaction with the use of a 

keyboard as an input device. It was not clear from the data generated whether this 

would be a barrier to use of the system. The size of the computer screen was also 

raised as a limitation by some participants. Finally, the length of time that it took 

to pass files over the system to get another file for processing was a detriment for 

some. The network in use at that time did not support the transfer speed available 

today. Delay times for participants averaged 49 seconds between files. This is a 

considerable delay compared to the 2 to 3 second delay time that is routine on the 

system today. 

Overall, the participants who responded to a post-session survey rated their 

satisfaction with the system to be very high. They rated the electronic brainstorming 

process to be "much better" than the manual one. On a ten point scale, where Cl 

1 indicated that the manual system was better and a 10 indicated that the 

automated system was better, they produced a mean rating of 9.38. The responses 

of the participants matched the observations of the facilitator that positive features 

of the automated system outweighed the negative features. Assessment of the user 
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comments revealed that they viewed the process structure provided by the 

automated system to be a valuable part of the success of the system. 

Nunamaker, et al [1987], concluded that the results obtained in this early use 

of the GDSS indicate that the system has demonstrated significant potential for 

positively influencing the idea generation process. 

The University of Arizona has done much work in the area of facility 

development. After successful operation of its original 16 workstation GDSS facility, 

a second, larger and more sophisticated, facility was created. This facility has 

seating for 60 participants, with 26 workstations, advanced audio-visual capabilities, 

and extensive environmental support. Both facilities are still in use, with an active 

research program continuing. The software developed for these facilities has been 

continually improved and added to, based on operation of the system and 

observation of group needs. In addition it is now installed at 5 additional university 

settings and two corporate locations. 

The University of Arizona has developed its research program on GDSS 

from a multi-methodological perspective. These methods include: mathematical 

simulation, software engineering, case, survey, field study, lab experiment and 
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conceptual, also called subjective/argumentative. Approaches to this research have 

proceeded from five different but complementary perspectives [Vogel and 

Nunamaker, 1987]: 1) papers describing the domain and applicability of GDSS, 2) 

facility development, 3) survey papers and research agendas, 4) GDSS evaluation 

and experimental results, and 5) operationalized use of GDSS. Each of these 

perspectives has added to the overall effort to explore the development and 

understanding of GDSS. 

Vogel and Nunamaker presented examples of each of the five research 

methodologies. Mathematical modelling and simulation was discussed in terms of 

the distribution of files in the Electronic Brainstorming tool, where n + 1 files are 

shifted among n participants. Software engineering has been a major effort, with 

an integrated system of sophisticated GDSS software being developed and 

implemented as a result. Work is continuing in this area to further develop and 

explore use of the system. A case study approach was used to assess the use of 

the system by a health care agency. The group, which used the first generation 

facility for its planning sessions, reported that the process had increased its 

effectiveness and that it was satisfying to the participants. Survey work at the 

University of Arizona has been used in the management of the software projects, 

with a goal of enlarging the scope of tool applicability. Field studies have focused 
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on the assessment of the use of the system in an organizational setting and is the 

focus of this dissertation. Laboratory experimentation has been undertaken to 

identify the seemingly complex relationships among the many variables which affect 

the outcomes of using a GDSS. Such variables as anonymity vs lack of anonymity 

during idea generation have been explored. Conceptual work has provided the 

guidance for much of the rest of the research, including such areas as increasing 

the task domains to be brought to GDSS and developing more automated support 

for the facilitation process. 

The synergism which has resulted from these diverse efforts has strengthened 

the individual work, while providing a better overview of the GDSS process Vogel 

and Nunamaker, 1987]. As a result of this, the research has yielded some 

significant findings. Efficiency and effectiveness appear not to disappear as larger 

groups are used. Groups as large as 31 have reported success with the system 

[Dennis et aI, 1988]. It is found that the value of anonymity varies depending on 

the group and task at hand. While it provides encouragement for participation with 

sensitive topics, it is not clear that it is always important. Participant satisfaction 

appears to increase with group size, at least up to the size of groups worked with 

in this system. Conflict appears to be more open as participants are more blunt 

in their comments, but the electronic system seems to diffuse the emotive aspects 
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of receiving such comments. Thus, the overall result is that the sessions tend to be 

open and comfortable for those taking part. Vogel and Nunamaker [1987] conclude 

with the observation that the multi-methodological approach has been successful in 

exploring the many complex issues in the development and assessment of GDSS. 

Three determinants of success were identified during the first few years of 

use of the GDSS at the University of Arizona [Vogel et aI, 1987]. These included 

characteristics of the facilities, the groups that used the system and facilitation of 

the session. 

Important features of the facility included an ergonomically sensitive setting, 

attention to aesthetics, mUltipurpose capability, and presentation support. The 

hardware in the facility provided individual workstations and a central file server 

connected by a broad band local area network. The software consisted of individual 

tools for flexibility with interconnectivity for an integrated approach to group work. 

They advocate that the software should be not just user friendly but user seductive. 

Some of the features of the software deemed to be important to success were the 

ability to support anonymous comment~, the ability to support face-to-face 

discussions, a flexible voting module and the ability to support an established 

agenda. 
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Determinants of success from the perspective of the groups included group 

size. They believe that the positive impact of GDSS begins to assert itself as groups 

become larger, with 8 to 16 participants being suggested. Keyboarding skill appears 

not to be a determinant of success for participants. Although this was left as a 

question in earlier research [Nunamaker et aI, 1987], continued use of the system 

has shown that most participants quickly adjust to the use of the keyboard and take 

part ful1y in the session. Anonymity appears to reduce "group think" and encourage· 

participation, while the parane1 nature of communicating in the system appears to 

reduce dominance by one member. While opinions are more bluntly stated in the 

electronic system, it appears that members respond more to the content than to the 

affective aspect of the messages. Groups with high affective or political charges 

may benefit from non-automated, face-to-face interaction as a way to build trust. 

Group experience appears to significantly affect reduction of equivocality in the 

content as well ease of use of the system. Use of on-line help for new users may 

be warranted. Levels of task difficulty may be important, as "toy" tasks may not 

warrant the expenditure of energy necessary to bring the topic to the system. 

Facilitation was recognized as a significant variable in the success of a GDSS 

session. Because of the technical knowledge necessary to operate early versions of 
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the GDSS, technical competence was found to be an important consideration for 

the facilitator. It is likely, however, that this will become less important as further 

development of the system refines the user interface. Group facilitation skills were 

also found to be important for the facilitator's role. While the GDSS provides 

strong support for group activities, it falls to the facilitator to faci1itate the process 

for the group. 

They conclude that the experience gained so far suggests that GDSSs can 

be successful in supporting the work of groups, and that the determinants of success 

are beginning to become known, but that much research needs to be done to 

explore the interactions of these many variables. 

An important feature of the GDSS at the University of Arizona is its ability 

to support external files and make them available to the users during their use of 

the system. An important question in the use of such files is the determination of 

the types of files that can successfully be used. What type of data will be most 

useful and/or most used by participants in a GDSS session? Vogel [1988] reported 

on the use of "messy" external data in a GDSS, where "messiness" indicated the 

extent that the data came from many separate sources, with varying levels of 

objectivity and varying formats with complex inter-relationships. Vogel conducted 
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a study in which 16 graduate students took part in three I-hour planning sessions 

devoted to land use and transportation in the city of Tucson. Six types of external 

files were made available to the participants: (A) Tucson statistics and 

demographics, (B) established plans for the area, (C) forecasts, (D) special interest 

group recommendations, (E) personal opinion, and (F) a small set of California 

transportation statistics. The process used for the planning session was as follows: 

idea generation, issue identification and consolidation, discussion, and rank order 

voting. 

Although the external files were available to the participants from the 

beginning, they tended to develop ideas during the idea generation phase without 

using them. Then, when identifying the key ideas, external data was more 

frequently accessed to develop support for the ideas generated. Participants tended 

to access the less "messy" data first, the statistics and demographics. As time passed 

they tended to access the more "messy" data, such as personal opinion and special 

interest group data. Access of files, as would be expected, tended to follow the 

subject matter of the discussion. Although the external files had roughly similar 

amounts of data in them, they were not used equally to support ideas in the issue 

identification phase of the system. Statistics were used most often, followed by 

special interest groups, forecasts, personal opinion, plans and California statistics. 
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The study confirmed that participants would, in fact, use external data in the 

pursuit of their group goals. While all the files were accessed and used by the 

participants to support their positions, they tended to use them after the idea, 

generation phase and they tended to start by accessing the least "messy" data first. 

After more than three years of operational experience with a G DSS a t the 

University of Arizona, a number of significant parameters of successful use of the 

system have become known. These were summarized by Vogel, et al [Vogel et aI, 

1988], in a discussion of the first three years' learning experience with the system. 

The authors present an overview of the status of GDSS research at the University 

of Arizona, from the opening of the first GDSS lab, with workstations for 16 users, 

in March 1985, through the use of the second generation lab, with workstations for 

24 users, beginning in November, 1987. Vogel, et aI, report that from the 

experiences in these labs a number of significant parameters of effective GDSS 

have been learned. Experience has shown the value of considering features of five 

parts of a GDSS implementation. These are the facility, hardware, software, 

facilitation and the groups that use the system. Considerations that they report to 

be valuable in each of these areas are as foHows: 



Facility Design 

Accommodate various group size and configurations 

Provide sound and air conditioning 

Executive appeal is important in the surroundings. 
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Facility should allow face-to-face as well as computer communication 

Provide multiple large front viewing screens 

Lighting should consider workstation and face-to-face needs 

Geographically dispersed groups may be possible 

Hardware 

Should support individual interaction 

Provide local intelligence to participants, including side files 

Use central file server for main data files 

Provide support for multiple media presentations 

Provide high resolution graphics screens, mouse support 

High capacity LANs to maximize communication possibilities 

Electric podium to support facilitation activities 

Software 

Comprehensive capabilities 



Flexible applications 

Integrate group tools with knowledge base 

"User-seductive" tools should encourage participation 

Support individual data acquisition and group contribution 

Support agenda generation 

Support facilitators and researchers 

Groups 

Effectiveness and efficiency increases with larger groups 

Anonymity is important, but varies with task and process 
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Groups benefit from face-to-face and computer moderated interactiOl~ 

Selection of tools and their order should be tailored to the group 

Participation with anonymity increases sense of equality 

Member satisfaction increases in larger groups 

Conflict is surfaced but moderated by electronic system 

Facilitation 

Pre-session planning is very important 

Need for technical competence varies with maturity of system 

Group facilitation skills are important 



Hardware and software can assist facilitation process 

New groups can begin using system quickly (5 min.) 

Multi-methodological approach is indicated for GDSS 

Multi-disciplinary understanding of GDSS is necessary 
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The authors conclude that although much has been learned, and while the 

promise and possibilities of computer-aided support for group work appears to be 

real, much research lies ahead if we are to fully exploit those possibilities. 

2.6 Summary 

The conceptual development of GDSS has shown the value of bringing 

computer-aided support to bear on the problems of group decision making in 

organizations and it has indicated some of the directions that this development 

could go. It has also suggested the potential impacts of GDSS that one might 

expect to see on organizations as they begin to use GDSS on an operational basis. 

Experimental work has begun to explore the significant variables that affect 

GDSS. However, the experimental work seems at this point to be seriously limited 

by two major short-comings in the research design. First, most of the experimental 
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work has been carried out with laboratory quality GDSS. By this is meant GDSS 

which tend to have few supportive features, little attention to the complete group 

work process, and which are not usable by real organizational groups attacking 

significant organizational problems. Second, most of the experiments have used 

groups of size 3 to 5. Research has shown that this is not a likely group size to 

demonstrate the value of using GnSS to support group work. Future experimental 

work with larger groups using more sophisticated GDSSs may be needed to provide 

a better understanding of the interactions of the significant variables. 

Research into the potential of GnSS has progressed in a few short years 

from halting first steps, to experimental efforts with relatively crude GDSSs, to the 

development and operation of academically supported GnSS facilities. While it is 

expected that developmental and experimental efforts will continue at these 

facilities, it is now time to explore the use of a GnSS in an operational setting. 

That is the next step, and that is the focus of this study. 
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CHAPTER 3 

3.0 GROUP DECISION SUPPORT SYSTEM (GDSS) DESIGN 

The GDSS which was implemented and assessed for this study was designed 

and developed at the Management Information Systems Department of the 

University of Arizona. This system is process oriented; it is designed to support the 

processes that groups use as they work together to reach a common goal 

[Nunamaker, 1986]. This is in contrast to GDSS which are goal oriented; those 

which are designed to answer specific problems through the application of various 

models [Bui, 1987; Sol, 1988]. GnSS which are process oriented tend to be more 

general in their application, since they are not confined to the solution of one or 

a few specific problems [Huber, 1984]. The University of Arizona GDSS has been 

used for a variety of purposes, including idea generation and issue analysis 

[Applegate et aI, 1986], organizational planning [Applegate, 1986], strategic planning 

[Dennis et aI, 1987], and information sharing, deliberation and choosing, 

[Nunamaker, 1987]. 

The University of Arizona GDSS includes five major components: facility, 

hardware, software, procedures and facilitation. Together, these components 

provide the work group with support for many types of collaborative tasks. The 
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system is similar in concept to what Kraemer and King [1988] call the collaborative 

laboratory which is designed to focus on computer support for groups working face

to-face. This chapter will describe more fully the GDSS that was used for this 

study. 

3.1 Facility 

The facility was constructed on site at the plant in a room which was 

prepared for, and is dedicated to, the use of the system. This room is 

approximately 20 by 25 feet and has two doors leading into it. One of the doors 

leads into a main hallway of the plant and the other leads into a secondary hallway. 

Off this secondary hallway is a small room which serves as a machine room for 

some of the hardware for the system. The room has seating for the facilitator and 

10 participants at a U-shaped table, plus seating for up to 8 observers along the 

back wall of the room 

The participant focal points of the facility are the individual computer screens 

and large front projection screen, which are detailed in the next section, plus two 

white boards. Together, these features provide the facility with options for manual 

and computer-supported group work. 
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The facility has been prepared with sound conditioning of the walls and floor 

to reduce the ambient sound level. This incudes carpeting and sound absorbing 

wall covering. Installed lighting was designed to enhance the use of the system, and 

can be adjusted for the media currently being used, whether computer screens, 

front screen, white boards or face-to-face communication. 

3.2 Hardware 

The hardware for the system inc1udes twelve networked micro-computers 

with color monitors, (10 participant workstations, a facilitator station and a file 

server), an overhead projector and a laser printer. The computers are PC-DOS AT 

type computers with hard disk storage and they are connected by a token-ring local 

area network (LAN). The hard disk storage on the participant computers is 

important because it provides direct participant access to various support files 

without increasing the load on the LAN. 

While individual support is provided through the provision of a computer to 

each participant, the computers are connected to each other and to the printer by 

a token-ring local area network (LAN) and to the overhead projector by a video 

network. In addition, the token ring network allows connection to corporate 

mainframes, and thus to corporate data bases. 
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3.3 Software 

The software used in this GDSS consists of a set of interrelated programs 

that were developed at the University of Arizona Management Information Systems 

Department. This software is designed to run on a networked system of MS-DOS 

micro-computers. Each of the tools is designed to work in concert with a 

knowledge base, which is structured to capture information and store it in a form 

that can be readily applied to the collaborative work process. 

This software was written as a group of interrelated "tools" which work 

together to meet the needs of the group. While each of the tools can stand alone, 

they were all designed to work as a unified system, with each tool being able to 

either receive inputs from another, provide outputs to another or both. Thus, lists 

of key items developed in one tool can be entered into another tool for rank-order 

voting. The participant programs are stored on the individual computers, with data 

files being passed over the LAN. This provides faster response time to the 

individual user, while reducing the load on the network. 

A model for typical group work processes 'guided the development of the 

software modules (Figure 1). Through experience at the University of Arizona it 
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has been learned that this process works with many groups [Nunamaker, 1987]. 
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This model closely parallels the planning and decision making process model 

put forth by Janis and Mann [1976]. The Janis and Mann model has four steps; 

1) appraising the challenge, 2) surveying the alternatives, 3) weighing the 
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alternatives and 4) deliberating and commitment. It has been suggested that 

because of the problems inherent in man's bounded rationality, it is desirable to 

provide computer support for the processes in this model [Sage, 1981]. The 

University of Arizona GDSS is designed to provide that type of support. 

The system is designed to direct, focus and guide the efforts of the 

participants in the process of collaborative management work. This includes the 

elicitation, organization and evaluation of information. The system provides the 

means to capture all relevant information and build a "planning memory" of the 

group's process. It also provides the means to access outside knowledge bases and 

make that information available to the participants. 

Of the tools shown in the model, the major tools that have been 

implemented at this field site are electronic brainstorming (EBS), issue identification 

and analysis (IA) and voting module (VOTE). In the following paragraphs we will 

look at how these tools were used by work groups using the group work model of 

Figure 1. 
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3.3.1 Electronic Brainstorming (EBS) 

The initial stage of this model of group work consists of developing ideas 

relevant to the question which brought the group together. To support this idea 

generation stage of the process, Electronic Brainstorming, (EBS), was developed. 

This software supports parallel input of ideas to increase the speed of entry, 

distributes files among the participants to cross-fertilize the idea generation process 

and provides anonymity of input to discourage "group think" while encouraging 

honest opinions [Vogel, Nunamaker, Applegate and Konsynski, 1987]. Throughout 

this process, all ideas are captured in computer files to be made available both for 

later consideration and to supply input to the next stage of the process. 

For example, if a group were doing strategic planning for a three year time 

frame, the initiaJ question might be, "What will be the major problems and 

opportunities confronting our organization during the next three years?" The group 

would use EBS to respond to this question. As the responses are entered, the files 

would be exchanges among the users, and each participant would benefit from 

reading comments from others. 

There are a number of significant attributes of this tool [Vogel, Nunamaker, 

Applegate and Konsynski, 1987]. First, all of the participants work in parallel. 
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Thus, time is saved as everyone is able to contribute at the same time. In addition, 

this process brings all participants into the process, unlike manual meetings where 

some people may never get a chance to share their ideas. Second, every comment 

is saved in the files of the system. Thus, unlike manual systems in which many 

good ideas may go unheard, every idea is captured. Third, all ideas can be entered 

anonymously, so that participants respond to the value of an idea not to the person 

who said it. 

3.3.2 Issue Analysis (JA) 

Once the ideas are generated, groups need to organize what they have. 

This stage, idea organization, is supported by the Issue Analyzer tool, (IA), which 

provides a means for the group to work together to identify the key issues in the 

generated ideas. The software developed for this stage of the model can support 

either individual participant organization of the ideas, followed by a structured way 

to consolidate everyone's individual efforts, or it can support a process of single 

entry of the key issues by the facilitator as the group works through the ideas 

verbally together. 

During this time, additional comments can be entered and comments can 

be edited as the ideas are developed and organized. At the conclusion of this 
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process, ideas are consolidated into the key ideas that the group wishes to focus on. 

As ideas are added, modified and combined, the supporting comments are kept 

attached to them so that a complete record is maintained. 

3.3.3 Voting (VOTE) 

Finally, once groups have had a chance to discuss and consider the issues, 

they need a process by which they can express their preferences or votes. This is 
'\ I~ 

supported through a software tool (VOTE) which allows the users to express their 

preferences in any of a number of ways, including rank ordering, yes/no, and 

multiple choice. 

Frequently, at the end of the Issue Analysis process, the group will want to 

rank order the ideas developed. There may be a number of ways in which the 

group wishes to rank order the ideas, such as threat level, cost, ease of 

implementation, etc. The VOTE module provides the means for doing this. The 

files from the IA tool can be moved directly into the VOTE module and the 

participants can then each individually rank order the ideas. VOTE then collects 

all of the rank orderings, tabulates them and makes the results available for display 

to the group in both matrix and graphical form. By repeating this process, the 

group can rank order the issues in as many different ways as they wish. As with 
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the other tools, the output of this tool is saved to a file to be available to the group 

for later consideration. 

While not necessarily indicative of every work group's process, this model has 

been found to be useful for modelling many typical uses of the system [Nunamaker, 

1987]. In addition, the model is seen as flexible and allows variations of the 

process, depending on the specific needs of the group. In many sessions held at 

the University of Arizona's GDSS laboratory, groups were able to effectively use 

this model, either directly or with modifications [Applegate, 1986; Applegate et aI, 

1986; Dennis et aI, 1988; Dennis et aI, 1988; Nunamaker, 1987; Nunamaker et aI, 

1987; Vogel and Nunamaker, 1987; Vogel, 1988; Vogel, Nunamaker, Applegate and 

Konsynski, 1987; Vogel, Martz and Nunamaker, 1987; Vogel et aI, 1988]. 

3.4 Procedures 

Procedures have been developed which are designed to direct both the use 

of the individual tools as well as to provide a guide for selecting and using the tools 

in concert to help the work group to achieve its goals. The procedures for selecting 

the tools are based on the same group work model which was used for the 

development of the system. 
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The use of the model begins in a preplanning session in which the group 

facilitator meets with the group initiator to plan the way in which the system will 

be used for that specific group. Consideration of this model provides a baseline 

from which the specific group's process can be selected. First, the facilitator and 

the group initiator discuss the goals and objectives of the group in terms of the 

process desired. Based on what is discussed, the individual tools are mapped to the 

process, with modifications made as they are needed to achieve the group's goals 

and objectives. 

Individual modifications to the model might include beginning with IA rather 

than EBS for some meetings, or it might require the use of EBS to pose a series 

of basic questions rather than just one. It might also include variations on use of 

the VOTE module. If EBS is to used, the preplanning meeting will be used to 

determine the wording of the EBS questions. In other words, the model provides 

a departure point from which individual groups processes can be selected to 

maximize the efforts of that group. 

In the group work session, procedures assist the facilitator in leading the 

group through the predetermined process. The entire system is menu driven from 

the facilitator's station, and it is designed to be both flexible and straightforward in 
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its use. While familiarity with the use of the system by the facilitator is essential, 

it is a relatively easy system to use effectively. The procedures for each of the 

tools is guided by the menu orientation of the system. 

3.5 Facilitation 

Facilitation of the aDSS process provides the guidance necessary to ensure 

the maximum benefits of using the system. The role of the facilitator requires both 

technical knowledge of how to use the system as well as good group facilitation 

skills. Experience at the University of Arizona has demonstrated the value of the 

facilitator's role in the aDSS process [Vogel et aI, 1988]. 

There are a number of goals of the facilitator's role. The fundamental goal 

is to work with the group initiator to establish and carry out a process that will 

meet the initiator's goals, using the capabilities and features of the automated 

system. To do this, the facilitator must work with the group initiator to clearly 

understand what is desired in the aDSS session. Then the facilitator must facilitate 

the agreed upon process in the session to ensure that the desired group goals are 

met. 
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The facilitator is responsible to carry out the agreed upon process, but is not 

responsible for the content of the outcome. This is an important distinction. It 

focuses the facilitator's attention on process rather than content and allows the 

participants to focus on the content of the session rather than the details of the 

process. Sometimes, however, the content may have significant process messages. 

For instance, an increasing number of non-task comments may indicate a need for 

a break. In such situations, the facilitator would act on the process messages in the 

data. Generally, however, the facilitator maintains a content neutral stance while 

supporting and encouraging the unfolding of the agreed upon process. 

The facilitation process begins with a pre-session planning meeting which 

includes the session facilitator and the group meeting initiator. During this meeting, 

basic questions about the group's goals and desired process are discussed and 

answered. From this information, the tools to be used in the session are selected 

along with their order and other details of the session. Thus, the pre-planning 

session supplies the necessary information to tailor the GDSS process to the unique 

needs of each particular group. 

During the session itself, the facilitator introduces the participants to the 

GDSS, the process to be followed in the use of the GDSS, the tools to be used in 
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the process, and directs the participants in how to use the tools. The facilitator's 

focus is on process, not the data generated. There are three types of process which 

the facilitator monitors. Overall, the facilitator is concerned with the session 

process. Within this overall process, however are two other processes of interest, 

tool operational process and group process. The overall process includes the lise 

of the various tools to meet the group's needs to achieve its stated goals. The tool 

operational process concerns the use of the individual tools. This includes 

instruction in the use of the individual tools, beginning and ending the use of each 

tool, and ensuring that each participant is able to effectively use each tool. The 

process of group dynamics concerns the group's ability to work together effectively, 

and includes individual attitudes and feelings and the way these interact among the 

group members to affect the group's functioning. 
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From a theoretical perspective, there is much that is not known about the 

potential of bringing computer-assisted technology to bear on work group 

.environments. While considerable research has been done on the performance of 

various types of manual groups [Bales and Borgatta, 1965; Green and Taber, 1980; 

Hackman and Vidmar, 1970; Hare, 1981; Hare, 1976; KatzeIl et aI, 1987; Mills, 

1953; Mills, 1956; Mills, 1967; Roby, 1968; Shaw, 1981; Slater, 1958; Thomas, 1963], 

and research has been done on the use of GDSSs with groups in laboratory 

environments, [Applegate, 1986; Applegate et aI, 1986; Dennis, George, Nunamaker 

and Vogel, 1988; Dennis, Heminger, Nunamaker and Vogel, 1988; Gallupe, 1985; 

Gallupe et aI, 1988; Gray, 1981; Gray, 1983; Jessup et aI, 1988, Nunamaker, 1987; 

Nunamaker et aI, 1987; Vogel, 1988; Vogel, Nunamaker, Applegate and Konsynski, 

1987; Watson, 1987; Watson et aI, 1988; Zigurs, 1987], there is as yet little data 

available on the use of GDSSs in organizational environments. A study by Gibson 

and Ludl [1988] provided evidence that user acceptance is a necessary requirement 

for the success of a GDSS in an organizational environment. Beyond that, it is not 

yet clear what the parameters are which determine a successful implementation in 

organizations. Therefore, there are many basic questions which need to be explored 
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to better understand the promises and limitations of this technology. To help find 

answers to some of these questions, this study is exploratory in nature. 

Because of the exploratory nature of this inquiry into the use of a GDSS in 

an operational environment, the study will make use of the concepts of grounded 

theory [Glaser and Strauss, 1967]. Grounded theory, which was developed from 

sociological research, promotes the development of theory which is grounded in the 

data which is gathered. This approach is particularly useful in the early stages of 

investigation, as is the case with the present research. 

In the application of grounded theory, one starts with general research 

questions. These questions provide a starting point for data collection. As data 

is collected, what is learned provides direction for modifying the research questions, 

and for modifying the data to be collected next. For this study, there are three 

basic research questions. 

4.1 Research Questions 

In an operational environment, the fundamental interest is in the success of 

the GDSS implementation. That is, does the GDSS meet its objectives? Desanctis 

and Gallupe [1987] proposed that effectiveness and efficiency be considered the 
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long term objectives of GDSS with user satisfaction being a necessary though not 

sufficient condition. Vogel, Nunamaker, Applegate and Konsynski [1987] also listed 

as goals of a GDSS, effectiveness, efficiency and user satisfaction. 

Effectiveness is a basic objective of any GDSS. If the system isn't effective 

in achieving the goals of the group using it, there would be no reason to use it. 

In such a case, a manual system, or any other system which could help the group 

achieve its goals, would be preferable. 

Efficiency, like effectiveness, is a basic objective of a GDSS. The system 

must be able to help the group achieve its goal at least as efficiently as a manual 

system which could do the same thing. There are two parts to this. It should not 

consume more resources, in terms of time and effort to aid in reaching the goal, 

than a manual system, and it should be able to aid in reaching the goal at least as 

quickly as a manual system. Given similar effectiveness, an organization would not 

be likely to continue to use an automated system which consumed more resources, 

or which took far longer to reach its goals, than a manual system. 

User satisfaction, while an important objective, can be seen as one way to 

measure an even more basic objective. That objective is the participants' willingness 
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to use and to continue to use the GDSS. Assuming that the GDSS is both effective 

and efficient, it is important to know whether or not people will use it. The most 

effective and efficient system in the world is of no value if people won't use it. This 

underlying objective can be expressed as user acceptance of the system. Therefore, 

user acceptance will be treated in this study as one of the basic objectives of GDSS, 

with user satisfaction considered as a necessary determinant of user acceptance. 

The research questions for this study will follow from the above discussed 

GDSS objectives of effectiveness, efficiency and user acceptance. Therefore, the 

research questions are: 

1. Is the system effective? 

2. Is the system efficient? 

3. Will the system meet with user acceptance? 

The answer to all three of these questions must be yes to be able to 

conclude that an operational implementation of a GDSS has been successful. First, 

the system must be deemed to be effective in helping the work group to achieve 

its objectives or there would be no reason to use it. Second, it must achieve this 

effectiveness in an efficient manner, or it will not be cost effective to consider its 
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use. FinalIy, it must meet with the acceptance of the people for whom it is 

intended or it wilI simply not continue to be used. Together, meeting these three 

goals provides the basic requirements for successful implementation of an 

operational GDSS (Figure 2). 
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Requirements for a Successful 
GDSS Implementation 

Figure 2 Successful GDSS 
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The research questions can also be stated as research propositions. For the 

GDSS implementation to be deemed a success the following propositions must be 

supported. 



Proposition 1: 

The GDSS implemented in the operational site will be 
effective in achieving the groups' goals. 

Proposition 2: 

The GDSS implemented in the operational site will be 
efficient. 

Proposition 3: 

The GDSS implemented in the operational site will 
meet with user acceptance. 
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The data collected to answer the research questions will provide information 

to either confirm or deny the research propositions. It is also intended that it will 

provide information that will suggest areas for future research into the development 

and implementation of GDSSs. 

As the data is collected on the implementation, it is expected to shed light 

on the research questions and propositions listed above. In addition to providing 

answers to the research questions, it is intended that the data will provide 

information to support the development of a research model which can be used to 

explain the operation of the GDSS in an organizational setting. To begin this 
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process, a model will be presented that attempts to explain the way that a GDSS 

and an organization interact. As data is gathered from the study, it will be checked 

against the model to learn where the model is accurate and where it needs to be 

changed. 

4.3 GDSS Research Model 

A research model is proposed as a means for identifying significant variables 

and understanding their relationships (Figure 3). This model is also intended to 

provide a context for the selection of variables for this study: effectiveness, 

efficiency, and user acceptance. From this may come a better understanding of the 

important variables and their relationships, which can provide the necessary 

background for directing future research in this area. Using a grounded theory 

approach, the research will begin with this basic model which will direct initial data 

collection and understanding. As results from this process accumulate, the model 

can be modified as warranted to better explain the use of a GDSS. 

4.3.1 Basic Model 

The initial model considers input, process and output (IPQ), using the 

groups of variables in each area that are believed to affect the successful use of Cl 

GDSS. Within the work group environment inputs are divided into four categories: 
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Figure 3 GDSS research model 

group, task, context and GDSS technology. These four variables work through the 

group's process to generate the group outconle. While process is shown as an 

intervening variable between the input variables and the outcome, it is expected tha t 

process can be seen as either an input or an outcome, depending on the particular 

research question being asked. 

This entire IPQ process is embedded within the organization's decision 

making environment, which in turn provides the mediating process between the 

input of organizational structure and organizational' outcomes. This suggests, as will 
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be discussed in a later section, that there are multiple levels of analysis within this 

model. 

Within this Jinear view of the model, effectiveness, efficiency and user 

acceptance can be seen as vaJid and valuable outcomes to measure system success. 

However, the model has both linear and cyclical components. These same variables 

may have important ramifications for a cyclical view of the model as well. 

4.3.2 Feedback Loops 

In addition to the linear elements of the model there are feedback loops. 

These loops imply that group outcomes can affect the work group environment and 

that organizational outcomes can affect organizational structure [Weick, 1979]. 

According to Weick, feedback loops can be either positive or negative. That is, 

they can ampJify deviations in the system or they can dampen them. Which they 

do depends on the variables in the loops and the structure of the system. For 

instance, an attempt to introduce new technology into a planning system would be 

a deviation in the established system. Whether it would result in further changes 

in the system (deviation amplifying) or result in the innovation being quashed 

(deviation dampening) would depend on the interaction of the deviation and the 

system. 
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In this model, the deviation introduced into the system is the introduction 

of the GDSS. Whether or not its use is encouraged (amplified) or discouraged 

(decreased) by the system depends on the feedback loops. In the inner loop, there 

is feedback from the outcomes of the group to the work group environment. If the 

outcomes are positive, they wi11 tend to increase the likelihood of the work group 

environment to use the GDSS next time. If, however, the outcomes are negative, 

they will tend to decrease the tendency to use the GDSS. Similarly, iT[ the larger 

loop, there is feedback from the organizational outcomes to the organizational 

structure. Positive organizational outcomes will tend to increase the inclusion of 

GDSS in the organization's decision making environment, while negative outcomes 

will tend to decrease it. 

The specific variables of interest to this study, effectiveness, efficiency and 

user acceptance, have importance to the model not only because of their previollsly 

discussed value in measuring system output, but because of their role in the 

feedback process as well. Depending on the effectiveness, efficiency and lIser 

acceptance generated by the outcomes of the processes, groups wi1l either be more 

or less wil1ing to use such a system and organizations will be either more or less 

wi1ling to incorporate them into their organizational structure. 
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If the outcome of a session produces sufficiently high levels of effectiveness, 

efficiency, and user acceptance, groups will be likely to use the system again and 

the organization will be likely to make the system available in its decision making 

environment. In essence the feedback would be positive, or change inducing. The 

introduction of the GDSS, which is the deviation in the system, would be reinforced. 

If, however, the outcomes produce sufficiently negative levels of effectiveness, 

efficiency and user acceptance, the result would be change minimizing, groups would 

be inclined to reduce their use of the system and the organization would be less 

likely to include it in its decision making environment. In the following sections 

effectiveness, efficiency and user acceptance will be examined for their roles as links 

in the chain of feedback loops. 

4.3.3 Effectiveness and Efficiency 

Effectiveness and efficiency are concepts which are important both within Cl 

linear and a cyclical view of the research model. Effectiveness, of course, is the 

prime reason for installing any system. From a linear view, the goal of a system 

to a group or an organization is to achieve an objective. To the extent that it is 

effective at doing that, the system is worth using. Similarly, efficiency is a major 

interest for any system in an organization. Given that a system is effective, the next 
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significant question for the group and the organization is its efficiency. Efficiency 

can be measured in terms of the relative cost of achieving a goal by one method 

versus the cost of achieving the goal in some other way. From this perspective, the 

question would be one of comparing costs of using one system to achieve an 

objective versus the cost of using alternate available systems. 

However, both effectiveness and efficiency have elements which are 

important from a cyclical or systems view of the model as well. Effectiveness and 

efficiency as group outcomes would provide feedback to the work group 

environment, where they would impact on the group's choice of a work method in 

the future. Similarly, effectiveness and efficiency as organizational outcomes would 

impact on organizational structure, which would affect the organization's decision 

making environment. 

At the decision making level, groups would be less likely to continue to use 

a system which is perceived as not effective or efficient. They would be more likely 

to use another process that they found to be more effective and efficient for their 

purposes. However, even if the groups using the system found it to be effective 

and efficient from their standpoint, the organization would be affected by 

effectiveness and efficiency at the organizational level. If these outcomes were 
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sufficiently high, the structure could be expected to change In directions which 

mandate or encourage the use of such systems. On the other hand, if the 

organizational outcomes were sufficiently low, it would encourage an organizational 

structure supportive of manual group systems. 

4.3.5 User Acceptance 

While others [DeSanctis and Gal!upe, 1987; Vogel, Nunamaker, Applegate 

and Konsynski, 1987] have included user satisfaction as a basic objective of a GDSS, 

this study has chosen to use user acceptance instead. The cyclical aspects of the 

GDSS research model provide a way to explain the reason for this choice and to 

show the link between these two related concepts. 

Some level of user satisfaction is an outcome of the GDSS process, as are 

levels of effectiveness and efficiency. However, unlike effectiveness and efficiency, 

user satisfaction does not appear to have direct benefits which apply to the goal for 

a GDSS session, such as the creation of a good plan in a short period of time. 

Instead, user satisfaction's most direct impact is on the use of the system through 

the inner feedback loop. The level of user satisfaction provides feedback to the 

work group environment where it can affect the group in terms of user acceptance 

of the system. If user satisfaction is high it will tend to create high user acceptance, 
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while if it is low it will tend to create low user acceptance. It is high or low user 

acceptance of the system which leads to increased or decreased use of the system. 

Thus, while user satisfaction may have little impact in the short run, its impact in 

the long run may be crucial to the successful implementation of a GDSS. The most 

effective and efficient system in the world provides no benefits if it is not used. 

User acceptance seems more likely to be an issue at the level of the 

individual and the group. It is possible that a GDSS could be deemed to be both 

effective and efficient at both the decision making and organizational levels and still 

have the system fail because of lack of user acceptance at the individual and group 

use level. This is consistent with the feedback loop for user satisfaction being 

mainly through the inner loop from group outcome to work group environment. 

The feedback loops in the GDSS research model help to explain the findings 

of Gibson and Ludl in the Execucom case [1988]. The use of a system which the 

participants perceived as working against their best interests resulted in a lack of 

user satisfaction. The lack of user satisfaction provides feedback through the 

feedback loop which resulted in low user acceptance of the system. Over a period 

of time, the low user acceptance resulted in a diminishing use of the room, until 

it finally fell out of use altogether. 
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4.4 Units of Analysis 

As suggested by the preceding discussion, there are multiple levels, or units, 

of analysis inherent in this research model. Four basic units of analysis have been 

identified within the model. From smallest to largest, these are: the individual, the 

group, the task, and the organization. This dissertation will focus on aspects of the 

first three of these. Organizational changes as a result of GDSS implementation 

are likely to require a longer term study. However, to the extent that data is 

generated that speaks to this level of analysis, it will be discussed. 

While GDSS use is aimed at improving group interactions, it is important 

to keep in mind that the participants are each individuals. If the system does not 

meet the needs of the individuals who make up the work group, the participants 

may refuse to use the system, or they may not be able to optimally contribute to 

the group effort. One of the three goals of the GDSS, as stated earlier, is to 

provide a system that will meet with user acceptance. Thus, a better understanding 

of GDSS impact on the individual users will be important to the successful 

implementation of any GDSS. 
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The next larger level of analysis is the group. While work done in the 

behavioral sciences in the area of group work may be helpful, it will be important 

to recognize those differences which result from the addition of an automated 

system. Willingness to use the system, evenness and amount of participation, levels 

of conflict, degree of completion of group process and commitment to outcome are 

among the variables which will be important to explore from this perspective. 

While size has not been systematically varied in this study, it will be valuable to 

demonstrate whether or not the system can successfully support the size of groups 

that are selected for GDSS use. 

This level of analysis requires considerations of the interplay of the group, 

task, context, technology and process to achieve the desired group outcomes. The 

type of task to be undertaken is likely to have impacts both within the decision 

making environment and the organizational environment. While some tasks may 

only require a single group meeting, others may require multiple meetings, plus 

additional work outside the meeting environment. The ability of the GDSS to assist 

the group in completing its task will be important at this level. 

The largest level of analysis is the impact of the GDSS on the organization. 

While this level will not be explored in depth in this study, what is learned here 
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may have impact on that level of analysis. For instance, if automated groups are 

able to effectively handle large problem domains it may be possible that GDSSs will 

allow or promote changes in organizational structures. Similarly, the ability of 

GDSS to include more people in important group management meetings may result 

in a better shared vision throughout the organization. This level of analysis may 

benefit from what is learned here, but it will be left for another time to study this 

level. 

By considering the research model in terms of these four levels of analysis, 

it is hoped that it will be possible to determine which parts of the model are 

accurate and which need to be changed. It is also expected that what is learned 

about the model will help to suggest areas for future research into the development 

and implementation of GDSSs. 
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The research methodology is a field study. It involves the assessment of the 

use of the University of Arizona GDSS by collaborative management work groups 

at a manufacturing plant of a large electronics company. 

As categorized by Runkel and McGrath [1972], a field study is an 

unobtrusive study of a particular behavior system in a natural setting which is 

designed to maximize the realism and context of the setting. Thus, the choice of 

a field study will allow the examination of the impact of a GDSS in a setting typical 

on those for which GDSSs have been developed. As developed by McGrath and 

Runkel [1972] and McGrath [1982, 1984], all research is faced with the dilemma 

of attempting to maximize generality, precision and realism. Yet, any attempt to 

maximize anyone of these results in taking away from either or both of the others. 

Therefore, researchers must choose which of these to focus on in any given sludy, 

(see Figure 4). 

This study will seek to maximize realism and context over generality and 

precision. By doing so it is expected that this methodology wiII be likely to provide 
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Figure 4 Research strategies 

results which accurately reflect the impact of using a GDSS in the context for which 

such systems are designed to be used. It is intended that this study will make it 

possible to make some statements about the applicability of the use of this type of 

GDSS system in a large organizational environment. In addition, the methodology 

is more likely than experimental methods to detect unexpected factors which can 

affect the efficacy of this system in a real world setting. 
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There are, of course, limitations to this choice of methodology. While the 

results may accurately reflect the experience in one real world setting, 

generalizabilty will be reduced and loss of precision will make causal relationships 

less clear. Rigorous research protocols cannot be enforced in an operational setting, 

thus precision is reduced and unanticipated or uncontrolled factors may affect the 

obtained outcomes. As a result, causal relationships are less clearly delineated. In 

addition, the unique qualities of this particular installation at this particular site will 

limit the ability to generalize the results to all organizations. This must be balanced 

against the opportunity to observe the implementation of a GnSS in an operational 

setting where its use can be observed, and its value to the organization and its 

acceptance by its users assessed. 

5.1 Research Setting 

The setting for this field study is a manufacturing plant which employs about 

6,000 workers. This plant is one of a number of such plants operated by the 

participating company. The plant engineers and manufactures one or few of a kind 

specialty electronics components and assemblies. Because of the nature of the 

work, the employees of the organization tend to be highly skilled. 
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The system was installed in a room that the plant has prepared and 

dedicated to this use. Preparation of the room included ergonomic factors such as 

light and sound conditioning, as well as operational needs, including insta!1ation of 

networked micro-computers which utilize both d~ta and video networks for use by 

the participants in the GDSS process. Facilitators from among the plant personnel 

were selected and trained in the use of the system. Since the company had already 

supported the training of facilitators for manual problem solving meetings, it was 

possible to call on those with this background to be trained to operate and facilitate 

the GDSS. 

5.2 Research Design 

The GDSS system was used by selected management groups to work on a 

variety of collaborative management issues. The groups which used the system 

included some which were ongoing and some which were established on an ad hoc 

basis to work on specific issues as the need for them was recognized. The selection 

of groups to use the automated system was made by those employees of the 

organization who had been given responsibility for the facility. Since this choice 

was outside the control of the investigators, randomizing techniques were not 

possible for the assigning of conditions. 
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The core of the process was the collection of data which was expected to 

shed light on the use of the system as it was implemented in the work site 

application. Data was collected from the facilitators, participants, managers and 

other relevant people during a nine month period. Data co11ection for this study 

included pre-session and post-session self report instruments which were given to 

users of the GDSS system, folIow-up interviews with group i~litiators and users of 

the system, interviews with relevant key individuals within the plant, and log data 

obtained from files/records of the sessions. The focus of the data co11ection was 

to gather information on the effectiveness, efficiency and user acceptance of the 

system. 

Two areas of data colIection which were origina11y planned turned out not 

to be possible in this study. Initially, it was planned that demographic data would 

be co11ected on each of the participants. However, the participating company chose 

not to a]]ow this because of organizational policies regarding personal and 

organizational privacy. The other area of data colIection which was not done, was 

co]]ecting information on the use of manualIy operated group work which paralIeled 

the use of the GDSS. The host company indicated in early discussions that it had 

co11ected consistent participant self report data on' the manual processes that were 

then in use. Based on this, initial decisions were made to build on this data with 
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the new system, since it would offer a valuable comparison between the old and 

new processes. However, as was later learned, the data had not been collected as 

indicated, or if it was collected, it had not been kept. Similarly, it was intended to 

collect parallel data from manual groups during the time of the study. Again, 

based on a number of factors, including company privacy issues and resistance to 

collect this type of data, it was not made available. Therefore, the study did not 

enjoy the ability to make direct comparisons with similarly operated manual groups. 
, ,., .. 

It was, however, able to collect data which could shed light on the major areas of 

interest to this study, the effectiveness, efficiency and user acceptance of the G DSS 

in this operational environment. 

5.3 Research Task 

The research task was to collect data from groups that used the GDSS that 

was installed in the host company's plant. Participant assessments of the system 

were made before and after using the automated system. Patterns of use of the 

system by the participants were observed to learn about evenness of participation. 

Assessments of the effectiveness of the system were made by group initiators, who 

had the responsibility for the outcome of their group's efforts. The goal of this 

data collection was to create a picture of the system's effectiveness, efficiency and 
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user acceptance, to learn ways that the system could be improved and to suggest 

areas for future research. 

5.4 Research Procedures 

The GDSS was installed In a facility at the host company's plant and 

company employees were identified an~ trained as facilitators for the system. The 

system was then made available to work groups throughout the plant. 

The GDSS system was implemented as an available option for groups which 

planned to undertake coUaborative group work. Some of the groups were ongoing, 

some were created as needed to address specific issues. They were comprised of 

personnel from aU levels of the company's organizational structure. Typical groups 

met one or a few times using the GDSS to address the issues of concern and to 

devise strategies to meet them. The person who was responsible for calling the 

group together, and who will be referred to as the group initiator, was usuaUy the 

person to decide whether or not to use the automated system. The group initiator 

would contact the office which operated the GDSS to start the process of using the 

GDSS for his/her group. The group initiator would then meet with a trained 

facilitator in a pre-planning session to discuss the group's needs and to map those 

needs to the use of the system. At this time, basic pre-planning, such as desired 
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outcomes, significant participants, etc, would be discussed and dealt with. In 

addition, the shape of the automated session would be determined in these 

meetings. This would inc1ude the GDSS tools to use, the order in which to employ 

them and the ways that they would fit together to produce the desired outcome. 

In addition, the initial information necessary to begin the sessions would be 

determined. Most notable of this would be the formulation of the initial question 

to load into the Electronic Brainstorming (EBS) tool. 

Once this preparation was done, the group would meet using the GDSS. 

At the beginning of the session, a pre-session instrument was given to the 

participants to obtain their initial views of the system. At the conclusion of the 

session, a post-session instrument was given to them. The pre-session instrument 

was a paper and penciJ instrument, whiJe the post-session instrument was run on 

the computer. Log fi1es were collected to provide data on patterns of system use. 

The results from these instruments were regularly made available to the 

investigators at the University of Arizona. Some weeks or months after the 

completion of the group's work, follow-up interviews with group initiators were 

conducted to get a longer term perspective on the use of the system. In addition, 

discussions were held with the system facilitators and pertinent managers to gather 
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data about the use of the system. All of this data provided measures of group 

effectiveness, efficiency and user acceptance of the GDSS. 

During the course of the field evaluation, close contact was maintained with 

the site, including frequent visits to the plant and regular liaison with selected plant 

personnel to ensure adequate support for the project. While data collection was 

the major focus, liaison was available to provide support and to explore new, 

currently unexpected implementations of the system. 

5.5 Variables 

In keeping with the concept of exploratory research and the use of the 

grounded theory approach, the study began with an identified set of variables, which 

it was understood might be modified during the course of the study, based on what 

is learned in the process. To begin the investigation, the following initial variables 

were selected. 

5.5.1 Independent Variables 

The main independent variable of interest in the study was the presence or 

absence of the GDSS environment for collaborative group work. However, since 

the research design did not permit a direct comparison between parallel and 
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otherwise similar groups which either did or did not use the automated system, the 

effect of using the GDSS was measured in another way. Participant assessments 

of the use of the GDSS were either tied to the recent use of the system, in the 

case of post-session questionnaires and follow-up interviews, or to previous use of 

the system by the participants, in the case of pre-session questionnaires. 

5.5.2 Dependent variables 

The dependent variables selected for this study were chosen to shed light on 

the three areas which are expected to indicate how well the system works in a real 

world setting. These areas are effectiveness, efficiency and user acceptanr;e of the 

system. 

5.5.2.1 Measuring Effectiveness 

Effectiveness was considered from two perspectives: process effectiveness and 

outcome effectiveness. Process effectiveness concerns the capacity of the GDSS to 

actively imvolve the participants in a group focused process. This would include 

such things as eveness of participation and user assessments of the process. 

Outcome effectiveness concerns the capacity of the GDSS to help the group to 

achieve the goals that have been set for it. Each of these types of effectiveness 

was measured with multiple sources of evidence. 
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Measures of process effectiveness were gathered from three sources: system 

logs, participant questionnaires and follow··up interviews with the group intitiators. 

The system logs were used to provide evidence of the distribution of participation. 

The logs would be able to show if all group members took part in the idea 

generation phase of group work. Participant questionnaires were used to provide 

user assessments of the effectiveness of the process. They were administered just 

prior to, and just after, use of the system. The follow-up interviews were conducted 

weeks or months after the session and thus, provided a longer term view of the 

system's effectiveness. 

Outcome effectiveness was measured through questions on the participant 

questionnaires and the group-initiator follow-up interviews. As with process 

effectiveness, the participant questionnaires provided assessments from the users of 

the system at the time of use. The follow-up interviews, which were conducted with 

the group intiators weeks or months later, provided provided a longer term 

perspective. Since the group initiators were also responsible for establishing the 

group and determining its goals, the interviews with the group initiators was central 

to measuring the outcome effectiveness of the automated system. 
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5.5.2.2 Measuring Efficiency 

The efficiency of the system was measured in two ways. First was the 

response on the participant questionnaires about the efficiency of the system. This 

was a general question which provided a participant's assessment of the system's 

efficiency. The second measure of efficiency was gathered from during the group 

initiator follow-up interview. In this interview, the group initiator was asked to 

compare the actual elapsed time of the automated session to an estimate of the 

time necessary to do the same job manually. The group iniator was also asked to 

compare the actual number of planning hours with the automated session with an 

estimate of the number of hours necessary in a manual environment. 

5.5.2.3 Measuring User Acceptance 

User acceptance of the GDSS was rated in four ways. First, the pre-session 

and post-session questionnaires provided self reports of user satisfaction. Second, 

follow-up interviews with initiators of automated sessions were conducted to obtain 

a broader range of personal impressions. The follow-up interviews also gathered 

responses on the use of the room after a period of weeks or month had passed 

after a session. This was done partly to learn if the passage of time would indicate 

significantly different attitudes from the post-session questionnaires, which were 

administered immediately following sessions in the room. 
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The utilization of the GnSS system was also used as a measure of user 

acceptance. A high utilization of the system would be an indication of general user 

acceptance and satisfaction, low could be an indication of low user acceptance and 

satisfaction. The information on the utilization of the system was gathered from 

the facilitators who were responsible for scheduling sessions in the room. 

Last, user acceptance was measured at the organizational level in terms of 

organizational actions taken as a result of the trial run of the system. Continuance 

of the use of the system would be seen as a measure of organizational acceptance 

of the room. 

5.5.3 Controlled variables 

The major controlled variables for this study have to do with group size and 

participant demographics. The room is set up to handle a maximum of ten 

participants. The company in the study appears to desire to maximize the value 

of the sessions. Thus, most sessions so far have been run with nine or 10 

participants. Since all the participants are employees of the same company and live 

in the same area of the country, (a semi-rural, middle class environment), there 
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may be similarities in the demographics, although this specific information is not 

available to the study. 

5.6 Data Collection 

For each of the variables of interest, (effectiveness, efficiency and user 

acceptance), two or more independent sources of evidence were identified and 

implemented in the study, (see Figure 5). For process effectiveness, there were 

three measures. System logs provided quantitative measures of the number of files 

seen and comments made by participants during idea generations phases of several 

of the group sessions. Participant questionnaires, both pre-session and post-session 

provided participant assessments of the process effectiveness. In addition, responses 

to structured follow-up interviews provided a longer term assessment of process 

effectiveness. Outcome effectiveness was assessed by the responses to participant 

questionnaires and structured follow-up interviews. System logs did not figure in 

this variable, because the data collected by the system logs provided only process 

information. 

Measurements of efficiency were based on participant questionnaires and the 

structured fnllow-up interviews. Because it was not possible in this study to gather 

comparative data from manual and computer-assisted sessions, it was decided to 
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Sources of Evidence for 
Effectiveness, Efficiency and User Acceptance 

Effec tive ness 
Process System logs 

Participant questionnaires 
Follow-up interviews 

Outcome Participant questionnaires 
Follow-up interviews 

Efficiency Participant questionnaires 
Follow-up interviews 

User Acceptance Participant questionnaires 
Follow-up interviews 
System utilization 
Organizational acceptance 

Figure 5 Sources of evidence 

119 

gather user and initiator assessments of the efficiency of the system. This was 

judged to be appropriate because, first, the participants would be able to compare 

the use of the automated system to their own experiences in other group work 

situations. Second, the group initiators would be in a position to compare the use 

of the automated system with manual session which they had initiated previously. 
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Thus, each group would be able to make comparisons of the relative efficiency of 

the automated system from its own perspective. 

There were four measures for user acceptance. As with the other variables, 

participant questionnaires and structured follow-up interviews provided useful 

evidence about participant and group initiator acceptance of the GDSS. In 

addition, there were two more direct measures of user acceptance. First was the 

rate of utilization of the system during the period of the study, with particular 

attention to any trend of use over time. Second was the organizational measure 

of either expanding, contracting or keeping constant the capacity to provide GDSS 

capability to its employees. The measure would be the answer to the question, 

"Did the organization choose to maintain the GDSS capability, to increase it, or to 

decrease it over the period of the study?" 

The self report instruments provided measures of participant beliefs about 

the systems effectiveness, efficiency and their satisfaction with it. The instruments 

contain questions which were factor analyzed by Green and Taber [1980] and were 

shown to measure two factors, solution satisfaction and decision scheme satisfaction. 

The measures of reported effectiveness included questions which were used in 

instruments in previous experimental use of the GDSS, [Applegate, 1986; 
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Nunamaker, et aI, 1987]. In addition to these measures, questions were included 

which appear to be relevant to the use of a GDSS, including this specific 

installation. 

The questions were presented using five point Likert type scales. A five 

point Likert scale was selected for this study for a number of reasons. The 

organization where the study was conducted had previously created a number of 

instruments for assessing the value of several types of group work. Their 

instruments had used five point Likert scales and it was desired to build instruments 

which could be implemented in conjunction with their instruments. Five point 

scales were also deemed to be sufficient for this study because they have been 

found to be adequate for Likert scale instruments [Lehmann and Hulbert, 1972], 

with reliability of the responses being independent of the number of points on the 

scale [Jacoby and MateIl, 1971]. 

Structured follow-up interviews were held with those who were responsible 

for the work of the groups which used the automated system as well as with 

information system department employees who were in a position to provide 

valuable information on the effectiveness and value of the GDSS. The data in the 
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session records were used to provide various information, such as, time to solution, 

time spent in sessions, and participation patterns of the participants. 

There are a number of limitations on data gathering which are inherent with 

this field study. Two of these limitations have been imposed by the host company 

regarding the numbers of questions and the types of questions which may be asked. 

Thus, considerable negotiation has taken place between the company contacts and 

the investigators on these issues. As might be expected, some questions were 

included at the request of the company, even though they were not seen by the 

investigators as being central to the investigation. Similarly, a number of questions 

which might have been interesting to the academic investigators were disallowed by 

the company because they deemed them to be unacceptable intrusions into company 

or employee privacy. Finally, because these questionnaires were to be given to the 

employees on company time, and because it is recognized that the employees do 

not necessarily share the investigator's interest in the data collection process, there 

was a real limitation on the amount of data which could be gathered through the 

use of self report instruments. 

One way that was explored to make the data collection as productive as 

possible was to automate some of the collection process. Thus, the post-session 
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questionnaires were administered as a part of the networked procedures. This was 

done to reduce the effort required of the company's staff to coJ]ect the data on a 

regular basis and to encourage the participants to provide the requested 

information. 

Once the data were gathered, statistical techniques were applied where 

appropriate to determine levels of reported effectiveness, efficiency and satisfaction. 

In some cases, statistical tests were not appropriate because of the qualitative 

nature of the data or the limited sample size. 
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CHAPTER 6 

6.0 RESULTS 

The purpose of this study has been to assess the use of an operational GDSS 

in an organizational setting. To do this, the study has looked at system success as 

measured by effectiveness, efficiency and user acceptance. In addition, it has looked 

at ways that the system could be improved to enhance its use in organizational 

settings. The measures of system success were based on the goals and objectives 

of a GDSS [DeSanctis and Gallupe, 1987; Vogel and Nunamaker, 1987]. They 

suggested system effectiveness, system efficiency and user satisfaction. The first two 

of these, effectiveness and efficiency were taken directly from these suggestions. 

However, user satisfaction was changed to user acceptance, which is believed to be 

the hoped for outcome of user satisfaction. Research has shown [Gibson and Ludl, 

1988] that if users are not satisfied with a computerized group work system it may 

lead to lack of acceptance of the system which will lead to failure of the system. 

The next three sections will examine the data relative to system success as 

measured by effectiveness, efficiency and user acceptance. This will be followed by 

a presentation of the data which suggest ways to improve the system based on what 

has been learned. 
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6.1 Effectiveness 

This study looked at two types of effectiveness. It considered the 

effectiveness of the session process and it considered the quality of the outcome. 

The effectiveness of the session process looks at the degree to which the 

participants took part in the process and contributed to its outcome. The quality 

of the outcome looks at the degree to which the system provided the product that 

the session initiator desired when it was decided to use the automated system. 

6.1.1 Process Effectiveness 

The quality of the session process was measured in three ways. Firsl, it was 

evaluated by an examination of system log files, which provided a record of the 

amount of participation by each participant. Second, it was evaluated through 

questions which were inc1uded in the participant questionnaires. These 

questionnaires, which were given to the participants both just before and just after 

their use of the system, provided opportunities to capture user assessments just 

prior to, and just after, use of the GDSS. Since the pre-session questionnaire asked 

whether or not the participant had used the system before, it was possible to 

distinguish the responses of those who had never used the system from those that 

had. Third, the session process was measured through questions inc1uded in the 
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follow-up interview form. The follow-up interviews were conducted from three 

weeks to seven months after the sessions took place. They provided an opportunity 

to get an assessment from the group initiator that was more long term than the 

assessments elicited immediately following a session. Major differences in the 

responses between the post session questionnaires and the follow-up interviews 

might suggest significant changes over time of attitudes toward the system. 

6.1.1.1 Log Files 

The most direct method of assessing process effectiveness was the 

examination of log files. These files, which are created by the GDSS system during 

a session, indicate patterns of input during idea generation phases of group work. 

During the idea generation phase of a session, the goal is to encourage 

everyone to contribute ideas for the group's consideration. The idea generation 

tool that is most often used for this, EBS, is an electronic cognate of brain writing. 

Brainwriting is a manual tool in which a number of participants, n, work together 

to generate ideas on a topic. The same question is written at the top of n + 1 

pieces of paper, so that when each participant has a paper, there is an extra, idle 

piece of paper. When the first person finishes writing an answer on the paper 

given to him/her, that paper is exchanged with the idle piece of paper. The next 
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EBS Data from Session Logs 

Session: A (n=10) 

Length of session: 44 
(in minutes) 

Comments/minute: 2.48 

Session: B (n=9) 

Length of session: 27 
(in minutes) 

comments/minute: 3.59 

Session: C (n=9) 

Length of session: 25 
(in minutes) 

comments/minute: 4.56 

Total of all 3 sessions 

comments/minute: 3.33 

FE M 

Figure 6 Session log data 
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person finished does the same with the new idle paper. As this process continues, 

participants get to see each other's responses and to build on them. EBS is similar 

to this, except that instead of using pieces of paper, n participants are entering 

comments into n + 1 electronic files. 

The purpose of examining the log files, then, is to see if all group members 

took part in the idea generation process. Log files were available from three of 

the GDSS sessions. They documented the participation of each group member 

during the use of Electronic Brainstorming. Although the intention had been to 

have log files from more of the sessions, the staff at the company only retained 

these three sets of log files. The log files captured the number of files that each 

participant looked at and the number of entries that each person submitted to the 

group. Figure 6 shows summaries of these files. 

The figure shows two sets of numbers, one for the number of files seen and 

one for the number of comments entered. The EBS tool allows group members 

to pseudo-randomly exchange files among themselves to see the comments entered 

by others. When the participants see a file, they mayor may not choose to enter 

comments of their own. Thus, the number of files seen by any given group member 

will be at least as large as the number of comments that the member enters into 
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the system, and if that member enters a comment into every file seen, then the 

number of files seen wiII equal the number of comments entered. The number of 

files seen by group members is indicated in the first column of Figure 6. Of the 

three sessions for which log files were available, the minimum number of files seen 

by a group member was 12. The data in column 2 indicates the number of 

comments entered during the sessions. It can be seen that every group member 

entered ideas during the use of the EBS tool. The mean number of files seen by 

a]) group members was 29.86 and the mean number of comments entered was 

11.43. The minimum number of comments entered was three for each session, the 

maximum numbers were 21, 20, and 28, and the means were 10.90, 10.80, and 

12.67 for the three sessions. Thus, for the three sessions for which log data were 

available, al1 members of the groups using the automated system did participate 

in the idea generation process. This supports the proposition that the automated 

system is effective in eliciting participation from al1 group members during a GDSS 

session. 

In addition to entering comments, participants may choose to view files to 

see the comments made by others without entering any comments of their own. 

Since the sessions were of different length, it is not possible to directly compare the 

number of files seen and comments made across sessions. Therefore, the number 
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Figure 7 Patterns of EBS comments 
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of comments made and files seen were converted to files and comments per hour 

for each participant in Figure 7. Within each session, the responses were ordered 

from most to fewest comments per hour, so the participant identification numbers 

within each session are arbitrary. This graph shows a number of things. Within 

each session, there was a distribution of the frequency of the number of comments 

entered. Thus, while all participants entered comments, they did not all do so at 

the same speed. Also, every participant looked at some of the files and then sent 

them away without adding their own comments. In addition, the distribution of files 
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seen and of comments made do not coincide. Apparently, different participants 

used the abilities of the EBS tool in different ways. It is clear that some users, 

such as user number 4 in session A and user number 4 in session B, each made use 

of the ability to see the comments of others much more often than they entered 

their own comments. There is no way of knowing the reasons for this, but one 

might speculate that these users represent group initiators who want to see what 

other participants are saying, or that they are particularly curious individuals, or 

perhaps they had little to say on the given EBS question. Even those who opted 

not to enter many comments did use the system to look at what others were 

entering. Thus, from the available log files, there is support for the assertion that 

the EBS tool is effective at involving the participants in the process. 

6.1.1.2 Participant Questionnaires 

Both pre- and post-session questionnaires asked the GDSS session 

participants to respond to questions which pertained to process effectiveness. On 

the pre-session questionnaire, participants were asked whether or not they had used 

the automated system before. Those who had previously used the automated 

system consistently had a higher mean score on questions of process effectiveness 

than did those who had not previously used the system, (see Figure 8). Those who 

had used the system previously rated computers more effective as a group planning 
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Pre-session X of responses 
Questionnaire 
Responses Used ineffective effective 

GOSS <----- -----> 
Question Before n 1 2 3 4 5 Mean Var 

!low effective do you believe N 326 2.5 3.7 31.9 42.0 19.9 3.733 0.815 
computers to be as group 
planning aids? Y 79 1.3 1.3 15.2 44.3 38.0 4.165 0.669 

How effective do you believe N 357 2.0 3.6 23.8 46.2 24.4 3.874 0.788 
the computer aided process 
is for helping you to Y 79 0.0 2.5 6.3 53.2 38.01 4.266 0.474 1 
generate ideas as a group? i I 
How effective do you believe N 3561 2.2 3.7 26.7 43.3 24.2j 3.834 0.829 1 
the computer aided process J J 
is for helping you to ident- Y 79 0.0 1.3 11.4 48.1 39.2i 4.253 0.493/ 
ify key issues as a group? 

; 

How effective do you believe N 354 2.0 5.4 37.6 37.9 17.2j 3.630 0.804 1 
the computer aided process i i 
is for helping you to Y 79 0.0 3.8 13.9 54.4 27.8! 4.063 0.566/ 
achieve you planning goals 1 1 
as a group? I 
How important is the role of N 349 1.1 6.0 24.1 34.7 34.1 3.946 0.923 
the facilitator to the 

37.3j 3.960 process of group planning? Y 75 1.3 6.7 24.0 30.7 0.998 
i 

Figure 8 Pre-session questionnaire responses 

aid (increase in the mean of .432, p < .0001), more effective at helping the group 

to generate ideas (increase in the mean of .392, p <.0001), and more effective at 

identifying key ideas (increase in the mean of .419, p < .0001). These responses, 

which were elicited at the beginning of GnSS sessions, indicate a significant and 

consistent increase in belief in the effectiveness of the GnSS process for those who 

had used the system before over those who had not. A possible inference from this 

is that use of the GnSS increases participants' belief in its process effectiveness. 
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It is also possible that at least a part of the difference between the responses 

of those who had used the system before versus those who had not was the result 

of self selection by those who used the system more than once. It may be that 

those who preferred the system were more like]y to use it again. However, while 

it is possible that this process had some effect on the outcome of the responses, it 

is believed that this is not likely to be the major reason for the differences shown 

because the choice of whether or not to use the automated system was not made 

by individual participants, but by the initiator of the group session. The group 

initiator made the decision of whom to include in the group work session and 

whether or not to use the automated system. The selected participants were then 

instructed by the group initiator to take part in the group work session. Therefore, 

it is believed that the most like]y reason for the differences in the responses 

between those who had used the system before versus those who had not, was due 

to the effects of using the system. 

No significant difference was found between those who had used the GnSS 

previously versus those who had not used it on the question of the importance of 

the facilitator to the process of group planning. Both groups agreed that the 

facilitator is important, with 68.77% of those who had used the GDSS, and 68.00% 

of those who had not used it, indicating the facilitator's importance to the process. 
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This result suggests that introducing a GDSS does not lessen the value of a 

facilitator for undertaking group work. 

At the completion of the GDSS sessions, all participants were asked to 

complete a post-session questionnaire. Because of company restrictions on the use 

of identifying data it was not possible to relate an individual post-session 

questionnaire with an individual pre-session questionnaire. Also, because of changes 

made to allow the post-session questionnaire to be put on the users' computer 

screens, the style of the questions was changed from semantic differential to level 

of agreement with statements. Thus, direct comparisons cannot be made between 

pre-session and post-session questionnaires. Still, the responses to the post-session 

questionnaire gives indications of user beliefs about the effectiveness of the GDSS 

(Figure 9). 

When asked to rate the automated versus the manual process, 79.7% of the 

respondents indicated that they believed the computer-aided process is better. On 

the questions of whether or not the computer-aided process aids them in generating 

ideas and identifying key issues, 84.2% and 80.6%, respectively, said that it does; 
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Post-session 
Questiomaire 
Responses 

Statement 

The computer-uided process 
is better than the manual 
process. 

The computer-aided process 
helps the group generate 
ideas. 

The computer-aided process 
helps the group identify 
key ideas. 

The computer-aided process 
helps the group achieve its 
goals. 

The group's problem-solving 
process was fair. 

X of responses <n=fair 
strongly strongly 
disagree agree 
<----- -----> 

2 3 4 5 Mean 

6.2 3.6 10.4 26.9 52.8 4.143 

5.4 3.6 6.7 24.0 60.2 4.265 

5.4 5.2 8.8 31.0 49.6 4.143 

5.2 5.4 25.4 29.3 34.7 3.788 

I 
6.2 2.6 13.8 36.1 41.3 4.018 

Figure 9 Post-session questionnaire responses 
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The end of the session itself does not mark the end of the group process 

which has been undertaken, and the group initiator is the one responsible for setting 

group goals, not the participants themselves. Yet, the participants reported a belief 

at the end of their sessions that the GnSS helped their group to achieve its goals 

and that belief was expressed more strongly at later GnSS sessions on pre-session 

questionnaires. On the post-session questionnaire, 64.0% of the participants 

indicated that the GDSS helped their group to achieve its goals, while 25.4% were 

neutral and 10.6% did not think that it did. On pre-session questionnaires, for 

those who had used the system before, 82.2% believed that the GDSS helped them 
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to achieve their goals, while 13.9% were neutral and only 3.8% believed that it did 

not. 

6.1.1.3 Follow-up Interviews 

The follow-up interviews asked fourteen initiators of sixteen of the groups 

a number of open-ended questions, a number of which were related to the issue 

of system effectiveness. The people interviewed were both responsible for their 

respective groups' results as well as being participants in their sessions. 

Twelve of the 14 indicated that they had participated in over 100 manual 

work groups at their company. The other two interviewees did not indicate their 

level of manual group experience. Because of the newness of the automated 

system, of course, they had more limited experience with automated work groups. 

The automated group sessions that they were responsible for initiating had taken 

place from three weeks to 7 months previously. While most of the groups which 

used the automated process were new groups without history, 3 of the groups had 

been previously established. The most direct question about system effectiveness 

and the responses of the interviewees follow: 

Question: How would you rate the effectiveness of the automated process? Please 
explain. 



Responses: 

It's fantastic. I was extremely impressed. Using it the first time as 
a participant, I was nervous at the start, but I was very impressed. 
Afterwards, I went back to my manager and set up 2 sessions of my 
own. 

It was helpful to have participated in previous sessions. 

It was very effective. Some of the reasons for this assessment are the 
ability to get all participants together, to capture their thoughts 
anonymously, the ability to use data for action, and the ability to step 
strong managers through the process without personalities getting in 
the way. 

I was very impressed. I thought it was excellent. 

It was very good. Using the system, we made suggestions for 
improvements in our subject area. 

The process was very effective 

It is very effective for dynamic problem solving, for generating ideas 
and for working with group dynamics. 

We don't have another vehicle which could do what we did for the 
way we used the system. The brainstorming capability and the 
anonymity feature were particularly important. 

It was extremely effective in generating a large amount of specific 
information in a short period of time. 

It was really effective. It was better than a manual meeting. 

The quality was very high. 

It is a very good program. However, while it is good at collecting, I 
would like to see some analytic capability built into it. 
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The openness was very good. Focusing was a bit of a problem in 
that comments seemed to wander a bit. 

6.1.2 Outcome Effectiveness 
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Outcome effectiveness is used here as the ability of the aDSS to aid the 

group in achieving the outcome that the group initiator desired for the group. In 

the following sections, the findings of outcome effectiveness will be presented. 

Outcome effectiveness will be measured through the use of participant 

questionnaires and follow-up interviews. 

6.1.2.1 Participant Questionnaires 

In the pre-session questionnaire, participants were asked how effective the 

automated system is for helping them to achieve their goals as a group. While 

55.1 % of those who had never used the system felt that it was effective in helping 

them to achieve their goal, 82.2% of those who had used the system believed this 

to be the case (Figure 8). The increase in the mean response of .433 is significant 

(p < .001). Thus, it appears that using the system leads participants to increase 

their assessment of its outcome effectiveness. 
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6.1.2.2 Follow-up Interviews 

Responses on the follow-up interviews indicated that when looking back on 

the automated process from a period of from 3 weeks to 7 months, it was seen as 

effective in helping the group achieve its goals. Several questions focused on the 

outcomes of using the automated system in terms of what the group did with the 

work done in the automated sessions and what happened with the data which was 

captured as a part of using the system. Fo]]owing are the questions and their 

responses: 

Question: What has happened as a result of the automated session(s)? (In general 
terms, without discussing data.) 

All sessions have led to fo]]ow-up meetings. We definitely have used 
the data that was generated. 

Participants have come back to the leader to stay involved. 

Follow-up did not happen. The leader used the data for further 
planning. 

I expected to design a class. In the process of using the automated 
system, I discovered that it wasn't necessary. 

We made definitions and developed a knowledge base. 

We made our presentation two days after the automated session. 

Our department and two others put our ideas together and established 
a mission. We have since implemented that mission. 

It resulted in moving to the next phase of the project. 



I have served twice as initiator for the automated system. In both 
cases, work is still in progress. The teams are working on the results. 
The process got the ball rolling. 

The session was input to many different plans. The plans were then 
developed. 

While it was not possible to solve overnight the problems that brought 
tl,e group together. it gave a new approach, thus making progress. 

A yield plan was developed and introduced. 

We got enough information to make a decision. 

Action plans were created. 
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Question: What has been done with the data that were generated during the 
session(s )? 

It was fed back to the participants for further work in all cases. It 
was kept as a book and select people worked with it to provide 
feedback to the group. 

Data were used to develop follow-up to the session. Data were given 
to all participants. There were two groups, managers and line 
employees. Data from each of their sessions will be exchanged 
between groups. 

It was not distributed. The leader used it for planning purposes. 

The data formed the basis of the group's decision, but it did not go 
directly into a report. 

The data became the knowledge base for the session. 

The data were used in the group's presentation. 

The data were used to help interpret the group's mission statement. 



The data fed into the project management workshop. 

The data were presented to management. The rank-order charts and 
histograms were used in later meetings. The raw data were given to 
management for their review. 

The data were moved into'various plans. It was good to have the 
data in hardcopy. 

The data were distributed to all team members. It became the basis 
for further discussion. 

The data were brought into the plan. 

The data were given to the participants. Although they were not 
used in the report, they provided the basis for the group's decision. 

The data were distributed to all members of the department. Open 
ilems were displayed at all bi-monthly meetings until closed. 
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Question: How would you compare the automated process with similar manual 
processes. 

The manual process takes approximately 3 to 4 times longer. 

Without this (automated) system, this group could not have run this 
session. Data collection and structure of meetings are far superior 
in the automated system. 

The automated process is quicker. 

The automated system is much faster than manual systems in which 
the group meets weekly for months. 

We could not have done the process we did manually within a similar 
time frame. 



On the plus side is the volume of data generated. On the minus 
side, the process does not go in depth enough, doesn't get specific 
regarding the topics under consideration. 

The automated system is better than the manual system. The manual 
process just doesn't get out the comments. 

The automated process is much quicker and is more rational. 

6.2 Efficiency 
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Whereas the first measure, effectiveness, is related to whether the system 

performed its job, efficiency is related to how much it cost the organization to use 

the system compared to alternative methods. 

The efficiency of the system as used in this study is an indication of the 

relative costs and benefits to the organization compared to doing the same thing 

manually. Since this is a field study, it was not possible to run parallel processes 

to measure efficiency directly. Instead, participants were asked, first in post-session 

questionnaires and later in follow-up interviews to give measures of system 

efficiency. 
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6.2.1 Participant Questionnaires 

The post-session questionnaire asked the participants to assess the efficiency 

of the system immediately after they had finished using it. In the post-session 

questionnaire 71.6% of the participants regarded the automated process to be 

efficient, 9.8% regarded the session as not efficient and 18.6% were neutral, 

(Figure 10). Therefore, the short term belief about the system, as determined by 

the users supports Proposition 2, that the system is efficient. 

Post-session 
Questionnaire 
Responses 

Statement 

The group's problem solving 
process was efficient. 

% of responses (n=387) 
strongly strongly 
disagree agree 
<----- ___ eo> 

2 3 4 5 Mean 

4.8 5.0 18.6 34.2 37.4 3.946 

Figure 10 Post-session questionnaire responses 

6.2.2 Follow-up Interviews 

The follow-up interview with group leaders was specifically aimed at getting 

more direct measures of outcome efficiency. The group leaders were asked to 

indicate the actual elapsed time and planning hours for their sessions and to 

estimate the parameters had the sessions been run manually. Figure 11 shows a 

summary of the data from these questions: 
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Group-initiator Assessment of sessions 

Sess_ Automated Session Manual Session 
NLITl. Actual Estimated 

Elapsed NLI!lber of Elapsed NLI!lber of 
Time Plan. hrs. Time Plan. hrs. ----_.- ---------- ------- ----------

1 4 mos 4 8 1/2 mos hundreds 
2 2 mos 4 6 mos hundreds 
3 1 wlc 8 never many 
4 1 wlc 5 9 mos 20-30 
5 3 wlc 5 2 mos 58 
6 1 wlc 3 2 mos 40 
7 1 wlc 5 4 1/2 wlcs 6 
8 3 wlcs 9 6 mos 50+ 
9 6 wlcs 17 6 wlcs 32-48 

10 1 wlc 18 1 wk 32-40 
11 1 wlc 17 ,. lik - 32-40 
12 4 wlc 9 2-3 mos 48 
13 3 wlc 4 months many 
14 1 month 18 1 wlc 64 
15 1 wlc 5 2 wlcs 10 
16 2 wlcs 7 3 mos 14 

Figure 11 Group time comparisons 

From the data in the table, it can be seen that in all cases except one, the 

group initiators indicated that the automated session had reduced their estimated 

time to perform the same job manually. In session number 14, the actual time was 

1 month elapsed versus 1 week estimated to do the same thing manually. The 

reason given by the group initiator for this difference was the length of time he had 

to wait before he could get his group scheduled into the decision room. 
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6.3 User Acceptance 

User acceptance is an important goal of a successful GnSS because research 

has shown [Gibson and Ludl, 1988] that if users do not accept it, they will not use 

it, and if they don't use it, it can't provide effective and efficient support no matter 

how good it may be. This is suggested by the anss research model, (Chapter 4, 

Figure 3), in which the feedback loop from group outcomes affects the 

organizational decision making environment. Within the decision making 

environment the user satisfaction element of the group outcome is likely to affect 

the groups acceptance of the technology. 

Post-session 
Questionnaire 
Responses 

Statements 

I am satisfied with the 
computer-aided process. 

The group's problem solving 
process was satisfying. 

X of responses (n=387) 
strongly strongly 
disagree agree 
<----- -----> 

2 3 4 5 Mean 

5.7 3.6 12.1 31.2 47.4 4.109 

5.3 3.7 15.8 34.1 41.2 4.023 

III 

Figure 12 Post-session questionnaire responses 

Therefore, user satisfaction appears to be important because it affects user 

acceptance of the system. User satisfaction is bound to affect user acceptance and 

user acceptance is a necessary condition for a successful implementation. For this 
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study, data were collected which would indicate both user satisfaction and user 

acceptance. The results from that data are discussed in the following sections. 

6.3.1 Participant Questionnaires 

User satisfaction was rated in a number of ways. First, the post-session 

questionnaire provided self reports of user satisfaction. Two questions were 
• 

specifica]]y directed at this area of interest. The questions and their results, 

(Figure 12), show that 78.6% of the participants indicated that they were satisfied 

with the computer-aided process, and 76.3% indicated that their group's problem 

solving process as satisfying. 

6.3.2 Follow-up Interviews 

Interviews with fourteen (14) users of the automated system were conducted 

to obtain a broader range of personal impressions. Following are the responses to 

the questions pertaining to user satisfaction. The first question below was the 

opening question of the follow-up interview. Thus, it was intended to elicit initial 

responses from those interviewed, with as little influence as possible from other 

questions in the interview. 

Question: Looking back on the automated group work session(s), what stands out 
most in your mind? 



Responses: 

A lot of ideas were generated. A lot was accomplished in a short 
period of time. It provided a very organized way to do things. 

The end result always seems to be a shock. This is not a pejorative 
statement. What are surprising are the conclusions, not the rationale. 
The reason for this is that people were more honest during the 
session because of the anonymity. 

The synergism of the group. The ability to record data. And the 
preciseness of the process procedures. 

The speed of the process and the freedom of speech. 

The speed of the process. The way that ideas got flowing and how 
those ideas triggered other ideas. 

The amount of information that was generated in such a short period 
of time. I found EBS to be the most useful. 

The amount of ideas generated by all members of the group. 
Anonymity led to many ideas. We went to the action stage of our 
process in a matter of hours. 

The way that the room knocked down barriers. It is a good vehicle 
for communicating, and good for brainstorming. As a result, the 
decision room assisted in developing a rational outcome. 

The volume of information generated in the short amount of time. 

How productive it was after it got going. 

Its advantages are that it makes people freer to give ideas and discuss 
them openly. The participants were less apprehensive than in manual 
meetings. 

The best thing for me about the automated session was the way that 
it allowed people from many areas to mesh a plan. 
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It tends to bring out th~ngs that people might not say. 

The openness of the process and its lack of intimidation. This was 
because of the anonymity of the process. 
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Question: What do you consider to be advantages of using the automated system? 

Anonymity - It surfaces more ideas than non-anonymous systems. 
Participants don't need to take notes, because they will get a copy of 
all the data from the session. Being able to prioritize issues in 
different ways is a valuable addition to the process. 

Time saving is absolutely the biggest advantage of the system. The 
confidence in the inputs is twice as high with the automated system. 
The comments increased in intensity as the situation went on. It was 
a good learning experience for the employees. 

I see four main advantages to the automated system. These are 1) 
the structuring that the system imposes on the process, 2) the 
anonymity which allows so much open participation, 3) the way that 
personalities are taken out of the process so that the process becomes 
more rational and 4) the amount of data which is automatically 
captured. 

I would list 4 items: 1) conciseness, 2) the speed of the process, 3) 
having the data captured and made available as you leave the room, 
and 4) I leave feeling that all of the participants have said what they 
want to say. 

The quickness of the system is a real advantage. Also the anonymity 
of the input allows participants to change positions on an issue 
without embarrassment. Finally, the statistics on the voting module 
are very good. 

The anonymity feature is an advantage. Also, the quickness of getting 
the data that the system has collected is a real advantage. 



The anonymity feature has led to greater participation than I've seen 
before in similar manual meetings. 

It gets rid of the emotions in the meeting environment. 

The documentation of the session is very useful. This allows 
immediate access to the data. It is also an advantage to be able to 
bring data from outside the session. In one session, we brought in 
the data from two other meetings and this moved the meeting right 
along. 

Getting the hardcopy of the session is an advantage. Also, because 
of the anonymity, the session is less judgmental 

I am less apprehensive about commenting when using the decision 
room. It is an advantage to have all input captured. I like the quick 
response of the system. 

The system brings out more honest ideas without the emotional 
content. It removes the' emotional side of the process. 

The role of the facilitator is important to the process and an 
advantage. The speed and accuracy of the system is an advantage. 
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Question: What do you consider to be disadvantages of using the automated 
system? 

I don't see many disadvantages. I guess for people who are afraid 
of keyboards, it would be a difficult system. I know of one person 
who expressed anxiety about this. 

It is difficult to schedule managers so that they can all be there at the 
same time. Linked to this is a problem with the availability of the 
room. It is booked into the future, so sessions must be scheduled in 
advance. 

The generic problem of problem solving including the participants 
commitment to the outcome. Participants tend to come in more 



charged than they might to a manual session. Demonstration aspects 
of the process may have overshadowed other goals. Also, there needs 
to be a tight tie to the leader-owner of the group. 

The sessions I have been in have been 4 hour sessions. This is very 
time consuming in terms of a single day, compared to a 1 hour 
manual meeting. The facilitators' explanation of the system becomes 
repetitious after a few sessions. 

In one session, we got our same files back in EBS. The lack of a 
search and sort in the issue analysis tool is a disadvantage. 

I can't think of any disadvantages of the automated system. 

The lack of an agreement to follow up and put the system in place. 
The action plan needed other organizational involvement. That hasn't 
been pursued yet. Getting the right representatives into the room is 
crucial. More stations would have helped. We could have used 20 
stations. 

It seems to be less useful where one idea is being explored than were 
many ideas are being considered. 

The system needs some features: 1) search and sort in Issue Analysis, 
and 2) some way to help the participants to get into more depth on 
issues. 

Initially, it is hard to get some people started. The second day of our 
group started much smoother. Also, ten workstations isn't always 
enough. There should be at least another 5 stations. 

Lack of typing ability can put one at a disadvantage. Also, those who 
are concerned about their spelling may be uncomfortable with the 
system. 

Some answers to the questions are too general. It can be hard to get 
the specifics using the automated system. 

The off-the-wall comments are a disadvantage. This may be because 
of the anonymity. 
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6.3.3 System Utilization 

User acceptance can be inferred from measures of user satisfaction. It can 

also be measured in other ways. One of the strongest measures for user acceptance 

is the utilization rate of the system. If, after nine months of use of the system CIt 

the organization's site, the utilization of the room was high, it would support the 

proposition that the system is meeting with user acceptance by the employees. On 

the other hand, lack of use of the room could well indicate problems with user 

acceptance. 

Since the beginning of use of the system in October, 1987, the room has 

been fully utilized with a waiting list at most times, according to the records of the 

on-site facilitator. At the e~d of nine months of use, there was a three week 

waiting list for use of the room. In fact, the inability to get into the room as soon 

as desired has been mentioned by some users as a problem with using the system. 

Thus, measures of system utilization support the conclusion that user acceptance 

of the system has been high. 
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The room has been used by many levels of the organization, from top site 

management to line employees. In addition to single level groups, some of the 

groups which have used the room have been vertically integrated, with group 

members from more than one functional level. The anonymity feature of idea 

generation has been found to be especially important for these groups. The lack 

of intimidation during idea generation was mentioned by many users of the system 

as being one of its major advantages. 

6.3.4 Organizational acceptance 

When this study began, the participating company agreed to install the GDSS 

system in one of its manufacturing plants and to assess its use for one year. At 

that time, while there was an intention to create a GDSS capability within that site, 

there was no agreement to increase its use within the organization. However, 

based on the results of the use of the system in the initial site, the organization has 

since installed the system at six other sites. 

This response fits within the GDSS research model (Chapter 4 Figure 3) in 

which group outcomes affect organizational outcomes which affect the 

organizational structure which affects the organizational decision making 

environment. Thus, while not intended within the original scope of this study, the 
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feedback loop from organizational outcomes to organizational structure has resulted 

in changes in the larger organizational and decision making environments. 

6.4 User Recommendations for System Improvements 

The research model (Chapter 4, Figure 3) suggests a feedback loop from 

the group outcomes to the organization's decision making environment, which 

contains the technology used for the GDSS. This element of the model was 

institutionalized in the form of soliciting ongoing feedback from system facilitators 

on ways to improve the GDSS. Therefore, many recommendations for system 

improvements were received and implemented during the course of the study. 

Usually, the recommendations came from the facilitators of the system at the site, 

based on their experience with, and observations of, the groups they facilitated. At 

the same time, many improvements were being made to the system independent 

of the recommendations from the field site. On a number of occasions, these paths 

crossed, so that a recommended improvement would already be implemented by 

the time the recommendation was received. 

The channel for recommendations for improvement was separate from the 

follow-up interviews which were conducted to gather data for this study. In the 

follow-up interviews, each of the interviewed participants was asked for 
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recommendations for improving the PLEXSYS collaborative group work system. 

Their reaponses follow: 

QUESTION: What changes would you like to see made in the automated system? 
Why? 

I would like to see Issue Consolidation automated. A key word 
search during Issue Analysis would be very helpful. When using the 
VOTE tool, I would like to have a warning when using escape to not 
cast a vote. 

We may need more time between EBS and lA. It would have been 
helpful to let the EBS session go on a bit longer. 

I would like to see Issue Analysis made easier to use. It is clumsy. 
Also, I didn't like that in EBS I sometimes did not see all the files 
that were in the system. It would be very helpful to be able to link 
comments to comments. 

I would like to see the system on line as well as in the decision room 
environment. 

The initial time spent describing the system becomes boring after 
using it a few times. I would like to see that shortened for groups 
which have experienced members. 

I can't think of any recommendations for changes right now. Four 
hours is a long time to sit in the room. I would like to see it broken 
up into smaller sessions. 

I would like to see the system handle more participants. Often, ten 
people are not enough to do what needs to be done. I would also 
like to have the underlying comments made available during the 
ranking process. 

It depends on what you want to do. In my case, I would like to be 
able to identify comments by some type of reference number. 



I would like to see some analytic capabilities built into the system. 
The time that it takes to go through the system seems too long. The 
EBS file distribution seems random. I think it should be able to send 
files to specific places. 
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The ideas suggested above have proved valuable. Many of the 

recommendations have been implemented, and others are under consideration. 

Some of the recommendations which have already been implemented include a key 

word search capability for the IA program, the ability for participants to see 

underlying comments during the VOTE program and the addition of reference 

numbers to the EBS comments. 
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CHAPTER 7 

7.0 DISCUSSION 

This study assessed the implementation of a GDSS in an operational 

environment to determine the success of the GDSS in that implementation. To do 

that it gathered evidence to support or refute the following three propositions: 

Proposition 1: 

The GDSS implemented in the operational site will be 
effective in achieving the groups' goals. 

Proposition 2: 

The GDSS implemented in the operational site will be 
efficient. 

Proposition 3: 

The GDSS implemented in the operational site will 
meet with user acceptance. 

For each of these propositions, data were collected from a number of 

different sources, addressing each of the propositions from multiple sources of 

evidence. This chapter will present a discussion of the success of the G DSS 
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implementation in the organizational setting in light of the evidence gathered to 

support or refute these propositions. 

It will also discuss what was learned about ways to further improve the 

GnSS based on observation of the system and data collected during the study. 

This will be followed by a review of the research method, including the strengths 

and limitations of the study and suggestions for future research. 

7.1 Success of the Implementation 

The criteria used in this dissertation to determine the success of the 

implementation were effectiveness of the system, efficiency of the system and the 

user acceptance of the system. Each of these criteria were examined from multiple 

sources of evidence, to provide cross-checks on the results of anyone indicator. 

Measurements of the effectiveness, efficiency and user acceptance from these 

different sources have all indicated a successful implementation. In addition, the 

fact that the organization has elected to establish six new GnSS facilities at 6 other 

sites within the company is a strong statement of organizational belief in the value 

of this system. In the following sections, each of the individual criteria will be 

discussed. 



158 

7.1.1 Effectiveness 

The study looked at two types of effectiveness, each of which was measured 

In several ways. The two types of effectiveness are process effectiveness and 

outcome effectiveness. These can be thought of as internal and external 

effectiveness. Internally, the aim of group work is to get the group to work 

together well; participants should all participate and the system used should 

enhance idea generation, consideration, and selection. Externally, the aim of group 

work is to produce a desired outcome. This will vary from group to group, but 

may include such products as a prioritized list of options, the elements of a plan. 

and a consensus among the participants about selected issues. The data supported 

both types of effectiveness. 

Process effectiveness was measured in three ways. The most direct method 

was the examination of the log files. Although files were only available from three 

sessions, and therefore any conclusions from them must be tentative in nature, they 

do show similar patterns of participation. The files indicate that, in each of the 

sessions, all participants entered comments during the use of EBS, with each group 

member entering at least three ideas. In addition, all group members viewed more 
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files than the ones into which they placed their comments, indicating that they all 

were exposed to the comments of others. 

The participant questionnaires provided the second measure of process 

effectiveness. The post-session questionnaires can be seen as a measure of the 

short term effect of using the system. Immediately after using the system, 79.9% 

of the participants indicated that they believed that the automated group system is 

better than the manual one. In addition, 84.2%, 80.6% and 64.0% respectively 

indicated that they believed that the computer-aided system aids them in generating 

ideas, identifying key issues, and achieving their goals. This provides strong 

support for the participants' short term belief in the GDSS process effectiveness. 

A measure of the longer term views of the participants can be obtained 

from the pre-session questionnaires. Because the pre-session questionnaires asked 

the participants to indicate whether they had previously used the automated system 

or not, it was possible to differentiate those with experience using the system from 

those without it. Those who had experience with the system consistently expressed 

a higher mean belief in the ability of computers to act as planning aids, to help the 

group generate ideas, to identify key issues and to help achieve group planning 

goals. They did not show any significant differences on the question of the 
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importance of the facilitator to group planning. Those with and without aDSS 

experience agreed that the role of facilitator is important. 

All of those who indicated that they had used the system before were also 

represented in the answers of those who had not used the system before, since 

they would have been naive users at a previous session. Further, the only known 

distinguishing difference between those who had used the system before and those 

who had not was just that fact. Therefore, the change in responses to the pre

session questionnaire based on experience can be seen as a measure of changes 

which are brought about by use of the automated system. Thus, the use of the 

system appears to create in the minds of the users a belief in its process 

effectiveness. 

The third measure of process effectiveness was evaluated based on the 

follow-up interviews of fourteen group initiators, who had been responsible for 16 

of the group sessions. When they were asked how they would rate the effectiveness 

of the group sessions, they uniformly expressed positive attitudes about it. 

Comments included such statements as, "It's fantastic" and "It was very effective". 

One of the fourteen mentioned the concern that while the openness was very good, 

the comments seemed to wander a bit. Another mentioned that he would like to 
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see analytic capabilities built into the system. Overall, however, the clear 

impression from the interviews is one of being pleased with the supported process. 

Thus, from three different evidence sources, there appears to be support for 

the proposition that the GDSS is effective at supporting the group work process. 

The rest of this section will consider the other half of the proposition, that the 

system is effective at supporting the desired group work outcome. 

Outcome effectiveness is the other major area of interest in system 

effectiveness. As indicated in the above discussion, the GDSS was demonstrated 

to support the group's process. The other important question is the ability of the 

system to aid the group in achieving the desired outcome. This was measured by 

two different measures: assessment by the participants through the questionnaires 

and assessment of the outcome by the group initiators. 

In the pre-session questionnaire, participants were asked how effective the 

automated system is for helping them to achieve their goals as a group. While 

55.1 % of those who had never used the system felt that it was effective in helping 

them to achieve their goal, 82.2% of those who had used the system believed this 

to be the case. The increase in the mean response of .433 is significant (p < .001). 
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In the post-session questionnaires, 64.0% of the participants believed that the 

GDSS helped the group to achieve its goals. As with process effectiveness, the 

use of the pre and post questionnaires provides a way to measure both short term 

and long term reactions to use of the system. Both the pre and post questionnaires 

indicated that the participants believe the system is effective at helping them to 

achieve their goals. Thus, both short and long term reactions by the system users 

supports their beliefs in the outcome effectiveness of the system. 

In much of the laboratory research on GDSS, the desired group outcome is 

decided by the experimenters. In the implementation of the. GDSS at the 

participating company, a group's goals were established by an individual that they 

referred to as the group initiator. This person was responsible for the decision to 

use the automated system and for the selection of the group's goals. He or she 

would attend a pre-session meeting with a system facilitator to discuss the group 

initiator's needs and the system's ability to assist in meeting those needs. At that 

time, the general plan for the meeting would be determined, including the tools to 

be used, in what order, and for what purpose. The usual way that this would be 

done would be to clearly identify the outcome that the group initiator had in mind, 

then work back from there through the process to the beginning. Then, the tools 

would be mapped to the process to complete the pre-planning session. 
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After the sessions, follow-up interviews asked the group initiators about their 

assessment of the automated process. Questions about what happened as a result 

of the session, what happened with the data and how the automated session 

compared with a manual process all indicated that the GnSS provided valuable 

support for achieving the groups goals. A quicker process was mentioned by 

several interviewees as a major contribution. An interesting and somewhat 

unexpected response was that the GnSS made possible a meeting which could not 

have been run without it. This particular meeting concerned some group personnel 

issues, which it had not been possible to remedy in previous manual sessions. The 

rational nature of the automated se:;sion made it possible to bring sensitive issues 

to the fore and begin to find acceptable solutions to the problems involved. 

Based on the data obtained from the various sources of evidence, there 

appears to be support for Proposition 1, that the GnSS is effective in helping the 

group to achieve its goals. This conclusion also provides support for Huber's 

hypothesis number 5 (page ?), which asserts that: "Use of computer-assisted 

decision and communication support technologies results in more effective decision

related meetings." 
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7.1.2 Efficiency 

Efficiency is a variable which can be hard to measure. For this study, there 

were really two sources of evidence. The first was the participants immediate post

session reaction to a question about the system's efficiency. The second was a 

comparison of the actual elapsed time and meeting hours of the automated system 

with an estimation of the same if the process had been done manually. This 

provided a short term reaction to the question and a longer term, more thoughtful 

comparison. Both the short term impressions by the users and longer term 

assessments by the group initiators support Proposition 2, that the system is 

efficient. The results of the post-session questionnaire indicate that 71.6% of the 

participants found the system to be efficient. 

Since this questionnaire was administered immediately after the completion 

of the session, it is likely that the user assessments would be based on their beliefs 

about how much had been accomplished in the allotted time, rather than on a 

calculation of the manual versus GDSS supported time and effort necessary. A 

measure which was more directly aimed at the difference between doing the 

process manually versus a computer-aided system was that obtained from the group 

initiators during the follow-up interviews. 
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In this company, managers are individually judged partially on their ability 

to work with groups to get tasks done quickly and correctly. Thus, all the 

participating group initiators had experience assessing the effectiveness and 

efficiency of meetings for which they were responsible. In the follow-up interviews 

the group initiators were asked to report the amount of elapsed time and planning 

hours necessary for the group to achieve its goals and to e.f.timate the elapsed time 

and planning hours necessary to get the group's job done if it had been done 

manually. They reported an estimated reduction in group work hours of 84% and 

a reduction of elapsed time to completion of the project of 67%. 

In all cases, the estimated number of planning hours for doing the job 

manually were greater than the actual hours for the automated system. The 

estimated elapsed time was similarly greater for the manual process for all but one 

of the 16 cases. In that one, the group initiator estimated that because he had to 

wait a month to get into the GDSS facility, he could have completed the process 

manually quicker. Therefore, the evidence available for the assessment of 

Proposition 2, that the GDSS is efficient, supports the proposition. 

These findings regarding efficiency contradict what might have been 

predicted based on the experimental evidence of the efficiency of using GDSS. 
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From observation of the use of the system in the operational site, a number of 

factors appear to be responsible for this difference. First the types of problems 

which groups tend to undertake in the operational setting are quite different in 

kind from the intellective tasks that have often been used in experimental 

situations. The tasks that the operational groups undertook tended to be large, 

open-ended, and required input from a number of participants with varying 

administrative and technical responsibilities and views of the task. The innate 

complexity of such tasks was such that the option of undertaking the process in a 

manual setting did not offer the increased efficiency which appears to accrue to 

smaller groups doing intellective tasks. 

The size of the groups also appears to have been a factor in the finding that 

the GDSS was more efficient than the manual process. The mean group size for 

the use of the system was 7.7. Most experiments on GDSS have been carried Ollt 

on groups of size three or four. The one reported experimental study which did 

use larger groups, (six members per group), also reported higher efficiency for the 

manual groups. However, this result could have been at least partially a result of 

the intellective nature of the task and the fact that, as with most experimental 

tasks, the subjects did not have a strong vested interest in it. 
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A further explanation for the reported increased efficiency for the GnSS is 

likely to be the parallelism of the GDSS which allows simultaneous input of ideas 

by all participants. As groups become larger, this effect will tend to increase the 

relative efficiency of GDSS supported groups over those supported manually. 

These results from this study also provide support for Huber's hypotheses 

4, 9 and 11 (page 48). These hypotheses predicted that the use of. computer

assisted decision making and communication support technologies would: 1) result 

in fewer decision-related meetings, 2) reduce the time required to authorize 

organizational actions, and 3) reduce the time required to make decisions. The 

data from this investigation suggests that the use of the GDSS has reduced the 

number of meetings that would otherwise have been necessary, as indicated by the 

difference between actual GDSS and estimated manual meeting hours. The use of 

the GDSS appears to have allowed organizational actions to be authorized sooner 

and reduced the time required to make decisions as indicated by the difference 

between actual planning elapsed time and estimated manual elapsed time. 

7.1.3 User Acceptance 

Gibson and Ludl [1988] demonstrated that user acceptance of a GDSS 

appears to be crucial to its successful implementation. Based on the Execucom 
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experience, they concluded that the refusal of a group to use an available system 

can be a fatal factor to its success. Simply put, if people don't like it, they won't 

use it. If it doesn't get used, its potential effectiveness and efficiency are moot. 

Evidence for user acceptance was obtained from a three different sources. 

The post-session questionnaires indicated short term satisfaction at the end of 

sessions, with more than three quarters of the participants indicating that they were 

satisfied with the experience of using the GDSS. 

The follow-up interviews supported user satisfaction from a longer term 

perspective. The first follow-up interview question was an open-ended question 

that asked what stood out most in the respondents mind about using the GDSS. 

In every case, the responses were positive and demonstrated user satisfaction with, 

and acceptance of, the system. 

A more concrete measure of user acceptance was the utilization of the 

facility. Reports from the facility staff indicate that there was always a waiting list 

to use the room. At the end of the first..nine months of use of the system, the 

waiting time was three weeks. The facilitators indicated that this was a normal 
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waiting list. Thus, the utilization rate of the facility also supports the user 

acceptance of the system. 

Thus, from three different evidence sources, there is support for the 

proposition that the GDSS met with user acceptance. 

7.2 Suggestions for Improvement of the GDSS 

The feedback loop from the group outcomes to the organization's decision 

making environment was channeled through the GDSS's development team. It 

proved to be a rich source of information for improving the GDSS. During the 

course of the study, many recommendations were made and implemented which 

noticeably improved the functioning of the GDSS. This included such suggestions 

as key-word search capability within the Issue Analysis (IA) program, the ability to 

call up files of comments at various points in the system, a revamped system of 

facilitator menus and others. 

The channel for recommendations for improvement of the technology was 

continuous throughout the project, and was, therefore, separate from the 

suggestions for improvement which were included in the follow-up interviews. This 

provided an ongoing capability for coordinating a feedback flow from the group 
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outcomes to the organizational decision making environment. As the work 

progressed, it was possible to improve the technology within the work group 

environment on a regular basis. 

7.3 Validity of the Model 

Because this was a field study, many of the potentially significant variables 

and their relationships could not be isolated and systematically studied. Thus, it 

was not possible to definitively demonstrate the constructs upon which the support 

for the GDSS Research Model is based. However, it may be possible to examine 

the data to see if the model continues to be plausible and if so, whether alterations 

should be considered. 

The results from the study did support the model in general. In addition, 

some of the results suggested modifications which could be made to the model. 

The inputs of group, task, context and technology, modified by the GDSS process 

did lead to group outcomes. These group outcomes led to organizational outcomes, 

which impacted on organizational structure, which cycled back to affect the 

organizational decision-making environment. One example of this process was that 

the perceived successes of the group outcomes were deemed by the group initiators 

to have benefitted the organization by creating positive organizational outcomes. 
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Figure 13 Modified GnSS research model 

These positive organizational outcomes led to a change in the organizational 

structure by the installation of additional GnSS facilities in at least six additional 

corporate sites. 

The data did suggest one modification which could be made to the model. 

The difference in pre-session questionnaire scores between those who had used the 
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system versus those who had not suggests that the feedback loop from group 

. outcomes to the work group environment may need an additional loop from group 

outcomes to the group directly, rather than just to the environment which includes 

the group (see Figure 13). It appears that the use of the system has direct impact 

on the group members in addition to the more general impact on the work group 

environment. 

7.4 Strengths and Limitations of the Study 

The research method was effective at providing a way to assess the use of 

a GDSS in an operational environment. As such, it was able to maximize the 

realism, or context, of the setting. Although many laboratory experiments had 

suggested that a GDSS would find limited acceptance by groups larger than three 

or four, and that group members would find the use of the system to be 

dissatisfying, the data collected in this field site clearly supports the three 

propositions that drove this study. The system was found to be effective; it was 

found to be efficient; and it was found to be acceptable to its users. 

However, as with all field studies, this study has its limitations. Field studies 

are strong in their ability to observe systems in their natural context, but they do 

so at the cost of precision and of generality, [Runkel and McGrath 1972; McGrath, 
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1982; McGrath, 1984]. As Runkel and McGrath assert, all research confronts the 

researcher with a three horned dilemma. The researcher may try to maximize one 

or two of the following: A) generalizability with respect to populations, B) precision 

in the control of the measurement of the variables of interest, or C) existential 

realism, the context within which the observed behaviors are observed (p. 74). 

However, any effort to maximize one of these, must, of necessity, result in reducing 

one or more of the others. A field study, by choosing to focus on existential realism 

and context is vulnerable to the problems associated with generalizability and 

precision. To the extent that a study is unique to a particular setting, its 

generalizability will be low. To the extent that a study seeks to explore the 

complexities of real world contexts, its precision will be reduced. 

From this perspective, the limitations of this research stem largely from two 

sources, both related to the fact that it is a field study. As shown in the Runkel 

and McGrath model (Figure 4, page 105), the emphasis on realism has necessarily 

resulted in reduced precision and generality. The field study nature of the inquiry 

means that the researcher does not have the precision of control over variables that 

one can achieve in laboratory studies. Uncontrolled variables and their interactions 

may impact on the results in confounding ways and causal relationships will be less 

clear. In addition, the inability to randomize samples and treatments introduces 
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questions of possible confounding variables which may mask valid constructs or 

suggest spurious ones. 

An important limitation to the realism is the caution that the study is unique 

to one GDSS implemented at one setting. It cannot be said on the basis of this 

one study that the results would hold in all organizations using any of the available 

GDSSs. The fact that the study examines one particular implementation of a 

specific GDSS means that the ability to generalize to other GDSSs and other 

populations is limited. Thus, its external validity is limited [Cook and Campbell, 

1979]. For instance, the fact that the host company is a manufacturer of computer 

equipment is one way in which this particular population is different from many 

other possible populations. Because the demographics of the employees were not 

made available, it is unknown if there are unique characteristics of their 

demographics which affect the results. 

For both of these areas of validity, construct and external, replication is the 

recommended method for testing the results and for determining the populations 

to which they apply [Cook and Campbell, 1979]. Replications of this study would 

be necessary with a variety of GDSSs to be able to clearly delineate the necessary 

and sufficient conditions for an operational GDSS. Similarly, the study would need 
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to be replicated in a variety of settings before generalization could be made to 

larger populations of users. 

There are a number of threats to internal validity which are also important 

to this study. These include history, testing, instrumentation, statistical regression, 

selection, mortality, diffusion, and lack of randomization [Cook and Campbell, 

1979]. In addition, novelty and experimenter effect may pose challenges to internal 

validity [Smith and Glass, 1987]. Each of these will be examined for its potential 

impact on the internal validity of the results. 

History as a threat to internal validity refers to events that take place during 

the time of the study which affect the outcome of the study, but which are not 

controlled by the researchers. In laboratory settings, these effects are routinely 

controlled. However, in field research, this is usually not possible. For this study, 

such events might include organizational presentations on the value of automating 

group work or the installation of other GDSS facilities at the study site. To the 

knowledge of the researchers, no such events have taken place, so it is unlikely that 

history is a confounding factor in this study. 
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Testing, as a threat to internal validity, refers to an effect observed when 

subjects repeatedly take a test, as in studies where the same tests are given both 

before and after treatments are administered. Recall of questions and previous 

answers may affect internal validity. In this study, there were two instruments 

which subjects may have filled out more than once. These are the pre-session 

questionnaire and the post-session questionnaire. However, testing, as a threat, is 

most likely to be a problem when tests ask for knowledge or facts. In this case, 

subjects were asked for their opinions and attitudes about the use of the system. 

When subjects were asked to complete either of the questionnaires more than once, 

it was to provide their answers at that point in time. It should not matter what 

they answered before. Therefore, it seems unlikely that testing would unduly affect 

the outcomes of this study. 

Instrumentation is a potential threat to internal validity when the measuring 

instruments are changed from before to after treatment. In fact, the questions 

asked on the pre-session questionnaire differed in detail from the questions asked 

on the post-session questionnaire. However, because of this, direct comparisons 

were not made between the two instruments. Instead, differences between those 

who had used the system previously versus those who had not were assessed though 

the use of the pre-session questionnaire by itself. Because this instrument asked 
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whether the respondent had used the system before, it was possible to separate 

responses into two groups, those who had used the system and those who had not. 

Therefore, instrumentation does not appear to be a threat to the internal validity 

of this study. 

Statistical regression as a threat to validity comes into play when groups have 

been pre-selected into groups based on some pre-test. Since this was not the case 

in this study, statistical regression would not be an issue here. 

Selection as a threat to internal validity refers to differences between groups 

in the study. One reason that this threat might come be important here is because 

the method used to select employees to use the system was not random. Therefore, 

it is quite possible that self-selection took place by those who were receptive to new 
, 

technology or who had a bias toward using such a system. This is probably not be 

a major source of error for the pre-session and post-session questionnaires, however, 

because it was the group initiator who chose whether or not to use the system, not 

the participants themselves. However, it is prudent to be cautious in interpreting 

the responses of the group-initiator follow-up interviews, because it is possible that 

these responses could be affected by selection bias. How the responses might be 

affected is not clear. If the group initiators were pre-disposed to use the system, 
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they might provide responses which are too optimistic. On the other hand, if the 

system did not live up to their expectations, they might be unduly critical during the 

interview. Therefore, the safest interpretation of the follow-up interviews seems to 

be at face value, with caution. 

The selection bias might also intrude because of the likelihood that the 

population of employees of a major electronics company, who are generally quite 

skilled and well educated, would not reflect the general population of potential 

users of GDSSs. It is reasonable to assume that they might be more kindly 

disposed toward such high-tech innovations. To the extent that this is true, it would 

be inappropriate to generalize the findings to other populations. Replications, using 

samples drawn from other populations, would help to answer this question. 

Mortality, the threat to validity which occurs when particular groups of 

people drop out of a study, may have influenced some of the results, most notably 

the responses for the group who used the system more than once. It is possible 

that only those who were very positive about the system used it more than once, 

or that those who were most negative may have refused to use it again. If either 

of these happened, it would definitely affect the difference in the mean ratings 

between those who had used the system versus those who had not. Because of this 
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possibility, multiple sources of evidence were sought for all of the variables of 

interest. The fact that the multiple sources of evidence all agreed seems to indicate 

that even if there were an effect from this threat to validity, it was not such that 

it changed the direction of the responses, though it might have changed the amount 

of difference between them. 

Diffusion is a threat to validity based on the diffusion of information between 

measured groups, so that differences between them are decreased or eliminated. 

It is certainly possible, and perhaps likely, that those who had not yet used the 

GDSS talked about the system with those who had. Whether the impact of this 

would tend to increase or decrease the ratings of those who later used the system 

would depend on the attitudes that were shared. Given that most of the participant 

ratings were positive, it is most likely that any effect from diffusion would tend to 

increase participant ratings of the system. 

If that occurred, then one would expect that the responses of those who had 

not previously used the system would be artificially inflated. In that case the actual 

difference between those who had used the system and those who had not would 

be under reported. It is also possibll.!, however, that diffusion could spread negative 

expectations of the use of the system. While this seems less likely, based on the 
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generally positive responses on the pre-session questionnaire of those who had not 

yet used the GDSS, if it did happen, it would be likely to depress the initial 

assessments of the naive users. 

The novelty effect could be a serious concern to the validity of the results 

of this research. This effect may result when new programs are introduced into an 

operational situation. The enthusiasm and energy which often accompany new 

programs may lead to measured results that are not due solely to the introduction 

of the new way of doing things. While Smith and Glass [1987] consider this to be 

a threat to external validity, because replications at the same site would not 

demonstrate the same effect, this threat is seen here as more a threat to internal 

validity, because the confounding variable of novelty is present and active, and one 

would expect the same results of a replication in which novelty is also present. 

While novelty cannot be completely ruled out as a threat to validity at this 

time, the fact that the system continued to be heavily used throughout the 9 months 

of the study, and the fact that the various measures continued to report positive 

results throughout that time suggests that the effects are not just the result of 

novelty. Further, the fact that the participating company has installed the system 
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at 6 more sites indicates that the organizational process of assessing the value of 

the GnSS has determined it to be of long range usefulness to the company. 

Experimenter effects occur when the expectations of the experimenter lead 

a treatment group to perform differently than a control group [Smith and Glass, 

1987]. The experimenters in this case would be the facilitators of the G DSS 

sessions. However, the role of the facilitator is an integral part of the system, and 

the facilitators were expected by both the researchers and the participating company 

to try to get the best results that they could out of the participating groups. 

Similarly, because this was conducted in an operational environment, the groups 

which worked together manually were also expected by the company to maximize 

their results. Thus, experimenter effects would probably only be important if the 

facilitators had gotten excellent results in spite of the use of the automated system, 

rather than because of it. From the data generated, and from discussions with 

initiators, participants and facilitators, it seems to be clear that there was general 

agreement that the results were because of the system, not in spite of it. 

Finally, a major threat to validity for most field studies, including this one, 

is the lack of randomization. When assessments are being made in a complex 

system, lack of randomization introduces the possibility that some uncontrolled 
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variable will affect the outcome of the study. There is no way to be sure that this 

did not happen in this study. However, for all variables, multiple sources of 

evidence were gathered to provide multiple levels of support for the findings. 

Therefore, to the extent possible, this potential drawback of the study was 

suppressed. 

Aside from the threats to validity and the limitations mentioned above, there 

are problems which may accrue to individual field studies which can be sources of 

frustration. Quite clearly, the researcher's interest in the scientific questions is likely 

to be higher than that of the managers and employees of the company. When 

company policies come between the researcher and desired data, the data is usually 

not forthcoming. An example of this was the desire on the part of the researcher 

to gather demographic data on users of the system and details on the types of tasks 

undertaken with the system. Both of these areas of data collection would have 

been valuable to place in the framework of the research model. In the former 

case, company policies protecting employee privacy forbade the collection of the 

desired data and in the later case, company concern with protection of information 

which could affect its competitive position became an issue. So, while the data 

which were gathered were rich and valuable, there were other data which would 

have been gathered if the setting had allowed it. 
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Nonetheless, this study has provided a unique opportunity to observe and 

report on an operational implementation of a new computer-aided, group support 

technology. This opportunity has resulted in the demonstration that this new 

technology can be effective, efficient and accepted by its users in an organizational 

setting. This study points the way to future studies, to build on what has been 

learned here. Future studies should be designed to help identify the variables and 

environments that can be significant for developing and improving this new 

technology. 

7.5 Suggestions for Future Research 

As is usually the case with a study, more questions were raised than were 

answered during the course of the study. This section will present some of the 

avenues for future research which are suggested by the questions raised. 

One of the strongest suggestions for future research derives from the field 

study nature of the research. Cook and Campbell [1972] recommend replication 

as the preferred method to increase the construct and external validity of a field 

study. The results of this study supported the propositions that the implementation 

of the aDSS in the field site would be found to be effective, that it would be found 
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to be efficient, and that it would be found to meet with user acceptance. However, 

important questions were raised as a result of these findings. How accurate is our 

understanding of the constructs involved? How general are these findings? 

Replications of the study may provide the answers. By exploring the use of this, 

or similar, GnSSs by other populations and the use of other GnSS by this or 

similar populations, it may be possible to better interpret the current findings. 

By examining similar installations in other settings, researchers will be able 

to address the issue of generalizability, one of McGrath's research dilemmas not 

addressed here. By doing more controlled studies, it will be possible to address 

McGrath's other unmet dilemma, that of precision. Future research should strive 

to identify and understand the variables which can impact the successful use of this 

technology. 

While the results of the study did not appear to contradict the research 

model that was proposed for GDSS studies, it did little to examine it in detail and 

confirm or deny particular parts of the model. Therefore, further research into the 

significant parts of the model and their relationship would benefit further research 

in this area. How might changes in the group, task, context or technology affect 

the process or the outcome of group work with a GDSS? Are there other 
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significant variables which have not yet been identified? While there appems to 

be support for the feedback loop from group outcome to groups, and from 

organizational outcomes to organizational structure, are there other feedback 

relationships which have not yet been identified? How do all of these variables 

and their relationships affect the effectiveness, efficiency and user acceptance of the 

system. Answers to these questions will provide direction for both the development 

of GDSSs and future research in the area. 

In addition to these general suggestions for future research, a number of 

more specific areas of research are suggested. Because of the uniformly consistent 

measures of system success in this study, it seems likely that the development and 

use of such systems is likely to increase in the fairly near future. If this is the case, 

it may not be long before comparative studies in operational environments will be 

in order. Once enough of the systems are in regular use, survey type research in 

this area may be indicated to track the development and diffusion of the technology. 

Observations during this study have indicated that user attitudes toward the 

system have been generally optimistic. It has also been noted that the GDSS has 

been a scarce resource for those using it. Since its installation and first use, there 

has been a waiting list of those wanting to use it. The waiting time to use the 



186 

system has generally been about three weeks. It is possible that the lead time 

required to gain access to the room impacts on the attitude of getting things done 

once there. It may be that the very fact that the GDSS facility is a scarce resource 

affects the users' attitudes about it. This is an observation that may be able to be 

tested by experimental evaluation. 

Another question raised by the generally. positive ratings from all of the 

groups using the system is, what differences might exist in the individual users which 

can explain the differences in the individual ratings? Questions of keyboarding 

skills, administrative level, perceived augmentation/threat to group power, and other 

factors may play a part in these rating differences. 

The results of this study have indicated that the system may be best 

understood as a powerful group work tool in the hands of a capable facilitator. As 

such, it may not lessen the need for quality facilitation of group process, but instead, 

may be an adjunct to it. If this is the case, then there is likely a limit to the extent 

of group facilitation which can be built into such a system. At this point, little is 

known about the limits of this capability for GDSSs. Will expert system techniques 

be able to supplant some of the facilitator's role? Can groups learn to effectively 

follow a computer moderated process in a work group environment without the aid 
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of a human facilitator? The answers to these questions are likely to provide 

valuable directions for the future development of this technology. 

A significant question for the long term use of computers as an aid to the 

performance of group work is the ability of the systems to maintain high user 

acceptance. There is too little data at this point to know if users of such systems 

will continue to find them to be valuable and useful tools. Only long term studies 

of their use will be able to provide the necessary data to answer this question. 

The measurement of the system for this study was generally done in a holistic 

manner. Now that the system as a whole has been shown to be effective, efficient 

and to meet with user acceptance, future research might focus on which parts of the 

system contribute to that success and which parts are either neutral or 

counterproductive. This knowledge will aid in the development of future GDSSs 

and will help to tailor systems to individual group needs. 

Finally, what can we learn about the way that people work together, 

generally, from the application of GnSSs to group work? Are there common 

threads between idea generation groups, consensus building groups, negotiation 

groups, decision making groups, and other types, which can be identified and 
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explored through the use of common computer-assisted tools? If so, it may be 

possible to develop a taxonomy of agreed upon group work process which can more 

easily be understood and managed in all types of group work settings. 

7.6 Conclusion 

This field study offered the opportunity to assess a developed GDSS system 

in an operational environment. Results from laboratory observation of this GDSS 

had suggested that it had high potential for operational success. However, as is 

always the case with systems used in carefully controlled environments, it is prudent 

to withhold judgment on their more widespread use until there is direct evidence 

of their su~cessful implementation in a real world environment. In addition, 

experimental work carried out in other settings, with other GDSSs, suggested that 

GDSSs might not provide the desired benefits in operational settings. 

Therefore, within the framework of McGrath's research dilemmas, (1982), 

this study purposely selected realism over generalizability and precision to explore 

the effect of bringing this new technology to the operational environment. What 

was learned here is that this system does work effectively, efficiently and with user 

acceptance in an organizational environment. It supports the position that such 

systems can provide valuable support to work groups in organizational settings and 
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it opens the doors for further research to explore in more detail the parameters 

which can maximize the benefits of such systems. 
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APPENDIX A 

PRE-SESSION QUESTIONNAIRE 
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PLEXSYS Field Installation 
Pre-Session Questionnaire 

POOR FAIR EXCELLENT 
1. How would you rate your typing skills? 

2 3 4 5 

POOR FAIR EXCELLENT 
2. How would you rate your micro·computer 

ski lls? 2 3 4 5 

3. Have you participated in a manual 
planning session before? YES __ NO __ 

3a. If yes to 3 above, how would you rate the INEFFECTIVE EFFECTIVE 
effectiveness of the manual QIT planning 
process? 2 3 4 5 

4. Have you taken part in a computer 
moderated group planning process 
before? YES -- NO __ 

INEFFECTIVE EFFECTIVE 
5. How effective do you believe computers 

to be as group planning aids? 2 3 4 5 

6. How effective do you believe the computer· INEFFECTI'/E EFFECTIVE 
aided process is for helping you to 
generate ideas as a group? 2 3 4 5 

7. How effective do you believe the computer· I NE F FECTI VE EFFECTIVE 
aided process is for helping you to 
identify key issues as a group? 2 3 4 5 

8. How effective do you believe the c~~ter- INEFFECTIVE EFFECTIVE 
aided process is for helping you to 
achieve your planning goals as a group? 2 3 4 5 



9. How important is the role of the 
facilitator to the process of 
group planning? 

10. How important is the role of the 
facilitator to the outcome of 
group planning? 

11. How satisfied are you with the 
current QIT process? 

12. Please rate your group's problem solving 
process on the follc"ing scales. 

a. INEFFICIENT - EFFICIENT 

2 3 4 5 

b. UNCOORDINATED - COORDINATED 

2 3 4 5 

c. UNFAIR - FAIR 

2 3 4 5 

d. CONFUSING - UNDERSTANDABLE 

2 3 4 5 

e. DISSATISFYING - SATISFYING 

2 3 4 5 
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UNIMPORTANT IMPORTANT 

2 3 4 5 

UNIMPORTANT IMPORTANT 

2 3 4 5 

DISSATI SFIED SATISFIED 

2 3 4 5 
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APPENDIX B 

POST·SESSION QUESTIONNAIRE 



PLEXSYS Field Site 
Post-Session Questionnaire 

(This is displayed on the participants' screens) 

Please answer the following questions 

1. Number of sessions participated in: manual [ ] computer-aided [ ] 

Strongly Strongly 

disagree <-- 2 3 4 5 --> agree 

2. The computer-aided process is better than the manual process. [] 

3. The computer-aided process helps the group generate ideas. [ ] 

4. The computer-aided process helps the group identify key ideas. [] 

5. The computer-aided process helps the group achieve its goals. [] 

6. The role of the facilitator is important to group planning. [ ] 

7. I felt personally responsible for the group's decision. [ ] 

B. The outcome of the planning session reflects my inputs. [ ] 

9. am confident that the outcome of the session is correct. [ ] 

10. feel committed to the group's decision. [ ] 

11. am satisfied with the computer-aided QIT process. [ ] 

12. The group's problem-solving process was efficient. 

13. The group's problem-solving process was fair. 

14. The group's problem-solVing process was satisfying. 

[ ] 

[ ] 

[ ] 

]94 
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FOllOW-UP INTERVIEW FORM 
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PLEXSYS Follow-up Interview Form 

Name (optional): ____________ _ Date: -----

1. # of sessions participated in: manual ___ _ automated ----

2. What was the date of most recent automated session: -------

3. What type of session was this, (ie, problem solving, planning, etc 

4. Was this a group which had met before, or a new group? ____ _ 

5. Looking back on the automated group work session(s), what stands out 
most in your mind? 

6. What has happened as a result of the automated session(s)? 
(In general terms, without discussing data.) 
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7. What has been done with the data that was generated during the 
sessionCs)? 

8. How would you rate the effectiveness of the automated Process? Please 
explain. 
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9. How would you compare the automated process with similar manual 
processes? 

10. Would you consider using the automated group work system again? If so, 
under what conditions and for what purposes? 
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11. What do you consider to be advantages of using the automated system? 

12. What do you consider to be disadvantages of using the automated system? 
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13. How would you rate the effectiveness of the pre-session planning? 

14. How would you rate the effectiveness of the idea generation phase? 
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15. How would you rate the effectiveness of the idea organization phase? 

16. How would you rate the effectiveness of the idea discussion phase? 
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17. How would you rate the effectiveness of the decision phase? 

18. How would you rate the importance of the facilitator's role? 
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19. What features of the system do you particularly like? why? 

20. What features of the system do you particularly dislike? why? 
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21. Overall, how effective do you consider the automated process to be, versus 
a manual process? 

22. Overall, how satisfied are you with the automated session? 
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23. How would you evaluate the cost/benefits of using the automated session 
versus a manual proce!:;s? 

24. What changes would you like to see made in the automated system? Why? 
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For the remaining questions, please answer for each planning sessions for which 
you have been a group manager. 

25. From the beginning of the process to implementation of the outcome, 
how much time elapsed? _______ _ 

26. How many total planning hours were involved? ______ _ 

27. If you had not used the automated system, what would you estimate the 
above numbers to be? 

Elapsed time: ______ _ Total planning hours: ____ _ 

Please explain:-
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