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Chapter 1 

Motivation of the Research 

1.1 Introduetion 

Everyday people have to make decisions. Some decisions are trivia!, such as 

choosing what color soeks to wear for the day and other decisions can impact many 

people's lives, such as deciding on going to war with another country. Although each one 

of the above decisions seems so entirely different, the procedure used to make these 

decisions can be identical. Because of the different levels of complexity between these two 

examples, attempting the latter without consulting some form of decision aid seems almost 

irresponsible; while attempting the former with help of someone or an aid could be 

comical. What kinds of decisions require extemal input and what form should they take? 

Decisions with many alternatives usually require external aids. Quite often, decisions 

of this magnitude which affect many people are attempted without seeking the advice of 

those involved in the decision outcome. In addition, the decision of not seeking advice 

may be a conscious one at the risk of jeopardizing the outcome. Seeking the advice of 

others and/or simply working with others presents another problem; fear of the unknown 

or perhaps the fear of surrendering control or ownership of the problem. Using others as 

resources can be an asset or a hinderance to good decision performance. The success of 

including others in the decision process is dependent on a number of factors. This thesis 

will investigate some of these determining factors. 

This thesis focuses on decision making and investigates the effects of groups and 

individuals on decision performance in hope of discovering when it is beneficia! to use a 

group and what kind of group would maximize effectiveness. 
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1.2 Brief overview of this thesis 

Within the Jiterature of decision making and in practice, decisions can be approached 

via several means. One of these approaches consists of an individual attempting to make 

the decision on hislher own. There are other approaches to decision making which consist 

of gatbering the inputs for the decision from memhers of a group. This thesis compares 

the performance of three specific types of groups and the individuaJ approach for decision 

making. 

The groups in this thesis differed according to which communication protocol they 

utilized. A communication protocol is defined here as a set of rules (or Jack of them) 

which assists the group memhers through the various stages in the decision making 

procedure. Some group protocols do nol require any form of preparation nor do they need 

to be executed with special materials. One such group, the freely interacting group 

required only pen and paper. Freely interacting groups are farniliar to most people and are 

the most informal because they usually do not have any agenda nor designated group 

leader to focus the group. However, due to this possible lack of focus within the group, 

performance of freely interacting groups may suffer. 

There are two other group protocols in addition to the freely interacting group 

explored in this thesis: the Nomina! Group Technique (NGT) and a group utilizing a 

Group Decision Support System (GDSS). Both the Nomina! Group Technique and the 

Group Decision Support System protocols involved an outside person to lead the group, a 

facilitator, aJong with rules which specified when memhers of the group were perrnitted to 

interact with each other and when they should work independently. Furthermore, the 

facilitator created a non - threatening environment for the group memhers by regulating 

the comments within the group session and eliminaled criticisms which focused on an 

individual rather than on the comment itself. The major difference between the Nomina! 

Group Technique and the Group Decision Support System protocols is the computerized 

support added by the GDSS. Computerized support provided the group memhers with total 

anonymity during some of the decision making stages; the group memhers were not aware 

who is offering a particular comment. Anonymity, according to many researchers and 

practitioners, aids group memhers in their ability to be creative by eliminating their fear of 

ridicule from the other group members. 

In order to make a fair comparison between the performance of the various group 
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protocols and the individual approach to decision making, it was necessary to use the same 

number of people in each group protocol. lt would be unrealistic to compare the output of 

five individuals with that of one. Therefore, a comparison "group" of individuals was 

needed. The primary difference between this "group" (called "pooled individuals") and the 

other group protocols was that the pooled individuals did not interact with one another. 

These individuals did not know who the other memhers of their "group" were because 

their outputs were combined only after they were tested. 

These four group protoeals were tested across three different types of tasks which 

were common in the various stages of decision making. lt was important to learn if one 

particular type of group protocol's performance excelled across all of the different task 

types or if each protocol excelled in only one specific type of task. lt was particularly 

interesting to compare the performance of groups which utilized the GDSS with the other 

groups in order to assess the differences (possibly improvements) gained from the new 

group technology (GDSS). 

The setting in which these groups were compared was an experiment in a laboratory 

setting using students from Eindhoven University of Technology as subjects. A laboratory 

setting was utilized because of its accessibility to the subject population of students along 

with its higher potential for controlEng experimental variables. These student subjects 

were tested in their ability to perform three separate decision tasks: generation of ideas, 

selecting the most important ideas, and prioritizing them. The context used for the 

experiment was the organization of an international student spocts tournament at the 

university. The subjects of the experiment all had experience in organizing and/or 

participating in spocts tournaments at the university and were familiar with potential 

factors which could go wrong when organizing such a tournament These factors were 

called risk factors, and by generating, selecting and prioritizing these risk factors, the 

subjects were in fact performing a type of risk analysis. Risk analysis will be explained in 

greater detail in Chapter 4. 

In order to evaluate the performance between the various group protocols, experts in 

the field of organizing international spocts tournaments were used. These experts judged 

each risk factor obtained from the experimental groups in termsof its quantity, quality and 

accuracy between the several task types. Based on the scores obtained by the experts for 

each of the task types, overall performance was assessed for each group protocol. The next 
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section describes the history of the various group protoeals in order to provide the reader 

with some background. 

1.3 Different types of group protocols 

The most common group protocol requires three or more individuals woricing 

tagether to solve a problem or reach a shared goal. In these groups a leader often 

dominales the meeting but occasionally asks for input from other group members. If the 

group does not have a leader, interaction might become chaotic with memhers competing 

with one another for attention. These groups have been labelled freely interacting groups. 

However, while these freely interacting groups are common in practice, they also have 

their share of problems. 

Memhers of freely interacting groups are often dissatisfied with group interaction for 

several reasons: one individual might be dominating the group; others might fee! afraid to 

speak because of fear of ridicule by the others; others lose their idea while waiting to 

speak; and others believe no one wants to listen to them. This dissatisfaction of group 

memhers often leads to poor output by the group. Researchers who have studied groups 

saw the need for improving traditional group interaction and output and designed several 

group protoeals to reduce and/or eliminate the freely interacting group's shortcomings. 

One of these new protoeals was called the Nomina! Group Technique (NGT). 

The Nomina! Group Technique, created in the early 1970's, (Delbecq et al., 1975) 

differs from the freely interacting group in one main respect, there is always a person 

present, (the facilitator), whose sole purpose is to mediate the group communication. The 

facilitator structures the group meeting, often leading the group memhers step by step 

through each phase of the decision procedure. The facilitator structures the group memhers 

so that each memher may. share their ideas with the rest of the group, discuss their 

opinions, and finally vote democratically on a solution. Although researchers of the NGT 

have reported that the quality of the output and the satisfaction of the group memhers 

increased after using the NGT protocol, the protocol is far from perfect. Some participants 

which used the NGT claimed that group memhers were still able to criticize their ideas, 

although maybe not as much as the freely interacting group. The NGT procedure is also a 

long and tedious one. These complaints inspired researchers to develop a more modemized 

(less tedious and more efficient) version of the NGT with an added attraction: anonymity. 
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This new group aid was called a Group Decision Support System (GDSS). The original 

GDSS's had more of a Decision Support System (DSS) "flavor" rather than a tooi used for 

groupwork as is currently the case, (DeSanctis and Gallupe, 1985; Huber, 1984). 

Use of the GDSS as a research tooi began in the early 1980's and is still being 

actively researched. The GDSS combines software and hardware which allows the users to 

interact with the help of a facilitator. This GDSS software has traditionally worked in a 

face to face environment, although there is a new trend in which group memhers using 

GDSS's workat different locations and/or at different times. In a GDSS environment, the 

facilitator's roleis not only to plan the meeting and monitor the communication between 

the group memhers (as in the NGT), the facilitator is also the only person who can 

activate the GDSS software. The facilitator gives the commands to the GDSS software 

which then permits the group memhers to interact Each group member is supplied with a 

personal computer which is hooked up to a network. In the face to face groups which 

utilize a GDSS, a "decision room" is usually used so that each group member can see each 

other's faces during the group meeting. The decision room also contains a public screen 

where the group memhers can view the ideas and/or votes, which were ohtained from the 

meeting. Although, on the puhlic screen there is no indication of which group member 

originated which idea. Anonymous input of ideas attempts to discourage group memhers 

from personalizing issues (hlaming one particular person in the group) and inslead focus 

on the issues themselves. This freer environment would allow all group memhers to voice 

!heir ideas without fear or ridicule, be more creative and be more productive hecause 

group memhers would be able to "share the floor", think, and listen simultaneously. Not 

unlike the other types of groups already discussed, the GDSS also bas its advantages as 

well as disadvantages. These advantages and disadvantages are forther explained in 

Chapter 3. 

There is also one type of "group" protocol which bas yet to be discussed. This type 

of group is only used in experimental situations as a control group to be compared with 

other groups. The memhers of this group, the pooled individuals, never meet with each 

other. These individuals perform the decision task alone, and their ideas are later 

combined by the experimenter. Sametimes pooled individuals are called a "statisticized 

group" because their ideas are combined after the experiment is over in a random fashion, 

in order to decrease the error within the experiment. Since pooled individuals never even 
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see or meet each other, this type of group is the ultimate anonymous group. 

These four primarily mentioned groups: freely interacting groups, groups which use 

the NGT, groups which use the GDSS, and pooled individuals, became the basis for the 

groups which were studied in this research. These four groups were chosen for this study 

because they all have their advantages and disadvantages which has been shown 

repeatedly in group and GDSS Jiterature (Gallupe, 1985). However, the literature is often 

conflicting in relation to producing conclusive results. Traditional group lilerafure shows 

the advantages of using the NGT over freely interacting groups. However, pooled 

individuals are rarely compared to groups which use the NGT. In the GDSS literature, 

comparisons are often made between freely interacting groups, and groups which use a 

GDSS, demonstraling that groups which use the GDSS perform better than freely 

interacting groups. However, comparisons between pooled individuals and groups which 

use the GDSS reveal conflicting, inconclusive results. Sterruning from this confusion of 

the literature, it is nol sure which of these groups performs better than another, and if the 

results change depending on whether the decision task changes. 

The main goal of this research was to delermine the performance differences for the 

four previously mentioned group protocols for several decision tasks. These decision tasks, 

although theoretica! in approach, are also similar to the practical assignment of performing 

a risk analysis.By comparing the performance for the different group protocols across the 

decision tasks, performance for this particular application of risk analysis can also be 

assessed. The next section of this chapter discusses risk analysis in the context of decision 

making. 

1.4 Risk analysis in the context of decision making 

There are many types of decision aids used by organizations that regularly make 

decisions which can affect the entire organization. One type of decision aid which is often 

used is a risk analysis. A risk analysis essentially breaks down the decision into smaller 

more manageable decisions. The purpose of a risk analysis is to identify the major risks of 

a decision to be made and then evaluate these risks in terms of their importance to the 

overall success of the decision. Perlorming a risk analysis is commonly accepted as 

standard procedure in a number of different organizations when undertaking a major 

decision (Bi mie and Yates, 1991 ). By identifying the risks of the decision before the 
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decision is made, a more knowledgeable approach can be used when implementing the 

decision as well as capitalizing on avoiding lhe risk through the gained insight. 

Risk analysis often is implemenled by only one person in an organization. 

Consequently, the outcome of the risk analysis is subject to the capabilities of that one 

individual. Individuals seldom make decisions as thoroughly and systematically as many 

lheories of rational decision making suggest and may also Jean towards one particular 

point of view (Wexley and Yukl, 1984). This preferenee fora particular point of view is 

labelled a decision bias. Sim.ilarly, just like any other kind of decision, people who 

perform risk analyses suffer from decision bias and/or a Jack of valuable information 

which is needed to insure a good decision. 
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Lacking valuable information for the decision maker is not always the result of the 

information not being present in the organization. Often the information is present in the 

organization and known by many individuals in the organization, yet the person doing lhe 

risk analysis does not have access to it. Sometimes, the person doing the risk analysis does 

not even know that this information exists. It is hypolhesized that two problems: decision 

bias and a Jack of information can be reduced by utilizing the insight and knowledge of a 

team of individuals. A team of individuals is less likely to have a preferenee for one point 

of view and are able to make more accurate judgements about the importance of the risk 

factors from their multiperspective approach. (However, literature also offers ample cases 

in which groups are biased and narrowminded consequently leading to poor decisions, 

(Janis and Mann, 1977). This team of individuals, through their multiperspective approach, 

probably have more insight and knowledge about the many facets of the decision problem 

lhan one single individual. However, when individuals work in a group, there is no 

guarantee that all of the information which is present from each of the merobers will be 

heard and/or utilized by the other group members, especially during the generation of 

ideas. A typical interacting group is usually far from perfect and may experience their own 

set of problems. These probieros have been researched and temporary solutions have been 

initiated. For example, research on problem solving indicates that idea generation is less 

inhibited when it is separated from idea evaluation (Maier and Hoffman, 1960; Maier and 

Maier, 1957). It is the intention of this thesis to campare the various group protoeals and 

their associated advantages and disadvantages while undergoing a decision making 

procedure such as risk analysis. 
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1.5 What is hoped to be gained by doing this research? 

The results of this thesis are not only useful for covering the advantages and 

disadvantages of the various group protocols, but also have further implications. Because 

this research compares several group protocols which have been previously compared in 

other studies, this study is able to provide, in many aspects confirmation of earlier 

empirica! research, see Chapters 2 and 3. Yet this study's approach is also unique in its 

choice of independent and dependent variables. Because of the combination of unique 

variables, this study is also able to add to the existing risk analysis and GDSS literature in 

terms of its original approach. Not only does this research plan on adding to the risk 

anaJysis and GDSS literature (Chapters 2 and 3), this research aJso hopes to aid risk 

analysis and GDSS practitioners by sharing the insight gained by carrying out this 

research, (see Chapter 8). 

This study utilizes common decision tasks as a means for comparing performance 

among four different group protocols and extrapolales these findings to one particular 

application of risk analysis. lf it can be shown that different group protocols perform 

better on different tasks, one can begin to optimize performance by using the best type of 

group protocol for that particular task. By promoting a better fit between task type and 

group protocol used, a mismatch of capabilities can be avoided therefore promoting higher 

quality decisions. 
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Chapter 2 

Defining Research Boundaries 

2.1 Introduetion 

The purpose of this chapter is to clarify for the reader the baundaries and scope of 

this research. This chapter outlines the variables which were later used in the experiment 

of this thesis and their importance. In addition, this chapter discusses the experimental 

variables such as task type, group history, and group size, and provides their scientific 

foundations. 

This chapter will briefly discuss the risk analysis procedure and classify the risk 

analysis task types into McGrath's Circumplex. The second section explains the different 

types of group protocols and their history in group research. The next section explains the 

importance of group size in the literature. The last section outlines this research in terms 

of its independent and dependent variables and discusses how they were used in sirnilar 

studies. 

2.2 Task types and McGrath's Circumplex 
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Group Decision Support System research is often difficult to compare because there 

are major differences between GDSS laboratory experiments and field studies (Dennis, 

Nunamaker and Vogel, 1991). These researchers put forth several differences: I) 

organizational contexts; 2) group characteristics; and 3) types of tasks. Often in Iabaratory 

experiments, subjects are requested to perform activities in an artificial setting which 

makes it almost difficult to extemally validate the experimental task. Furthermore, the 

Iabaratory setting often forces the power and status differences along with the political 

issues between the group memhers to disappear (Mennecke and Wheeler, 1993). 

Laboratory studies often alter or modify the task performed from its natura] order to 

accommodate the Iabaratory environment. Although the motivation for this research was 



JO cha ter 2 

originally derived from studying decision tasks which were commonly used in the GDSS 

literature, these tasks also paralleled the risk analysis field. Figure 2.1 illustrates the 

concept of the three decision tasks (brainstorming, selecting and prioritizing) within 

practical and theoretica! applications. Furthermore, in order to stay "true" to the practical 

application of risk analysis, the experimental task and its organizational context was 

altered minimally. The organizational context is discussed in later chapters of this thesis 

(four and eight) while the experimental task is the core of this chapter. 

Tasks Used in 
GDSS Literature 

Decision Tasks 

Common Tasks 
in Risk Analysis 

Figure 2.1: Overlap of task types into different frameworks of this thesis 

Despite the fact that the risk analysis task can be seen as an entire activity, it can also be 

broken down into its various subtask components. Risk analysis contains multiple steps 

which can be categorized into several different types of tasks. These steps are: 
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l) generatea list of risk factors which are potentiaJly harmful to a given situation 

2) evaluate each risk factor by clarifying its significanee 

3) select the most critica) risk factors 

4) assess the critica] risk factors' probability of occurrence and impact 

5) prioritize the critica! risk factors by ranking their importance. 

If we want to categorize these steps into recognizable tasks, a particular framework or 

classification scheme for the different types of activities must be established. McGrath 

(1984) provides such a classification scheme entitled "Group Task Circumplex", Figure 

2.2. 
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McGrath's Circumplex is probably the most cited as a task classification scheme in 

the GDSS literature. The Task Circumplex integrates the work of several other 

researchers, (Hackman and Morris, 1975; Laughlin, 1980; Shaw, 1973 to name a few) into 

a conceptually well thought out and visually elegant framework for classifying group tasks 

(Mennecke and Wheeler, 1993). McGrath's intention was to have his classification schema 

be: 1) mutuaJiy exclusive (a task fits into one and only one category); 2) collectively 

exhaustive (all tasks fit in some category); 3) logically related to one another and 4) useful 

for identifying differences and relations between the tasks. Occasionally, in practice when 

making classifications, McGrath conceded that it became difficult to neatly fit a particular 

task into only one category. Categorizing difficulties also occurred in the case of our risk 

analysis task for some of the steps. 

McGrath divided his circumplex into four quadrants which represented four general 

processes or activities. They were: Generale (altematives), Choose (altematives), 

Negotiate, and Execute. Within each quadrant, two separate task types were defined. In the 

Generale quadrant, type I is a "planning task" which consisled of generating an action 

oriented plan while type 2, a "creativity task", was comprised of generating ideas and/or 

brainstorming. Within the Choose quadrant, the two types of tasks are "intellective tasks" 

and "decision making tasks" (type 3 and 4 respectively). Within the intellective task 

category, McGrath specified that these tasks must have a correct answer as the solution. 

Examples included Iogic problems and other problem solving tasks with correct but nol 

compelling answers; as well as tasks for which expert consensus defines answers. Task 

type 4 - decision making tasks considered tasks for which the preferred or agreed upon 

answer is the correct one (e.g. tasks used in risky shift or juries). 
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Within the Negotiate quadrant, (task type 5), "cognitive conflict tasks", involved 

resolving conflicts of viewpoint (not of interests), (e.g. tasks used in social judgement 

theory work). Task type 6, "mixed - motive tasks", resolved conflicts of motive interest, 

(e.g. bargaining and pay off conflicts). Within the Execute quadrant, (task type 7) 

"contests/battles", involved competing for victory or resolving conflictsof power. Lastly 

task type 8, "performances", discussed psychomotor task performance against objective or 

absolute standards of excellence for example some sport events. 

For this thesis, only the first two quadrants - the Generale and Choose quadranis wil! 

be discussed further. Concentration on only the first two quadrants of the circumplex is 

based on two factors: I) these tasks are the primary tasks researched within the GDSS 

literature and 2) one application of the risk analysis procedure centers entirely on these 



Defining Research Boundaries 13 

two quadrants. When considering the steps of the risk analysis procedure, it is oot always 

obvious which task type of McGrath's circumplex should be chosen tobest fit the 

particular activity. As wiJl be explained in Chapter 4, not all of these steps need to be 

classified. Classifying every step is not necessary owing to the fact that the dependent 

measures for the experimental task only proceed a few of these steps, therefore making it 

only interesting to study the steps which are being measured. However, all steps of the 

risk analysis procedure do fit into McGrath's circumplex. The steps which have dependent 

measures associated with them are: 

I) generale a list of risk factors which are potentially harmful toa given situation 

2) select the most critica! risk factors 

3) prioritize the critica) risk factors by ranláng their importance. 

What makes these steps difficult to perfectly categorize, however, lies in the fact that they 

(except for the first one) are all dependent on the step(s) which proceed them; thereby 

violating McGrath's intention of mutual exclusivity. This violation sterns from the 

dependent nature of the risk analysis, oot from a deficiency in the circumplex. 

The first step classified in the risk analysis procedure is the generation of risk factors 

which are potentially harmful toa given situation. To use McGrath's terminology, this 

step fits nicely into the classification of task type 2 - creativity tasks. Brainstorming of 

ideas is McGrath's interpretation of creativity. In his book, McGrath explains Oshom's, 

( 1957) concept of group brainstorming. The brainstorming technique requires that group 

memhers generale as many ideas as they cao on a particular subject in a given time frame. 

During the brainstorming process, group memhers are oot allowed to criticize another 

member's ideas. Evaluations and criticisms would come after brainstorming. During the 

brainstorming the participants are encouraged to refer to other group memhers' ideas and 

try to buildon them when creating ideas of one' s own. This idea of building on other 

people's ideas is called "piggyhacking". Although brainstorming has primarily been used 

in group idea generation, its rules can also be applied to individuals who generale ideas. 

The second task which was classified into McGrath' s circumplex is the task of 

selecting the most critica) risk factors out of the entire list of risk factors which was 

generated in the first step. To narrow down the choice of quadrants in the circumplex, 

there exists a quadrant which practically shares the same name as selecting - the "choose" 

quadrant. But is this task a type 3- intellective task or a type 4 - decision making task? 
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According to McGrath, our selection task can best fit into the intellective task category -

type 3. There are several reasons which can explain this choice. McGrath argues that there 

are several subtypes along a gradient which can be identified as betonging to the 

intellective task category. First are those probieros for which the correct answer is not only 

demonstrabie but is intuitively compelling once presented, such as "Eureka" type 

problems. The second type of problem is one in which the answer is demonstrabie by 

culturally accepted beliefs but is not obvious and not necessarily easy to demonstrate 

convincingly to others in the group. (McGrath provides an example of this second type of 

problem as a complex geometrie proof). Lastly, the third type of problem are those for 

which the correct answer is the consensus of a set of judges who are regarded as "experts" 

on the issue at hand. The correct answer is only obtained by referencing the expert group's 

answer. McGrath states that probieros of this nature (referencing expert judgement) !ie on 

the border of the "decision making tasks" - type 4. In McGrath's opinion, it is somelimes 

difficult to categorize tasks which use expert judgement as a reference into tbe intellective 

task category or the decision making task category. For the purposes of this thesis, the 

selection task was considered an intellective task. This decision was based not only on 

McGrath's definition as given above, but also on other sourees in the literature which used 

a similar selection task, as in my experiment, to classify their task as an intellective task 

(Gallupe, 1990, Tan et al. 1991 ). The consequences of dec i ding for the "wrong" task 

category could have a negative effect when forming predictions concerning the 

performance of the four group protocols, and connecting the results of this study with 

those of the literature. 

The last of my three experimental risk analysis tasks which was classified into an 

accepted model of task types was "prioritizing the critica! risk factors by ranking their 

importance". Th is task is the most difficult to categorize because it lies on the border of 

the task type 3 and 4 categories. The main idea bebind decision making tasks in type 4 is 

that these task probieros do not point to a single correct answer. Rather, the right "answer" 

is often in the form of a group consensus or a preferenee made by the group members. 

"The preferred alternative depends on the way in which the facts are weighed and 

combined, and that in turn depends on values or points of view about the subject" 

(McGrath, 1984 ). Other researchers have used a different term; inslead of decision making 

tasks they labelled these as "preference tasks" (Tan et al., 1991; Raman, et al., 1993). (I 
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personally prefer the term "preference tasks" over "decision making tasks" because it 

provides a better description of what is occurring during the task activity). 

If the ex perimental task of prioritizing the critica! risk factors was the only task to 
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be performed, it could easily be placed into the task type 4 category of decision 

making/preference tasks. However, this experimental task was preceded by an intellective 

task which used expert opinion as a means of comparison, (see Chapters 4 and 6). 

Furthermore, the outcome of this prioritization task was also compared to the expert's 

prioritization of the selected risk factors in order to judge the quality of each treatments' 

answers. The problem with this classification arises when the prioritization task itself may 

be classified as a task type 4 (decision making/preference task) but because of the fact that 

the prioritization is based not only upon preferences of each group member but also upon 

facts which were weighted and combined (task type 3) in the previous step, it is difficult 

to state that it is purely a preferenee type task (type 4). To further convolute the process, 

this prioritization task is also evaluated via expert consensus which is a characteristic of an 

intellective task (type 3). Other researchers have had difficulties categorizing and 

measuring the performance of judgement tasks (Snienzek and Henry, 1990). Harrnon and 

Rohrbaugh (1990) state the need for camparing the performance of groups where only the 

final choice of judgement receives primary attention. These researchers believe that such a 

set up would make clear the relationship between task definition and group quality. 

To simplify matters for the purposes of this experiment, this prioritization task will 

be labelled a preferenee task which is on the border of an intellective task rather than an 

intellective task which in on the border of a preferenee task. The difficulties with this 

terrninology becomes apparent in the discussion section (Chapter 8) when trying to explain 

the results which were obtained in the experiment. In order to align this research with the 

literature, concern not only had to be given to categorizing the different task types but also 

in choosing independent and dependent variables which were similar to the applicable 

studies. The next section provides the background and history of different types of groups 

and their place within the group research. 
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2.3 Different types of groups and their history in group research 

As mentioned in the last section, task type is one major experimentaJ variabie which 

is often manipulated in this type of group research. There are also many other variables 

which are manipulated during a typical experiment dealing with groups. The obvious 

testing (independent) variabie which is often compared is the type of group performing the 

experiment along with its group environment. 

Within the group dynamics field , comparisons are often made between groups and 

an equal number of individua.Js whose answers are combined. These groups do not have a 

control mechanism within them - members are allowed to interact with each other as they 

see fit, hence their name "freely interacting groups" . In order to make the freely 

interacting group comparison equaJ to the individuaJ perforrning the same task, researchers 

often pooled the results of an equal number of individuals which participated as in the 

freely interacting group. The combined effort from these individuals formed another type 

of "group" eaJled "pooled individuals" . These pooled individuals never interacted with one 

another nor did they ever meet each other in person. The individuals' results are instead 

randomly pooled after the experiment takes place. The goaJ behind many of these 

experiments is to see if people working in a group would produce more output than those 

working alone. The theory at that time was that groups should be able to generate more 

ideas than individuals based on the fact that synthesis would occur within the groups 

which would be absent in the pooled individuals. Osborn (1957) introduced his theories 

about brainstorming and the future benefits which could be derived if the brainstorming 

rules were foliowed by groups. 

Unfortunately, there are other factors which came into play which hindered a group's 

success/performance as compared to an individuaJ. These hindrances are eaJled "process 

losses" . Opposingly there is a lso another term for groups which can be positively 

influenced by the group interaction called "process gains" . In many types of groups 

including freely interacting groups, the process Josses outweighs the process gains thus 

resulting in poor performance. The next two paragraphs brietly touch upon these process 

gains and losses associated with group interaction. 

· Researchers expected to encounter process gilins most of the time by using groups. 

Intuitively, it makes sense tothink that a group will have more information than any one 

of its members (the "two heads are better than one theory"). Furthermore, in sharing their 
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knowledge, group memhers can learn from one another during the group interaction. By 

working as a team, group members can stimulate one another to work harder and be more 

objective during an evaluation of ideas. Nu namaker et al. (I 993) believes that groups are 

better at catching mistakes in proposed ideas than are individuals. Lastly, group synergy 

may occur which results in a merging or complementing of ideas. Within a group, 

memhers use information in a way that is different from each other because each memher 

has a different perspective, thus facilitating synergy. 

Despite the fact that people believe that "many heads are better than one", often 

group synthesis backfires resulting in process losses. Process losses come in many 

different forms (Nunamaker et al., 1993) and affect different aspects of the group process. 

These different aspects include the process support, process structure, task support and 

task structure. Nunamaker, et al. states, 

"Process support involves the communication mediums which are used during the group interaction. Process 
structure refers to rules that direct the pattem, timing or content of this communication such as the Nomina! 
Group Technique (explained later on in this chapter). Task support refers to the information and computation 
infrastructure used during the different task activities, such as calculators and extemal databases. Lastly, task 
structure refers to techniques. rules, or models for analyzing task related information to gain new insight 
such as computer models orDecision Support Systems" (Nunamaker et al., 1993, Tyran et al., 1993). 

The process losses listed in Table 2.1 are examples of the four types of task/process 

support/stcueture given above. The process losses and their associated behaviors are taken 

from Nunamaker et al., (1993). 

It has been proven in previous research, (Diehl and Stroebe, 1987; McGrath, 1984) 

that individuals working separately, whose answers are later pooled, generale considerably 

more ideas as wel! as creative/unique ones than do groups even when the redundancies 

between the ideas are deleted. In order to enhance the process gains and decrease process 

losses within a group, several other techniques were created. The general idea was to get 

the advantages from a group while preventing the disadvantages. These techniques include 

the Nomina! Group Technique (NGT) and the Delphi Method. 

The rules of brainstorming, NGT and Delphi Method share the same objectives. 

These objectives are: 1) to insure that the each group member's creativity does not gel 

spoiled due to fear of .social embarrassment, conformity pressures, and status systems that 

inhibit participants; and 2) to maximize the benefits such as synergy, social support and 

reinforcement (McGrath, 1984). This would imply that in freely interacting groups the first 

objective might balance out the second (inhibiting forcesof #I even out the fac ilitative 
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Table 2.1: Process losses and their associated group behaviors 

Process Losses Resulting Group Behavior 

I) Air time Group must partilion available speaking time 
among group members. 

2) Production blocking Since only one person can communieale at a 
time, other members might forget their ideas 
or nol think of new ideas due to trying to 
listen to the person who is speaking. 

3) Evaluation Fear of negative evaluation causes members to 
apprehension withhold ideas and comments. 

4) Free riding Members rely on others to do !heir work for them 
because they think that no one will notice if 
they contribute or not. This cognitive loafing 
can be auributed to feeling nol valued in the 
group or that it is nol worth fighting for air 
time. 

5) Cognitive inertia Discussion moves along one train of thought 
without deviating, because group members refrain 
from contributing comments that are nol directly 
related to the current discussion, probably due 
to fear. 

6) Domination One or more group members monopolize the air time 
or exercise influence over the other members. 

7) Coordination problems Premature decisions are made from incomplete 
discussions or cycling the same issues because 
difficulties arose in inlegrating each members' 
contributions. 

forces of #2). In groups which operate under brainstorming rules such as the NGT, the 

inhibiting forces of #I are improved by the brainstorming instructions, while 

the facilitative farces of #2 remain intact. Individuals who work alone on the sarne task 

without brainstorming instructions might have a weaker set of inhibiting forces #I - in 

other words they might be less critica! or Jess self-evaluative during brainstorming, but 

would not receive the benefits from the socially facilitative farces of #2. If the farces of I 

and 2 were combined arithmetically, we would predict that groups which do nol operate 

under brainstorming instructions would show the paorest performance during generating of 

ideas, foliowed by paoled individuals performing slightly better and then the brainstorming 

groups doing the best. Although the freely interacting groups performed worse than the 

brainstorming groups and pooled individuals in many empirica! studies, there is a 
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considerable body of empirica! evidence which contradiets the prediction that 

brainstorming groups outperfarm paoled individuals. This empirica! evidence led 

researchers to imprave group interaction even more by eliminating more group process 

losses than accounted for by using the NGT. Group techniques, such as the NGT, aided 

groups in overcom.ing such process losses as cognitive inertia, coordination problems, and 

to some extent free riding but other important process Jasses still existed in such a group 

setting. Although the NGT helped the group memhers coordinate their communication, 

production blocking still existed. Other researchers tried to modify the NGT to obtain 

participant acceptance which was also thought to have a great effect on group performance 

(Bartunek and Murningham, 1984). 

In addition, group researchers tried to think of another way to solve power structure 

problems in the group, and to try to eliminale influence from domineering group members 

by de-personalizing the group interaction. By de-personalizing the group interaction, group 

members would only be commenting on ideas and not comrnenting on the people who 

gave the ideas. Only by incorporating anonym.ity, this process could be accomplished. As 

an answer to this need, group researchers developed Group Decision Support Systems 

(GDSS) which provided the opportunity for participants' answers to remain fully 

anonymous, as well as virtually eliminale production losses, because people could work in 

parallel. 

The philosophy behind an "Eiectronic Brainstorming" GDSS tooi was to allow 

memhers to view all of the ideas from the other participants and then use them to form 

new ideas of their own. On the public screen the ideas appeared without any identification 

of who sent each idea. This differed from the NGT groups who employed a facilitator 

which wrote down everyhody's responses for the group to see as each memher called out 

a response, one at a time. Not only does the recording of ideas go much faster with a 

GDSS (especially for the facilitator), anonymity of the group memhers remains intact. 

Also groups which use a GDSS also have the advantage that the ideas which were just 

generated can be directly and quickly incorporated into the next stage of decision making, 

e.g. selecting alternatives from the ideas which were just generated. 

Group Oecision Support Systems do not have to run in a face to face setting, 

although there are obviouscommunication benefits gained hy being ahle to see the other 

group members. GDSS's can be enacted in several physically dispersed environments 
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since the group members' input primarily occurs via the computer software. Due to 

advances in technology, group meetingscan now take place without all of the group 

memhers physically present in one room. In fact some GDSS software pennits groups to 

interact with each ether at different times as wel! as different locations. There have been 

some studies testing a group's reaction and performance to such meetings but conclusive 

evidence have yet to be determined. 

As one can see, there are many different types of group protoeals and settings which 

exist and each of them have their relative strengths and weaknesses. The next section wil! 

explain the types of independent variables used in many group studies and explain how 

my research fits into the general picture. 

2.4 Group size and its importance to group research 

The last two sections provided the background on the importance of the task type as 

wel! as the type of group(s) when discussing group andlor GDSS research. Aside from 

these two major variables, there is another important variabie which is often tested in the 

group/GDSS research: group size. Researchers are aften testing differences between groups 

which vary their group size in order to see if the performance measures reflect a trend 

consistent with the group si ze. Small group research varies from two to four people per 

group while large group research starts at about six memhers per group and has ranged to 

about 18 participants per group; although by using a GDSS, group size can be increased 

indefinitely. Dennis et al., ( 1988) reports a study in which 48 individuals participated 

simultaneously. 

Group size needs to be explicitly considered befare designing an experiment, even 

when the main independent variables (the variables which wil! be manipulated in the 

experiment) are not group size. The choice of the number of participants which camprise 

each experimental group is determined by whether or not the group research is considered 

smal! - less than four group members, (although some researchers would argue that 

number to be less than seven) or large (between five and seven and greater) group 

research. Furthermore, depending on whether the research is considered smal! or large 

group research, other factors which are manipulated in the experiment rnight need to 

change from what was originally planned. The primary reason is that conclusions drawn 
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from smal! group research often can not be extracted to large group research and visa 

versa. 
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Especially now since GDSS's have come onto the group research "scene", group 

interaction has changed drastically and many of the "classic" paradigms on group 

interaction which predict group performance no Jonger hold. This statement is proved by 

the belief that small groups will have less production blocking than Iarger groups. 

However, this statement does not often hold true since the advent of GDSS, because 

groups now have a way to corrununicate in parallel when before that was not possible. 

With a GDSS, everyone in the group is able speak at the same time as well as have their 

ideas be instantly recorded, without having to waste time rehashing ideas which were 

already formulated, in order to record them. As a result of using a GDSS in group 

research, group size is no Jonger viewed as such a critica! determinant of performance as 

it used to be. 

2.5 Comparing the variables from previous research to this experiment 

The last three sections have illustrated the role that type of task, type of group and 

group size have played in GDSS research. Each one of the above factors has been 

manipulated as independent variables in various group studies. Although there are other 

independent variables which exist in GDSS research, only these were considered for my 

experiment because they dominaled the majority of the studies in GDSS. This section 

shows the link between my research and previous GDSS research in terms of the 

independentand dependent variables of my experiment. Table 2.2 provides a tabular aid of 

the variables which were used for my experiment as well as in the other experiments. 

These other experiments were used to help guide my research. The numbers lisled 

across the top column corresponds to references in the literature which most parallel my 

research. The corresponding references are listed by number in the bibliography of this 

thesis (0 corresponds to this thesis). The majority of the variables which are shown down 

the rows are the same variables which are tested and measured in my experiment. The 

dependent variables which are mentioned in the table are somewhat self explanatory. Yet, 

the dependent variables which are used my experiment are further explained in later 

chapters of this thesis. 
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Table 2.2: Table of various studies and their independent and dependent variables 

Variableslreference 36 23 13 80 108 100 34 55 38 102 3 0 

Types of groups electronidinter- x x x x x x x x x x x x 
used active (GDSS) 

electronid no x x 
interaction 

non- x x x x x x x 
electroniclinter-
active (freely 
inter.) 

non- electronic/no x x 
interaction (pooled 
indiv.) 

NGT/non- X' x 
electronic structure 
of task 

GDSS/disper.;ed x x x x 

GDSS anonymous x 

GDSS non- x 
anonymous 

Tosktype idea generation x x x x x x 

intellective x x x x x x 

deci~ion x x x x x x x x 
makinglprefer-
ence. voring, 

ranking 

Number of memhers per group 4 . 4 5 5.10 5 4.5 4 3 5,10 3-5 5 

Dependent I# non redundant x x x x 
measures ideas generaled 

# correct/feasible x x 
ideas generaled 

11 unique ideas x x x 
generaled 

decision quality/ x x x x x 
different e between 
experts and group 

subjeelive x x x x x x x 
mea~ure.~ 

(que~tîonnaire ) 

reach consensus x x x 

equality of x 
intlucnee 

* In this cell the group size varied 
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Within the GDSS literature, experiments are designed with the purpose of testing 

one or more independent variables. As with most Iabaratory research, except for perhaps 

exploratory research, the selection of the independent variables is based on examining a 

particular phenomenon which is hypothesized as being due to some causes. The next step 

usually is trying to isolate as best as possible those causes by testing them in a controlled 

environment. Often these "causes" can and should not be broken down to smaller, more 

measurable units without jeopardizing a large degree of realism. For example, if one 

wanled to investigate the d.ifferences in performance between groups which freely interact 

and pooled individuals, it would not be accurate to suggest that the differences are only 

due to the anonymous interaction of the pooled individuals. Other factors could play a 

major role in performance differences such as communication styles between the group 

members, or social facilitation or the Jack thereof (Erffmeyer and Lane, 1984; Borovitz et 

al., 1990) 

Although possible effects such as anonymity and group protocol type should not be 

separated and tested independently of one another in order to examine differences between 

~roup types, other effects are fine to separate and breakdown. For my experiment, I could 

have isolated a reason which I thought was producing differences between the different 

types of groups and tested that reason, yet, I did nol. Inslead I chose to test these group 

protocols, see what my results would be and then later evaluate what the cause or reason 

was between the d.ifferences in performance. There were two major reasons why I did not 

choose an independent factor (such as anonymity) to isolate and test between the group 

types. They were explained as: 

I) there is no one major factor (such as anonymity) found in the literature which 

influences all four types of group protocols, 

2) there might be an interaction effect between the different task types used in the 

experiment and the type of group protocol (e.g. it is not possible to follow the freely 

interacting group protocol and still maintain anonymity; once anonymity is controlled, it 

no Jonger is a freely interacting group). 

Errors due to interaction effects would not he deleetabie if we were to separate some 

factor and test it independently of group type. The exact independent variables in my 

experiment and the reasons for using them are given in the next chapter. 
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Chapter 3 

Literature Review of GDSS 

3.1 Introduetion 

This chapter links this experimental study to previous research and indicates how 

and why it is distinctive and different from prior studies, (Rudestam and Newton, 1992). 

AJthough many studies in the literature are related in some way to this study, only the 

most relevant studies --namely those from the literature pertaining to Group Decision 

Support Systems (GDSS) wil! be reviewed here. 

The chapter presents a literature review for each of the specified task types along 

with a discussion of how the literature relales to my experimental study. lt concludes by 

summarizing for the reader the argumentation about how my experimental study was the 

logica! path to take based on the reviewed literature. 

3.2 Empirical group studies for each task type 
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Before the advent of GDSS, group research was carried out by psychologists, in the 

context of smal! groups. This traditional research usually tested performance between I) 

freely interacting groups and individuals whose ideas were pooled or 2) freely interacting 

groups versus groups which used the Nomina! Group Technique or Delphi Method. Such 

studies are the benchmarks of group research and many (if not all) new theories and/or 

ideas about GDSS are based upon them. These benchmark studies are not reviewed here; 

a summary of their results will suffice. lnstead, this chapter concentrales on current studies 

in the GDSS literature. In order to keep the discussion focused, the dependent variables 

actually employed in the current research will be used to organize the discussion, although 

the literature does measure and report additional dependent variables. 

Both the summary of the benchmark studies and the reviews of GDSS literature are 
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presenled in terms of the three types of tasks utilized in risk analysis: brainstorming, 

selecting, and prioritizing ideas. Empirica) studies of brainstorming are discussed in the 

next section; empirica! studies of intellectual and preferenee tasks are discussed in section 

3.2.2. All the studies reviewed in this chapter and their variables are displayed in Table 

2.2. 

3.2.1 Empirica! results of brainstorming tasks 

Results of benchmark studies - The benchmark studies compare (a) individuals who 

are instrucled to use brainstorming rules, whose ideas are then statisticaJiy 

combined, (b) freely interacting groups, and (c) groups using the NGT. The freely 

interacting groups are less effective than pooled individuaJs, who generale many more 

ideas and more creative ideas (as rated by judges). This result is robust and general across 

many studies, even when the redundancies are eliminaled and even though the ideas 

generaled by individuals using NGT are completely anonymous and are generaled without 

the aid of piggybacking. Groups using the NGT may be superior both to freely interacting 

groups and to pooled individuals, aJthough empirica! evidence supporting this superiority 

is oot as strong as the evidence supporting the superiority of pooled individuals over freely 

interacting groups. The main difference between groups using the NGT and pooled 

individuals inst.ructed in brainstorming is the Jack of interaction between individuals and 

the subsequent Jack of opportunity to piggyback ideas. See McGrath (1984) for 

a more detailed sumrnary of these studies. 

Important GDSS studies - The studies reviewed in this section correspond to those 

marked with an "X" in Table 2.2 as being relevant to idea generation. Although their 

definitions of dependent variables, e.g. "decision quality" and "performance" may vary, 

definitions for each of the dependent measures will oot be discussed here, because it goes 

beyond the scope of this thesis. Readers interested in particular definitions should review 

the particular studies. 

Gallupe et al. , (1991)- Gallupe and his colleagues (Gallupe, et aJ . 1991) had 

deterritined that production blocking was the best explanation of productivity toss in 

brainstorming groups. Production blocking occurs when group members cannot express 

their ideas to the group. For example, when someone else is taJking, group members must 
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hold their ideas until it is their turn to talk. During this time, members cannot think of 

new ideas or, if they do, they often forget the old ideas. Consequently, group members 

produce more ideas than the situation permits them to record. 
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The researchers set out to delermine whether a new brainstorming technique using a 

GDSS tooi called "Eiectronic Brainstorming" could reduce production blocking and other 

common process losses (such as social loafing and evaluation apprehension) associated 

with group brainstorming. Electronic Brainstorming is the use of computer technology 

(GDSS) to facilitate the recording and exchanging of ideas by all members of a group. 1t 

allows group memhers to "talk" and "listen" simultaneously, without interruption. Group 

members can type their own ideas and read someone else's without disrupting the group. 

By viewing other people's ideas, each group member is encouraged to generate new ideas 

and exchange them with the group. 

They hypothesized that groups that interacted electronically would produce more 

ideas than would computer-aided nomina! groups (a form of pooled individuals). In 

addition, they hypothesized that unaided nomina! groups (pooled individuals as described 

earlier) would outproduce unaided interactive groups (freely interacting groups). 

To compare the number of nonredundant ideas generated, the researchers used a two 

by two factorial design. The two independent variables were group type (nomina! vèrsus 

interactive) and technology (computer-aided or unaided). The four treatments were thus: 

computer-aided nomina!, computer-aided interactive, unaided nomina!, and unaided 

interactive. They expected the paoled individuals (computer-aided and unaided) to produce 

equivalent results due to a technology-by-group-type interaction effect. The one hundred 

sixty students who participated in the study were randomly assigned to groups of four 

persons, which were then assigned to one of four treatments. 

The subjects were presenled with the "Thumbs Problem", which has been used 

extensively in brainstorming research. Individuals are asked to generate ideas about the 

practical benefits or difficulties which would arise if, beginning next year, everyone had 

an extra thumb on each hand. Individuals in the nomina! groups (both forms of paoled 

individuals) recorded their own ideas either on paper or via computer, without 

communicating their ideas to one another. Individuals in the computer-aided groups both 

interacted and recorded their ideas using the computer. Individuals who participated in the 

unaided interactive groups verbalized their ideas to one another. 
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Results showed a significant technology effect, with both types of computer-airled 

groups generating more ideas than the two unaided groups. There was no effect for group 

type (nomina! versus interactive). Computer-airled interactive groups produced more ideas 

than did unaided interactive groups. The group which the highest number of nonredundant 

ideas generaled was the computer-aided nominal group, although its outperformance of the 

computer-airled interactive group was not statistically significant. 

The results are mixed as to whether or not production block.ing is "the" reason that 

brainstorming groups do not perform as well as nomina! groups. An analysis of ex-post 

questionnaires indicated that computer-airled interactive groups found the idea generation 

task easier than did people in the unaided groups. The researchers interpreled this as 

consistent with a reduction in production blocking, since it is counter-intuilive that people 

find typing ideas easier than writing or speak.ing them. One possible explanation offered 

by researchers to account for the apparent "ease" of typing was that people might have 

been more concise when typing, as opposed to writing things out in longhand. In addition 

to suggesting that production blocking was the main factor that influenced performance, 

the researchers suggested that anonymity may have played a major role, although this was 

nol tested. Memhers in the compuler-aided groups did nol know which ideas carne from 

which participant, which might have led to a lack of evaluation apprehension, helping 

them express more ideas. In any case, the researchers recommended conlinued efforts to 

narrow down the possible factors which affect group brainstorming such as group size, 

technology and group type, among others. 

Beauclair, (1989) - Beauclair's (1989) workis related to that of Gallupe and his 

colleagues, but the focus is slightly different. Her study examines the effect of two types 

of tools (which correspond with two task types) on the four kinds of small decision 

mak:ing groups commonly used when a group uses a GDSS. The task types are (a) 

brainstorming and (b) voting/rating (for more on voting/rating, see section 3.2.3 below). 

Beauclair saw thal in GDSS research, positive changes emerged by the introduetion of 

GDSS in the group process. But GDSS studies combined performance on two separate 

tasks/tools and thus cont~lined convoluted results, making explanations of the reasons why 

groups performed better using a GDSS unsatisfactory. Beauclair wanled to identify the 

characteristics of GDSS that actually contributed to positive results, and therefore wished 
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to design a study that could exarnine each of the separate tools of GDSS and assess the 

effect of each tooi on group performance. By examining these tasks/tools individually, 

Beauclair hoped to delermine whether or not these tools actually contributed to positive 

outcomes. 
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Beauclair expected to find two main effects of computer intervention. She 

hypothesized that computer brainstorming and computerized voting/rating would result in 

higher quality interaction as judged by outside raters. She used a two by two factorial 

design and manipulated: the presence or absence of computerized brainstorming and the 

presence or absence of votinglrating. She predicted that the groups which would perfarm 

the best would have used computerization for both brainstorming and voting/ranking. 

Although no formalized prediction was made at the group level, it was assumed that 

decision quality would be higher for the computerized groups due to the influence of the 

GDSS. 

The 86 undergraduate students who participated in the study were randomly assigned 

to the different conditions. The sessions took place at the group decision Iabaratory of the 

researcher's university. Group size varied from three to five memhers per session. Varying 

group size, Beauclair thought, would help ensure that results would be generalizable across 

more than just five memher groups. There is no explanation provided, however, of the 

metbod used to alter group sizes. All groups received some form of training on group 

decision making and the groups which used the computerized support also received 

information relevant to computer use. Control groups (manual groups) had an easel, a flip 

chart and markers for public display. All participants had a pen and paper. A facilitator 

was present during all sessions, but her role was only to answer technica! questions about 

the GDSS software. 

Each group read a case study of the decision problems. After reading the case study, 

control groups were ready to begin. The GDSS-aided groups received a brief orientation of 

the system befare they began. The system was menu-driven and did not need a moderator. 

The groups were told to alert the facilitator when they were finished. Questionnaires were 

handed out both to the group and the individuals after the session was over, asking them 

to justify their particular decisions. 

Results showed neither of the predieled effects: quality of interaction was not 

significantly higher in groups with computerized brainstorming and computerized 
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voting/ranking than in those groups without this tooi. Also, the quality of interactions in 

the combined condition was not of a higher caliber than in other conditions. In the 

_ conditions tested, Beauclair found no statistica! differences produced through the 

introduetion of GDSS. 

To explain why she did not obtain the expected results, Beauclair questioned her 

theoretica! premise and reviewed her measures and experimental set up, i.e. whether the 

measure of decision quality was insufficiently discriminating or too limited for the study. 

She also reviewed the design of the experiment, and the possibility that the technology 

might fail to have a profound effect on small decision making groups when introduced in 

isolation or without tailoring it to the group that was using it. 

Beauclair ruled out a problem with theory, since the theory wasbasedon sound, 

long-established group principles. Further, the experiment was not designed to prove or 

disprove a specific theory. The experimental design was deemed appropriate because the 

experimental environment was more rigorous than in previous research. She did concede 

that her choice of subjects might have been inappropriate because the subjects (unlike a 

natural group) had no stake in the outcome of the decision. Beauclair suggested that the 

non-significant results could indicate that the GDSS in isolation is less effective than was 

originally thought, and perhaps is effective only in eertaio circumstances, e.g. within 

a eertaio rangeof task levels-of-difficulty. She suggested that in the "wrong" conditions, 

GDSS might even damage group interaction and effectiveness although she did not 

speculate further as to which kinds of situations that might be. 

The GDSS software used in Beauclair' s experiment was less advanced than it might 

have been in terms of graphics and tabular representations. It is possible that future GDSS 

software, with more developed interfaces and functionality, could very well change the 

outcome of the study, as Beauclair herself suggests. 

Regarding her choice of subjects, Beauclair suggested that because the subjects in 

her experiment did not know each other (as might be the case in a real organization) there 

were no status differences between the subjects and they were neither afraid to speak out 

in the group sessions nor afraid of losing their jobs, therefore eliminating the need for 

anonymity within the group. Thus the differences that might have been produced by these 

factors, and by anonymity, would have been difficult to determine. 
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Jessup and Tansik, (1991)- Jessup and Tansik, (1991) designed a study totest two 

independent variables: "anonymity" and "proximity" on performance in groups. These 

researchers acknowledged that in social psychological research, anonymity and proximity 

are we11 doeurnenled in smal! group performance. In addition, some researchers (Nemeth, 

1986) claim that participation coming from group memhers who do not share the opinion 

of the majority of the group may lead to a greater examination of ideas and novel 

solutions; therefore, performance on creative tasks can be improved via anonymous 

communication. They also recognized a gap in the GDSS research by staling that there are 

few empirica! studies which investigate anonymity and proximity: two important 

components inlegral in GDSS design. The designers of GDSS systems assumed, based on 

tbe social psychological research, that structuring the group process by varying the group 

memher proximity and anonymous interaction would help overcome process losses 

resulting in poor performance. Jessup and Tansik suggested that anonymity and reduced 

group memher proximity lead to "deindividuation" i.e. individuals in the group act as if 

they are submerged in the group and are nol insistent about expressing their preferences 

(Jelassi and Beauclair, 1987). If group memhers do not think of themselves of individuals 

(while they are in the group) but as group members, they cannot be singled out by others. 

Some researchers suggest that deindividuation results in a reduction of normal inner 

restraints, enabling group memhers to engage in behavior that they would not ordinarily 

display (Festinger et al., 1952). 

Social psychological research shows that anonymity and proximity contributes to 

deindividuation, but it is not sure what effect deindividuation has on group performance. 

Positive things can be said about the benefits of deindividuation e.g. people who know 

that their ideas won't be criticired might be more likely to be creative and volunieer an 

idea that they normally might not have contributed. However, the opposite is also possible; 

that deindividuation causes negative behavior. With deindividuation, group memhers may 

not contribute at all because they do not think that anybody will notice their Jack of 

participation. Another negative effect may be that group memhers might engage in deviant 

behavior which is harmful to the group because they think that they will not be 

discovered. Deindividuation is still under evaluation for group processes. Namely, Jessup 

and Tansik (l991)'s study concemed this evaluation of group members. 

1t was proposed that for their study, the work groups would experience the positive 
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impacts of deindividuation since the group memhers in their experiment worked together 

interactively on a task of relevanee and interest to them. Jessup and Tansik argued that, 

"The intrinsic motivation of the task will serve to control behavior and deindividuation 

will thus enable group memhers to more freely express ideas and opinions". They went on 

to hypothesize that: group memhers working under conditions of anonymity and physicaJ 

separation will generale more comments and ideas than group memhers who are identified 

and work in the same room. 

A two by two factorial experiment was designed with random assignment. The frrst 

factor was anonymity: group memhers were either identified or unidentified. The secood 

factor was proximity: memhers met either face to face or were dispersed. They used four 

member groups. Participants included upper level business school students. These students 

did not have a fully developed history nor reaJly ever worked logether in such a team. The 

GDSS was Groupsystems and the sessions occurred at the University of Arizona's 

decision room. 

Subjects were required to electronically generale ideas over the parking problem at 

the university. Subjects were asked to give workable solutions to solve the university's 

parking problem which would later be checked with experts in traffic management. This 

task was thought to have real relevanee to the students at the university, which would 

provide motivation to do the experiment. Using the Electrooie Brainstorming tooi from the 

GDSS, group memhers began by typing their responses to the question. After they typed a 

response, they sent it to the pubtic screen for the other group memhers to view. They then 

typed a new response when they thought of one, until they exhausted their ideas. 

Anonymity was manipulated via the software which either attached user narnes to the 

ideas or left comments unidentified. Subjects in the nonanonymous condition could clearly 

see their narnes on the public screen next to their comment. Proximity was manipulated by 

havirig subjects work in the same room or on terminals in separate private rooms where 

they could nol view each other. Each group worked with the facilitator in the decision 

room for one hour in order to get used to using the GDSS and solving problems as a 

group. The groups were given thirty minutes to generale and evaluate the responses using 

the brainstorming toot. Group members worked alone via the system. TaJking was not 

perrnitted. 

Results showed a Jack of significanee between the four conditions for the hypothesis 
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that there was a difference in the number of original solutions generated. There was 

however a weak but significant main effect found for anonymity. The difference between 

the other three conditions and the anonymous and identified groups was reflected in the 

total number of comments generated. The anonymous/identified group's performance did 

better than the other groups and nearly achieved statistica! significance. There was also an 

interaction effect between anonymity and proximity. The highest number of comments 

were made in the anonymous/dispersed condition, while the least were made in the 

identified/face to face condition. 

The experimenters concluded that despite the fact that there were not any main 

effects for anonymity and proximity, these two factors influenced the group process. They 

believe that people woricing anonymously and separated have different performance than 

people who are identified and woricing in the same room. The researchers did not find 

differences in the quantity of the ideas between these two groups but found that 

anonymous and dispersed groups engaged in a more thorough treatment of the altematives. 

They suspeeled that the Jack of significanee for measuring "quantity of ideas" was due to 

the type of task used. The researchers thought that since there is a smal! number of 

workable solutions to the experimental problem, that every group exhausted all of the 

solutions, thereby rnaicing it difficult to find differences between the different conditions. 

The researchers also admitted that their experiment was nol without its limitations. 

They thought that testing only one type of task during one phase of the GDSS process 

could pose difficulties when trying to generalize the conclusions. The researchers said that 

replicating this experiment using other group approaches such as the Delphi technique 

might help sort out some of the conflicting interaction effects between the two 

independent variables. They also began to suggest that eertaio conditions (e.g. 

anonymous/dispersed) might be more suitable for eertaio types of decision probieros such 

as when a free flowing exchange of short ideas is best and where a clear statement and 

understanding of the problem is required. Although the number of merobers per group was 

held constant and combining the outcomes of different groups was not attempted, it is not 

to say that group size or type of group does nol have a major impact on group 

performance as does anonymity and proximity. The next study reviewed examines the 

differences in performance for group, subgroup and pooled individuals during idea 

generation and tries to delermine which of these three conditions by varying group size 
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produces more ideas with higher quality. 

Dennis, Valacich and Nunamaker, (1991)- Dennis, Valacich and Nunamaker (1991) 

tried to delermine if it is more effective to organize group merobers into one large group, 

several smaller groups or individuals whose answers are pooled after the experiment. As 

discussed earlier, previous research about pooling individuals' ideas after idea generation 

and comparing them to the same number of individual's ideas who participated in a face 

to face group shows overwhelmingly that individuals generale more and higher quality 

ideas. Along the same lines of "less is more", research in nonGDSS environments have 

found that generating ideas in a sub-group produces more ideas than working as one 

group. In light of conflicting GDSS literature which found GDSS groups to eliminale 

many process losses while enhancing process gains, these researchers deemed it 

worthwhile to review two of their previous experiments from a different perspective. 

Namely, how should groups organize themselves to generale ideas most effectively? 

Dennis, Valacich and Nunamaker, (1991) used previous studies which were already 

compieled and reexamined them by grouping the data into different group and subgroup 

sizes. Three modes of group interaction were used: a single group, multiple smaller sub

groups working separately whose results were pooled and individuals working separately 

whose results were pooled. They hypothesized that groups which were supported by a 

GDSS to perform idea generation tasks would generale more ideas than the same number 

of participants working in nomina! groups (pooled individuals) or several smaller sub

groups whose results are pooled. 

This hypothesis was examined on two sets of data for two different experiments, 

both of which shared the same two stage research design. This experiment took place in 

the largest decision room of the University of Arizona. In the original experiments, 

subjects (business students) were asked to generale all possible stakeholders that rnight be 

involved in the experimental case description. The case description involved a proposal for 

business students to have access to a microcomputer at the university. The experimenters 

feit that this topic would interest the subjects and generale high involvement amongst 

them. In all of the group conditions, subjects used the GDSS. Even in the pooled 

individuals conditions, the comments were recorded electronically by way of each 

individual typing their ideas into the computer. In the sub - group and large group 



Literature Review of GDSS 35 

sessions, comments from the other group memhers were displayed on a public screen. 

Subjects had some time to become familiar with the GDSS via a video. The subjects were 

then asked to generate ideas with the knowledge that judges would later on rate their 

ideas. They had 30 minutes to perform this task. 

For the first experiment, Dennis et al. took the data from the groups/individuals and 

randomly pooled them together. For the first experiment, the large group consisled of 18 

members, two intermediale subgroups of nine and three memhers and then pooled 

individuals (group size 1). A program randomly selected unique groups (or individuals), 

without replacement, from the set of available groups to form larger groups. The program 

counted the number of unique ideas and the total quality score (by taking the sum of the 

judges' mean ratings for all unique ideas generaled by the group). Some individuals and 

sub - groups had to be used more than once but all pooled groups were unique. 

The second experiment differed only slightly from the first experiment. First, the 

group sizes were changed to 12 for a large group, and four for the sub - groups. The 

second difference was that the subjects were motivated by a $5.00 cash prize given to 

each memher of the group whogeneraled the most ideas. Lastly, the experiment was 

conducted in a different decision room at the same university. ldeas were pooled in the 

same way as the first experiment. 

Results showed that the larger groups outperformed the equal number of memher sub 

- groups and paoled individuals in both experiments. In the first experiment that result 

was significant twice in the case between the 18- member groups and the pooled 3-

member groups and between the pooled 9- member groups and the pooled 3- member 

groups. In the second experiment, statistica! significanee was obtained between the 12-

member groups and the 4- memher groups, between the 12- member groups and the 

paoled individuals and between the 4- memher groups and the pooled individuals. 

This research is the first documented case ever in which groups have outperformed 

paoled individuals and sub-groups at i de a genera ti on. In this study, process gains from the 

group interaction were stronger than the processes losses to yield an overall balance which 

was favorable for the larger groups. This study has challenged the findings of more than 

80 studies which compared performance of paoled individuals with the same number of 

people in a face to face group. Judging from this study, it would seem that the standard 

findings do not hold true in a GDSS environment. This would imply that there exists more 
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knowied ge in larger groups than in pooling smaller sub - groups because synergy is not 

lost in a larger group. There are also other ways to maximize the amount of knowledge 

present in the group while keeping synergy high. The last reviewed artiele in this section 

states that it is possible to rnaintaio group size but still increase the knowledge in the 

group by having little overlap of knowledge expertise between members. The Jack or 

overlap of knowiedge/expertise is called "logica! si ze". 

Valacich et al., (1993)- Valacich et al., (1993) investigated the effects of physical 

group size (5 and 10-member) and logica! group size (i.e., group heterogencity in regard to 

task demands) on the performance of groups actdressing an idea generation task. The 

researcher's objective was to examine the extent to which group size enhances 

performance when memhers are performing a hidden profile task. A hidden profile task is 

a task where each memher possesses unique, task relevant information. Usually, this 

unique information is in the form of roles which are played out within the group. These 

roles would be thought of as expertise in a particular area which is then brought into the 

group in order to help solve the group problem. Knowledge can be brought into a group 

one of two ways. The first way is, every group memher could possess all the needed 

information to solve the problem, i.e. each memher has the potential to contribute their 

own knowledge equally to the group. The second way is that each group memher could 

possess unique knowledge which noother group memher has, i.e. each memher has the 

potential to add knowledge to solve the problem which the other group memhers cannot 

do. The first case, where group memhers have overlapping knowledge are called a 

homogenous group. The second case where group memhers possess unique knowledge can 

be considered a heterogenous group. 

Previous research tested whether or not large groups performed better than small 

groups. The premise was that larger groups would have more resources than smaller 

groups, hence possess more knowledge within the group. However, time and time again 

this premise was refuted in many studies. Although the knowledge might have been 

present in the Jarger groups, process losses became too large and thus interfered with a 

potentially good outcome (the potential process gains). Since GDSS's have been in use, 

similar studies have been performed for brainstorming tasks which used larger groups 

which communicated via a GDSS. These studies showed that GDSS's could be very 
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effective, despite the fact that the potential for process losses was high. Steiner (1972) 

suggests that even when process losses can be reduced, adding additional group merobers 

can bring diminishing returns to the overall group performance, especially when the 

additional members possess highly homogenous task knowledge. What is the optimal 

group size? Valacich et al. (1993) states that, "It should be moderated by the relationship 

between the complexity and diversity of knowledge domains required for successful 

completion of the task and the skilis and knowledge of the available group members, i.e. 

the logica] size of the group in relation to the task". Here, heterogeneity of the group 

refers only to the task relevant knowledge in relation to the task requirements. 

Valacich et al. ( 1993) hypothesized that the performance of heterogeneous groups 

will improve at a higher rate for increased group size than will the performance of 

homogenous groups. They designed as an experiment which used a two by two factorial 

design with group size and logica! size as the two independent variables which were 

manipulated. Group size consisled of two levels: 5 and 10 person groups. The logica! size 

also had two levels: providing subjects with all task information, or partial task 

information. An explanation of how logica! size was manipulated is discussed in the next 

paragraph. The subjects which consisled of business students were randomly assigned to 

either a ten or five person group and also randornly assigned to information treatments. 

The task used was the School of Business Policy Task which required the subjects to read 

their particular role of a case description and generale ideas regarding how to resolve the 

issues in the case. Each group used a type of electrooie brainstorming tooi in which they 

were asked to communieale only with typed interaction. Verbal exchange was not 

permitted. 

Each of the five roles were assigned by the experiment to the participants by 

handing them the appropriate case description. In the case of the 10- member heterogenous 

groups, there were two people who received the same description. In the homogenous 

condition, each group memher (whether it was a 10 or 5- member group) received the 

exact same information, which was a conglomeration of all the individual roles. Extra time 

was given to the heterogenous groups to read the description because they had a lot more 

information to comprehend as opposed to the homogenous groups memhers which only 

had their own role to understand. Each role contained some information that pointed to a 

decline in the quality of instruction as the dominant problem in the case along with some 
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distracting information that was not relevant to any of the problems in the case. The only 

way that the heterogenous groups could come to a resolution of the problem was to 

coordinate their efforts and combine their knowledge. The coordinative complexity of the 

case was increased by splitting a piece of valuable information across two roles. 

Therefore, this information could only be used when the participants cooperated with each 

other and shared their information. 

Dependent measures included the total number and the number of unique solutions 

generated by the group. Furthermore, the researchers judged the quality of the ideas 

through the feasibility of the salution as specified by the school administrator and 2 

faculty members. A team of 13 raters used a multiattribute scoring tooi to assess the ideas 

in terms of their feasibility as well as how well it solved the problem at hand. The best 

kind of idea was an idea which was highly feasible and also solved the problem. 

Statistica] results showed that group size interacted with group heterogencity which 

resulted in the performance of heterogenous groups increasing in concordance with an 

increased group size, more than homogenous groups. All three dependent variables 

supported the above statement by obtaining significance. Simply stated, the 10- memher 

groups, regardless if they were heterogenous or homogenous performed better than the 5-

member groups. Although the hypothesis was supported, there was another interesting 

result. Small homogenous groups did better than small heterogenous groups. This would 

imply that only the Iarger groups benefitled from enhancing group synergy, not the smaller 

groups. The researchers concluded that group size is an important factor which requires 

further testing. Practical implications relate both to group size and composition. Valacich 

et al. ( 1993) states that although it may be beneficia! to have a heterogenous group 

address organizational problems of this sort, groups which are too heterogenous may have 

difficulties integrating their information together. Furthermore, smaller groups do not 

necessarily benefit from a GDSS, nor from a heterogenous group composition. The next 

section reviews several studies which focus on groups which perform choice type tasks, 

i.e. intellective and preferenee tasks. 

3.2.2 Empirica! results of intellective and preferenee tasks 

Results of benchmark studies - McGrath ( 1984) has summarized the benchmark 

studies for group judgements given below. Group judgements can occur in both 
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intellective and preferenee type tasks. However in this thesis, the empirica! studies are 

discussed in a broad capacity without trying to force them too much into a particular task 

category. Studies relating to the accuracy judgements for freely interacting groups 

compared to pooled individuals led to mixed results. However, there are some reasonable 

conclusions which could be drawn, based on the research, such as: freely interacting 

groups are always more accurate than their average member (pooled individuals), 

especially for problems with some complexity. The difference between the accuracy of the 

pooled individuals and the accuracy of interacting groups is construed as process losses. 

Various researchers used this research premise of process losses to help invent techniques 

such as the Nomina! Group Technique (NGT) and the Delphi Technique. However, there 

is extremely limited evidence comparing the NGT method in relation to freely interacting 

groups. Furthermore, there is by no means factual support which states that the NGT does 

any better than the pooled individuals or freely interacting groups. 

Winniford, (1991) - The first study which is reviewed in this section was the only 

one of its kind. Winniford, ( 1991) is the only researcher to examine outcomes in electron ie 

voting as compared to face to face voting. The research issues deal with the effect of 

group size and voting behavior on group performance. More specifically, the study 

describes the results of examining medium sized and smal! sized group performance by 

using or not using GDSS support. The majority of group research which has tried to 

measure the effectiveness of manual versus electronic groups using intellective tasks, has 

been primarily conducted with small groups consisting of less than six members. In these 

smal! group experiments, group decision quality was either better or equal to manual 

groups' (similar toNGT protocol) quality. Winniford concluded that depending on the 

task, large manual groups may achieve higher solution quality than smal! groups, however, 

efficiency may decline. Winniford hypothesized that using a GDSS will aid in the 

comrnunication process within the large groups by promoting synergy and decreasing 

process losses. 

Winniford used a two by two factorial between subjects design for her experiment. 

The two independent variables were group size with two levels (5 and 10- member 

groups) and the other independent variabie was group support (manual and GDSS 

support). The subjects were students altending the University of Arizona received course 
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credit and also were paid to participate in the study. The decision rule which was adhered 

to in the experiment was consensus. Consensus was defined here as a unanimous vote 

between all of the group members. The task was a simple product mix task. Everyone in 

the group was given separate profit information about one product. By combining this 

information effectively, a group would delermine the product mix which generaled the 

most profit The group outcome was not final until a unanimous vote was reached. They 

had one hour to complete this task. Students did not have the knowledge needed to solve 

this highly complex problem, nor would they recognize it if the optima! answer was 

presenled to them. Cooperation was essential in this task. The dependent variables which 

were measured were the number of votes until unanimity was reached, and the decision 

quality. 

Results showed that there was a large variability between the four treatment levels. 

Furthermore, there was a strong interaction effect between group size and the method of 

support for the dependent measure: number of votes until consensus. The large GDSS 

groups called for almost four times as many votes to reach consensus as the other 

treatments levels. The small GDSS groups did not significantly differ in the number of 

votes to reach consensus from the small manual groups nor did smal! manual groups differ 

significantly from large manual groups. In terms of the decision quality dependent 

variable, every group used in the study chose the optima! solution. This meant that no 

treatment group did better than any other treatment group. Although the task was complex, 

as many pieces of information had to be combined, it was relatively straightforward. It 

appeared that each member in the group shared their information with other members 

without hesitation. 

Winniford immediately stated that owing to the small sample size and the Jack of 

significant results achieved in the experiment, it would be irresponsible to draw firm 

conclusions. There was, however, a highly significant result for the number of votes to 

reach consensus, although there was an interaction effect present. Winniford explains this 

by admitting that there was perhaps an important flaw which was introduced into the study 

via the mechanism for calling a vote. In the manual conditions, calling for a vote consisled 

of someone in the group suggesting whether or not they should vote. The group members 

often discussed whether to call for a vote or nol, before actually calling for a vote. 

Essentially the decision for calling for a vote was accomplished before the forma) voting 
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began, hence consensus was already achieved. The GDSS condition differed by allowing 

the participants to push a button on the keyboard which caused a vote to automatically 

take place. This was definitely something which should have been corrected before the 

actual experiment began, perhaps in a pilot study. All in all, this experiment's results did 

not prove fruitful but the types of treatments and task which was analyzed could be fluther 

used in subsequent experiments of this kind. This experiment could definitely be 

considered exploratory. 

Tan et al., ( 1991) - The next study discussed presents the experiment of Tan et 

al. (1991). Tan et al.'s study investigated the effects of different levels of group support 

and different types of tasks on group decision performance. In GDSS "theory", Tan et al. 

concludes that task type has emerged as an important variabie in group performance, often 

accounting for more than 50 percent of the total variance. Furthermore, GDSS research is 

still unclear about the performance benefits of using a GDSS compared with manual or no 

support. They concluded that in spite of the importance of the task dimension, little effort 

has been made to investigate the systematic differences between task types and how these 

differences affect group performance. With the ex ception of one study, (Gallupe, 1985) all 

the other studies had drawn their conclusions based on empirica! evidence gathered with 

only one task. Tan et al. stales that studies which test different tasks in different group 

environments are missing and it is essential that this gap in current GDSS research be 

filled to provide the GDSS research community with a more complete perspective. Tan et 

al.'s study tried to bridge this research gap. 

The two independent variables from this study were the level of support and the type 

of task. The level of support had three levels: baseline (freely interacting groups), manual 

(structure support using a flipchart and written agenda) and GDSS support. The two types 

of tasks were an intellective task and a preferenee task. These researchers chose a group 

size of five members. The dependent variabie which was measured was "equality of 

influence". Equality of influence indicates the ex tent to which group memhers have an 

equal say in the group decision. Tan et al. suggested that the presence of structure 

provides a framewerk within the group which eneaurages all memhers to participate in the 

group decision. According to the researchers, groups which used a GDSS would also have 

the added benefit of anonymity which they feit would provide a more open environment 
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for the participants to express their most creative ideas. Their resulting hypotheses were 

that equality of influence would be higher in GDSS groups than in manual groups or 

baseline groups. Furthermore, they specified that manual groups would perform better than 

baseline groups. Their last hypothesis was that equality of influence would be higher in 

intellective task groups than in preferenee task groups due to the fact that there would 

probably he more agreement in the intellective task over the preferenee task. Their rational 

was that knowledge to complete the intellective task is based upon decision criteria 

already specified while in a preferenee tasks, all the group memhers have no shared 

common ground. In groups with a lot of conflict e.g. a preferenee task, group memhers are 

less likely to accept the views of the other group members. 

Each individual was assigned to one of the three types of groups. The baseline group 

received no support at all. If a subject was assigned to either the manual or GDSS 

treatments, they would be required to follow the agenda made available in the meeting. 

Half of the groups were required to perform an intellective task while the other half of the 

groups were required to perfarm a preferenee task. The intellective task consisted of 

having to score a list of competing job applicants based on six criteria. For the preferenee 

task, subjects had to allocate funds to a list of competing projects based on their own 

personal values. Although the tasks seemed very similar, one set of judgements was based 

on outside "objective" information, while for the preferenee task, the judgements were 

based on the subjects' personal (subjective) values. The procedure for both tasks was 

practically the same. The major steps were: I) warm up task, 2) individual leaming of the 

criteria (for the intellective task), 3) individual performance of task befare meeting, 4) 

group performance of task, and 5) individual performance of task after meeting. There 

were 380 participants in the experiment derived from a first year undergraduate computer 

science department They received course credit for their participation. 

Results indicated that equality of influence was not statistically higher for GDSS 

groups than in manual groups nor was it statistically higher in manual groups over 

baseline groups. However, equality of influence was statistically higher in intellective tasks 

than in preferenee tasks. The researchers explain their positive result which compared the 

intellective task's performance over the preferenee task by upholding the concept that: 

"The success of perfonning an intellective task is measured by the proximity between the salution obtained 
and the right answer. To improve the quality of such solutions, more knowledgeable group members should 

contribute more to the salution than other group members" . 
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They further suggest that despite the fact that there was an equality of influence found in 

the intellective task, that it is not necessarily a good indication of a high quality answer. 

For intellective tasks, higher performance should be obtained by using the added expertise 

made available by the memhers with more knowledge/experience. If everyone shared their 

knowledge equally, knowledge from the more experienced memhers is nol hamessed. The 

important implications of this study are: that group performance for intellective tasks can 

be characterized by the decision quality, while equality of influence is more critica! for 

preferenee tasks. Other researchers have come to similar conclusions (Kaplan and Miller, 

1987). The above implication explains that for each type of task, a unique set of critica! 

dependent measures are necessary. This condusion has important implications for future 

GDSS design. Tan et al. (1991) feit that it was still necessary to systematically test the 

effects of other task types on group performance. Many more studies need to be done in 

order to achieve consistent óutcomes with solid results. The next reviewed study maintains 

consistency via its outcome measures. 

Gallupe (1990) - Gallupe (1990) uses a choice type judgement task to test whether 

there are performance differences between individuals and groups. He claims that the usual 

comparisons which are made in group research include freely interacting groups with 

pooled individuals (the average individual) or the most competent individual in the group. 

Since the advent of GDSSs, it is no Jonger certain that the old studies' results (as 

explained in the benchmark studies section above) still hold. Gallupe's research question 

was: Does a GDSS effectively support the most proficient group memher or does the use 

of the GDSS, by encouraging more equitable participation and anonymity, suppress or 

enhance the most capable member's contribution? Two different experiments which used 

the same type of task, but two different GDSSs were used to determine the impact of 

using a GDSS on individual versus group performance. 

Gallupe used a multi- part judgement task that required groups to rank a set of 

altematives. This multi- part judgment task required a breakdown of the task into a 

number of components; each requiring various rating and ranking judgements. The group 

acted as a single unit while making each judgement. Each component unit is carried out in 

a strict order. Other researchers have labelled this type of task the Multiattribute Utility 

Analysis (MAUA) and have used this judgement technique in several studies (Edwards, 
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1977; Eils and John, 1980; Guzzo, 1982; Sulherland and Crosslin, 1989; Vogel, 1988). 

Each group memher did not know the absolute correct answer to the task (only an expert 

group did), yet the group knew enough to generale a reasonable solution. Gallupe 

hypothesized that in mul ti - part judgement problems, GDSS and nonGDSS groups will 

outperfarm the average group memher (pooled individuals). The second hypothesis was 

that in multi-part judgement problems, groups supported by a GDSS wil! outperfarm their 

best memher and groups not supported by a GDSS will perform equal to or less tban their 

best member. 

11Ie fll'St experimental study's performance data was derived by using the case 

"Canada Continuous Forms Company". The case described a company whose profits are 

slowly declining. The experimental groups' task was to delermine the cause of the 

company's problem using a series of business reports. The group memhers then bad to 

individually rank the causes from most likely to least likely. Finally, the group bad to 

reach consensus in the overall ranking of the possible causes. The independent variabie 

was GDSS support with two levels: GDSS support, and no GDSS. The dependent variabie 

was decision quality of the group, (for the best group memher and the average group 

member). Decision quality was measured by camparing how close the individual and 

group's rank.ings were lo those made by the experts. The subjects were 54 senior 

undergraduate business administration students. Individuals were assigned randomly to 

groups, to sirnulale a practical siluation where some memhers had worked logether before, 

but some had not. lndividual differences were spread across the treatments. There were 

three memhers in each group. Although both groups received instructions about concepts 

of alternatives generation, ranking and voting (in the GDSS environment), only the GDSS 

groups received an addilional refresher at the beginning of their experimental session. 11Ie 

GDSS software used for the first experiment was called "Decision Aid For Groups One" 

(DECAIDl). 

For the second experiment, the experimental task was exactly the same although the 

domaio was slightly different than in the first experimental task. Here, the case described a 

toy cómpany which had to decide on which information system project they should invest 

in. The group memhers were asked individually lo rank the projecls and then as a group 

reach consensus in the overall ranking of the projects. There were 93 students which 
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participated in this experiment as subjects. Subjects all had exposure to the theories of 

decision analysis, as did the subjects in the first experiment. They also were randomly 

assigned to conditions, as they were in the first experiment. Subjects were assigned to 

groups with either 4 or 5 members. The dependent measure used in this experiment was 

decision quality, measured using the same method as the first experiment. Lastly, the 

GDSS which was used was Plexsys system (an earlier version of Groupsystems) from the 

University of Àrizona. 

Results showed that the first hypothesis which stated that all groups whether they are 

GDSS or nonGDSS perform better than the group's average memhers (pooled individuals) 

was significantly confirmed in both the first and second studies. The second hypothesis 

was that GDSS groups outperfarm the group's best members. This hypothesis was not 

supported in either study. In fact, the opposite proved true. The best memher significantly 

outperformed the GDSS group in both studies. For the nonGDSS groups, the raw data also 

suggested for both study one and two, that the best memher did better than the group 

although this result was nol significant. Therefore, the nonGDSS group and the best 

merober solutions were considered equal. 

It would appear from these results that the advantages obtained from using a GDSS 

such as equal participation and anonymity were positive for the group memhers which 

were less knowledgeable, but worked against the best group members. lt seemed as though 

the GDSS did not allow the best group memhers share their knowledge in order to make 

the group more effective. lt also seemed that the best memhers of the group flourished in 

a nonGDSS environment. It could be that the GDSS environment, while doing a choice 

type task, restricts extraordinary group memhers and unintentionally promoles mediocrity. 

Another result which could have interesting implications is that pooled individuals did not 

succeed at all for this choice - judgement task. Further experimentation needs to be done 

in order to test both of these results again by checking their reliability in similar situations. 

Gallupe and MeKeen (1990)- Gallupe and MeKeen (1990) did a similar study 

which tested the effects of a GDSS for choice tasks where group memhers were either 

face to face or remote (dispersed). Although there were a number of dependent variables 

which were measured in this study, only decision quality and the associated hypotheses 

are addressed here. The researchers concluded that there was enough supporting evidence 
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to conclude that based on the empirica! research of face to face meetings, groups which 

used a GDSS produced higher quality decisions. Furthermore, the researchers concluded 

that despite the type of decision task, using a GDSS helped structure the decision making 

process which, in turn, yielded a higher quality analysis. In the computer-medialed 

conferencing realm, the researchers believed that GDSS's did not detract from the decision 

quality of the group. It was expected that remote GDSS groups would benefit from the 

structure and make higher quality decisions. The forma! hypotheses were: I) in face to 

face meetings, groups supported by a GDSS will make decisions of a higher quality than 

those not supported by a GDSS and 2) In remote meetings, groups supported by a GDSS 

wiJl make decisions of higher quality than those nol supported by a GDSS. 

The experimental task was exactly the same as the choice - judgement task used in 

the previously described experiment called the "Canada Continuous Forms Company". 

Reeall that the group's task was to delermine the cause of the decline in profits based on 

using a series of business reports. Group memhers were asked to rank the causes from 

most likely to least likely and then, as a group, reach consensus in what the overall 

ranking of the causes were. There were four treatments in this study: I) face to face 

groups which used a GDSS, 2) face to face groups which did not use a GDSS, 3) remote 

groups which used a GDSS and 4) remote groups which did not use a GDSS. Each subject 

was randomly assigned to a group of three individuals. For the GDSS treatment, a 

decision room was designed to accommodate face to face interaction. In this treatment, all 

three subjects conducted the experiment in the same room. The remote teealment used two 

other rooms in actdition to the decision room and placed one subject in each of the three 

rooms so that there was no face to face interaction. The GDSS software used was 

"DECAIDl ". The computer-medialed software used was called "Phone" which is a utility 

available on the V AX 111780 system which allows users to call up each other to have a 

"conference call". Each user could simultaneously see what the other user(s) were writing 

on their screen. There were 60 subjects which participated În the study who were all 

senior undergraduate business administration students. Individual differences were also 

taken into account and spread across the groups as was the case in Gallupe's previous 

experiment. The decision quality was measured by comparing the expert's ranks with the 

group's ranks. The less the difference, the better the rank. 

Results indicated that using a GDSS did not significantly improve the performance 
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for either the face to face groups or the remote groups. In fact, the researchers added that 

none of the treatments significantly differed from one another. The researchers mentioned 

that this finding was inconsistent with similar studies in the GDSS literature. Gallupe and 

MeKeen suggested that perhaps the experimental task was not complex enough to detect 

differences. They also stated that from their own observation, GDSS provided a different 

type of channel for the group members. In the remote setting, the GDSS affered a "richer" 

mode of comrriunication, while in the face to face setting, the GDSS tended to have the 

group memhers participate equally with a small degree of persuasiveness. The researchers 

highly recommended that more research be carried out which tests GDSS and other types 

of decision tasks in both the face to face and remote settings. The next study which is 

discussed in this thesis has the same objective of the Gallupe and McKeen's study: to 

investigate the effects of task type and communication medium on group decision outcome 

in supported meetings. 

Raman et al. (1993)- Raman et al. (1993) tested the above objective using both an 

intellective task and a preferenee task. The communication medium was varied between a 

face to face medium and a dispersed setting. Within the computer-mediated 

communication research, huge efforts have been devoted to understanding the relationship 

between the best type of communication mode which should be used for a particu1ar 

situation and/or task type. Communication media can vary in the method of transmitting 

information, either by providing a lot of information or a small amount of information to 

the user. Some people call this continuurn of information the rich-lean continuum. As 

explained by Raman et al., 

"This continuurn has four criteria which are used to decide on which side of the continuurn the 
communication media are placed. These criteria are: the availability of instant feedback, the capacity of 
transmining multiple cues such as body language, voice tone and inflection, the use of natural .language to 
convey subtleties, and the personal focus of the communication medium. Based on these criteria, a face to 
face setting provides decision making groups with rich communication medium than a dispersed meeting". 

Other researchers agree that face to face communication facilitates better decision making, 

over groups which meet in remote settings (Smith and Vanecek, 1988). 

How does the richness of the communication medium effect task type? Some 

researchers believe that in order to effectively solve a preferenee task, group memhers 

need to not only exchange facts and figures and to share personal preferences. Sharing 
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personal preferences involves a communication medium which is able to provide multiple 

cues, hence a rich medium. Conversely, an intellective task primarily involves sharing 

_ facts and figures. Personal preferences are not part of the problem solving procedure, 

hence a Jean information medium is best suited. However, these ideas about task type and 

information rich media have not been confirmed in many studies, nor have they been 

specifically tested in remote environments. Raman et al. thought that since a face to face 

setting offers too rich a communication medium for intellective tasks, an intellective task 

can better be performed in a remote setting. The researchers tested a few hypotheses 

however this thesis will only concentrale on one hypothesis, in relation to the intellective 

task. This hypothesis stated that for an intellective task, consensus change will be lower in 

face to face groups than in dispersed groups. Since the "right" answer for preferenee task, 

is often based on personal preferences, conflicts are likely to arise when groups memhers 

try to convince other group merobers that they should share the same views. Since a 

dispersed setting offers an environment which is too Jean in înformation cues, solving a 

preferenee task should be done in a face to face environment. Hence the second hypothesis 

of interest was: for a preferenee task, consensus change will be higher in face to face 

groups than in dispersed groups. Hence, consensus change was the dependent variabie 

which was focused on here. 

For Raman et al.'s study, a Iabaratory experiment which used a 2 X 2 factorial 

design was carried out. The two factors each had two levels. The factors were: type of 

task and setting, with levels intellective/preference and face to face/dispersed respectively. 

There were 5 memhers placed into each of the groups. The intellective task was deciding 

on a job applicant based on several attributes that each candidate possessed. The 

preferenee task was the Personal Trust Foundation task which required groups to allocate 

limited funds to a list of competing projects based on the personal values of the group 

members. Subjects were randomly divided into groups, some which perfonned the 

intellective task and others which performed the preferenee task. The subjects were 

computer science students from the University of Singapore. 

The fîrst task of the group was to obtain their respective task information. Next, the 

individuals in the group made their initia! judgements about the candidates/projects to be 

funded. The subjects were given training on the GDSS. Then the groups performed the 

same task in a group setting. Finally, the subjects performed the same task again to 
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delermine if their outcomes had been influenced by participating in a group. The GDSS 

which was used was developed at University of Singapore called SAGE. SAGE supported 

both the face to face and dispersed group treatments. In the dispersed setting, SAGE 

provided the subjects an extra window to exchange personal information. However, both 

the face to face and dispersed setting received identical structural support. 

For the dependent measure "consensus change", a scale from 0 to I was used. The 

higher the score, the better the ability of the group to move towards consensus. Results 

showed that there were no differences found between face to face groups and dispersed 

groups for the intellective task in their consensus change from pre-meeting to post

meeting. However, for the preferenee task, face to face groups achieved higher consensus 

change than clispersed groups. Therefore, the first hypothesis was not supported, but the 

second hypothesis was. 

These results can be si.lmmarized by saying that for intellective tasks, providing a 

rich communication meclium in the face to face setting did not hinder the ability of groups 

to reach consensus. For the preferenee tasks, the Jean medium which was used in the 

clispersed setting hindered the ability of the groups to reach consensus. Based on these 

results, there is a need to match the task demands with the type of communication 

medium used. These results showed that too Jean of a communication medium can damage 

the group's effectiveness while groups which had too rich a medium were not negatively 

affected. 

Clapper et al. (199/) - The Jast study of this thesis to be formally reviewed is 

Clapper et al. (1991). Their research focused on determining the impact of a GDSS on the 

ability of groups to influence the judgements of individua1 group members. This research 

was actually the predecessor of Raman et al.. Clapper et al. also believed that 

communication media should be applied to decision tasks in which it would help, not hurt 

the decision process. They also speculaled that richness of the communication mode would 

impact the performance on intellective and preferenee tasks (which they called judgement 

tasks). By placing all confederates in the group (which were designated by the 

experimenter), except for one subject, a highly normative situation was constructed. In 

other words, all of the group confederates were instrucled by the experimenter to take the 

opposite opinion of the one subject. In this situation, achieving consensus becomes a true 
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battle. The researchers wanted to campare the performance of three modalities: a face to 

face group with only manual support, a face to face group supported by a GDSS, and a 

dispersed group supported by a GDSS. 

They hypothesized several theories. Their first hypothesis was that different 

comrnunication modalities will result in a significantly different number of rounds required 

for the subjects to move to the majority position of the confederates. As a branch off the 

first hypothesis, they went on to hypothesize further: subjects in the leaoest 

comrnunication mode (dispersed GDSS) wiJl take more rounds to move to the majority 

positions than subjects in the rich modality (manual). The last two hypotheses applied to 

the particular task types. The third hypothesis was that subjects werking on an intellective 

task would take a significantly greater number of rounds to move to the majority position 

than subjects werking on judgement tasks. The fourth hypothesis was: subjects werking in 

manual groups on judgement tasks would take a significantly fewer number of rounds to 

move to the majority position than subjects in dispersed- GDSS groups, working on 

intellective tasks. 

The researchers used a three by two factorial design to test their hypothesis, One 

factor was the type of modality with three levels: dispersed GDSS, face to face GDSS and 

face to face manual. The second factor was task type: intellective and judgement. In the 

manual group, there was still control of communication by the experimenter. The 

experimenter told them who could speak and when they could speak. In the GDSS 

conditions, the subjects all interacted via the computer, verbal comrnents were not 

allowed. In all of the conditions, the confederates were trained in the responses that they 

should make in reply to whatever the subject said. They all had scripts which gave them a 

standard response, no matter what was said beforehand. The confederates tried to influence 

the subjeet's apinion by luring him away from the initia! position taken. Each group, 

regardless of the treatment consisled of four individuals: three confederates and one 

subject. The intellective task was based on an actual civil court case. The subjects were 

asked to decide on compensentory damages. For the judgement task. the subjects used the 

same court case and had to decide on exemplary damages for the plaintiff. The subjects 

were told that they had to arrive at a decision which would be acceptable to everyone in 

the group. Moving towards consensus would be accomplished in a series of rounds. For 

each round, they presenled their award and their rationale for why they feit that this 
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answer was correct. After the confederates (two moderate positions, one extreme) moved 

progressively away from the initia! subjeet's judgement, the three confederates arrived at 

an extreme position. These rounds continued until the subject changed his or her award 

amount to agree with the group or until the maximum number of rounds (ten) was 

reached. 
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The results supported hypothesis one: by demonstraling that different communication 

modalities were significantly different from each other. The second hypothesis which 

asserled that the number of rounds required for the subject to move to the group position 

would be greater for the Jeanest modality treatment (dispersed) as compared to the richest 

modality (manual) was also supported. The researchers noted that in the manual condition, 

all of the subjects gave in to the confederates' opinions while in a few of the dispersed 

and face to face GDSS conditions, subjects refused to give in to the confederates. 

Hypothesis 3 which suspeeled that there would be differences in the number of rounds to 

consensus for the two task types was not supported. However, while task type was not 

significantly different, there were differences among the two most extreme treatments, 

both in terms of support type and task type. In other words, there were significant 

differences between the manual groups working on a judgement task and dispersed groups 

working on the intellective task. Therefore hypothesis 4 was supported. 

It appeared from these results that groups working in a Jeaner communication 

modality affected the power of the group to influence individual merobers of the group. 

Furthermore, this research enforces the idea that carefut attention should be paid to 

evaluating the kind of communication modality that should be used for certain types of 

tasks, beforehand. 

3.3 Basedon the literature, where do we go from here? 

It was clear to me after reviewing the literature that there were still many gaps in the 

GDSS experimental field which needed to be filled. For example, camparing performance 

between groups which use a GDSS, groups which use the NGT protocol, freely interacting 

groups and pooled individuals. Figure 3.1 summarizes the current flaws of the GDSS 

literature and provides the reasons for executing this study. In order to find answers which 

would help fill these gaps, I decided that it would be worthwhile to do an experiment. In 
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section 3.2, all of the studies reviewed utilized variables which were possible 

considerations for my experiment, (see Table 2.2.). Based on these studies, the purpose of 

my experiment was to try and build upon the lessons learned, while also searching for 

something precedent setting. The primary difference between this study and previous 

GDSS studies was a fully integrated approach to comparing three different task types 

across four different group protocols. To justify this approach, many of the studies 

reviewed in the last section staled in their conclusions a need for continued research 

comparing group performance on different types of tasks (Pinsonneault and Kraemer, 

1990, Vogel and Nunamaker, 1990). Furthermore, the studies reviewed in this chapter 

revealed a need to tie in literature from the traditional group studies with studies from the 

GDSS field. 

The new GDSS literature is filled with ambiguous results, which do not facilitate a 

common knowledge base in GDSS. In some cases, the groups which use GDSS 

outperferm other kinds of groups, somelimes the GDSS groups perform exactly the same 

as the other groups, and sometimes the GDSS is worse than the other kinds of groups (Bui 

and Sivasankaran, 1990; Poole et al., 1989; Sambamurthy and DeSanctis, 1990; Schuman 

and Rohrbaugh, 1991 ). Researchers complain a bout a Jack of commonality between 

research experiments as well as a Jack of consistency in the variables tested (Srinivisan 

and Jarvenpaa, 1991; Pinsonneault and Kraemer, 1989). Tab1e 2.2 illustrates few studies 

which test many types of groups across more than one task type. Furthermore, out of the 

studies which test more than one task type, the dependent variables are often of a 

subjeelive nature. By subjeelive I mean, asking the subjects to self report on their 

satisfaction with the system. Although satisfaction of a system is important, there seems to 

be a need to use more quantitative dependent measures when accounting for subjects' 

performances. It was my intention to use more quantitative measures in my experiment. It 

was also my intention to try to resolve the conflict in results between literature from 

traditional group research and more recent GDSS research. 

In order to bridge the research gap discussed earlier, I wanled to compare groups 

which used a GDSS with three other traditional groups: groups which used the NGT, 

groups which freely interacted and pooled individuals. As the literature often 

demonstrated, it was not at all clear during all three types of tasks (brainstorming, 

intellective, and preference) which of the four types of groups would outperform one 
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GDSS Literature This study 

Group Protoeals Tasks Group Protoeals Tasks 

GDSS 
GDSS }{ NGT 1~rainstorming NGT Brainstorming 

Freely interactio hoice F I . I I' · Choice ree y 1n e rac mg 
Poeled individual udgement Paoled individuals Judgement 

Fuzzy because: ..... Why this study should be executed: 
~ 

.. different group protocols are tested wit~ different 
...... 

.. inte~rale~ approac~ olleslin~ ~roup prolocols an~ lasKs 
tas~s 

~ 

•• different perlormance measures & variables .. consislenl perlormance measures 
used in different studies 

....... 

- litlle or no consistency ol results belween t~e 
,... .. spans a wi~e number ol variables simullaneousl1 

group protocols and various tas~s types 
.. necessa~ lo oMain an un~erslan~in~ ol ~ow 

.. difficult to draw conclusions based on gat~ering l~ese ~roup proloco~ and las~ cypes eftecl 
data lrom different contexts and subject pools ~roup perlormance 

Figure 3.1: Current flaws of GDSS literature and reasoos for designing this study 

other. It was also unclear whether results from different studies could be combined easily. 

In other words, results which were derived from different studies could not merely be 

mathematically combined. This concept should be somewhat obvious if the following 
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example is used: If study I finds that group type A is better than group type B and study 

2 finds that group type B is better than group type C, one cannot draw the condusion 

across the two different experiments that group type A is definitely better than group type 

C. This first needs to be demonstraled in the same experiment. This is essentially is the 

driving force bebind my experiment. 

3.4 Performance predictions for each treatment per task type 

Both the goal and the research questions of my experiment are derived from the 

literature. My experiment's purpose is to bridge some of the gaps in the literature. The 

research questions are also directly taken from these gaps. The research questions all point 

to areas where there exists some uncertainty as to which type of group perfarms better 

than another. Since the GDSS literature has not really concentraled on inlegrating results 

from traditional research, owing to a possible lack of practical implications, making 

predictions about how a GDSS wil! campare to traditional techniques is not an easy task. 

Nonetheless, an attempt was made in this experiment to make predictions for each of the 

group protoeals across each of the task types. The predictions that are made in this section 

have a high degree of uncertainty, however, they do provide the reader some insight as to 

why the experiment was performed, and its expectations. 

Each of the three task types below has an associated prediction concerning the 

treatment which was expected to outperfarm the other treatments. These predictions were 

based on the combined benchmark studies with the GDSS studies reviewed in section 3.2. 

A short explanation is provided, while in Chapter 4, specific operationalized versions of 

these research questions appear in the form of hypotheses. 

Brainstorming task - According to benchmark studies, pooled individuals overwhelmingly 

generale more ideas than freely interacting groups. This has been shown numerous times. 

Since the advent of the NGT, the results seem to be rather obtuse. In many NGT studies, 

freely interacting groups, not pooled individuals, are compared with groups which use the 

NGT. In those studies, the NGT groups do indeed outperfarm the freely interacting 

groups. Based on a Jack of studies, it is not at all certain if the NGT perfarms better than 

the pooled individuals. This comparison has probably not been tested because pooled 
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individuals (by definition) use a similar technique for idea generation as groups which use 

the NGT. The only difference in technique is the potential synthesis present between 

individuals in a group. Since pooled individuals have consistently outperformed freely 

interacting groups by a large margin, it is logica! to hypothesize that pooled individuals 

would probably do better than groups which used the NGT, and freely interacting groups. 

When the GDSS studies are added into the equation, it becomes difficult to delermine 

what the prediction in performance should be for brainstorming tasks. It is true in a few 

studies which were reviewed in this chapter, that GDSS performance did perform better 

than pooled individuals, however only one study significantly proved this while the other 

study was somewhat weaker in its results. However, previous literature suggests that 

pooled individuals are outperforming GDSS groups, although this result may change if 

GDSSs functionally evolve. Therefore, the final prediction about each of the four group 

protocols, for the brainstorming task is: pooled individuals wil! perform best, foliowed by 

groups which use a GDSS, then groups which use the NGT and finally freely interacting 

groups. Hence, the corresponding research question for brainstorming tasks is: Will pooled 

individuals perform better than the GDSS groups, foliowed by the NGT groups and freely 

interacting groups? 

Intellective tasks - Original group literature suggests that freely interacting groups will 

outperform pooled individuals due to the fact that opinions and knowledge of the other 

group members need to be known before any effective decision making can occur. These 

results are somewhat strong in group literature, across many empirica! studies. The next 

factor to be added in is, "How do groups which use the NGT compare with the other two 

conditions?" Literature of this sort is sparse and nol conclusive enough to make 

predictions. Although, one thing ~ known: within the NGT, members are allowed to 

discuss their ideas and opinions, thus allowing for interaction to occur, yet a restricted one 

at that. A reasonable guess would lead one to believe that the NGT groups would probably 

perform better than pooled individuals, yet nol as welt as freely interacting groups. The 

major difference between the three group protocols for an intellective task is the level of 

shared opinion before the selection is made. The pooled individuals' protocol does not 

permit any sharing of ideas while the experiment is being conducted (due to its definition). 

The NGT allows in a restricted way group memhers to offer their opinions and then take 
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the average opinion of the group as the final selection. The freely interacting group 

probably combines the opinions of its members, but not necessarily in a systematic way. 

To confirm the above prediction, GDSS literature suggests that intellective tasks are 

performed better when the group members are able to speak their ideas and make them 

known, however, unequal influence between the memhers Is useful in order to utilize more 

knowledge from the more experienced group members. Since this idea of unequally shared 

participation has been put forth in the research, it has gained more support. To predict 

which of the group types will outperfarm one another, the concept of unequal participation 

is utilized. The group with the most unequal level of participation is probably the freely 

interacting group, foliowed by the NGT, GDSS and then paoled individuals. Hence, the 

above order for the protoeals is the prediction for the intellective task. Therefore, the 

research question for intellective tasks is: Will the freely interacting groups perfarm better 

than the NGT groups foliowed by the GDSS groups and lastly the pooled individuals? 

Preferenee task - The results from the benchmark studies stated that for judgement tasks, 

the freely interacting groups would perfarm better than the pooled inctividuals. The 

reason: hearing one another's input is an essential part of forming one's own opinion. 

Once again, information about how the NGT compares to these other two techniques is 

relatively unknown, and is therefore difficult to rank the NGT in relation to the pooled 

individuals and the freely interacting groups. Yet, in the same way that GDSS studies 

tested intellective tasks, they did so for preferenee tasks. These studies concluded that 

performance for a preferenee task is higher if the equality of the influence of each of the 

memhers (i.e. the participation) is equal. High performance for a preferenee task is 

measured via a comparison to an expert. The smaller the difference between the expert 

and the group answer, the better the performance. Because preferenee tasks are mainly 

successful when a consensus (a high level of agreement between the group members) is 

reached, it is hypothesized that group memhers which can share their information most 

equally will be the most successful for preferenee type tasks. Therefore, the predieled 

order for the best performance of the four group protoeals are: the GDSS groups, the NGT 

groups, the freely interacting group and lastly the pooled individuals. Henee, the 

corresponcting research question for preferenee tasks is: Will the GDSS groups outperfarm 

the NGT groups foliowed by the freely interacting groups and the paoled individuals? 
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These research questions will be modified for each of the hypotheses to include their 

associated dependent measures and can be found in the next chapter. The next chapter 

provides a more operational approach in looking at these research questions in relation to 

the experiment. 
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Goal, Research Questions and Merries 

Chapter 4 

Goal, Research Questions and Metrics 

The main aim of this chapter is to familiarize the reader with the rationale of this 

research usîng a step by step approach, by introducing the subtopics of this chapter in a 

chain-like fashion, (s.ee Figure 4. 1). Using Figure 4.1 the reader can easily grasp the 

sequence of topics. In Figure 4. I, there are five steps which show the logica! thought 

process used to form this chapter. Each step represents a subseclion of this chapter. 

O:otlll (3.1) 

~·~~-aptdfleand~(U) 
--

,---------'-······------~ 

Figure 4.1: Different subse<:ûom of this chapter 
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4.1 Goal 

There is one major goal of this research, along with one resultant benefit which is 

obtained by executing the research. The major goal refers to the key area of research 

(GDSS) and the added benefit relales to the application area of risk analysis. The main 

goal of this thesis is: 

To compare the performance of groups which utilize a GDSS with traditional group 

approaches for specifrc dec is ion tasks. 

In order to explain this goal, it is necessary for the reader to understand the different 

stages of the decision making procedure. Unfortunately, there is no commonly accepted 

model of decision making, despite the fact that there exists a plethora of research in this 

topic area. Harrison ( 1981) points out, ratio na! models are the classica! or traditional 

approach towards decision making, initially formulated by economists. Rational choice 

models specify how to make decisions that wil! maximize objective or subjeelive 

rationality. Rationat choice models assume that the decision process consists of a fixed 

sequence of essential steps (Eilon, 1969). The number of steps varies from theorist to 

theorist. Sirnon ( 1960) for example, proposed the following three decision phases: 

I) intelligence activity - recognizing probierus and opportunities 

2) design activity - finding or developing possible solutions 

3) choice activity - evaluating alternatives and selecting the best one 

The following set of decision steps is typical of some of the more elaborate rational choice 

models: 

I) recognition of problem 

2) diagnosis of problem 

3) generale alternative solutions 

4) evaluate alternative solutions 

5) vote and/or select alternative solutions 

6) plan/execute alternatives 

Many people might look at the above steps and already be somewhat farniliar with these 

steps. In fact, many managers in organizations do many if nol all of these steps when they 

approach an important decision. Risk analysis was derived from these steps and modified 

to suit a project management type of environment. Risk analysis is a versatile procedure; it 
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need not be only used in a project management environment. It can aJso be utilized in a 

Iaboratory environment. Risk analysis was used for the experimentaJ task within my 

laboratory experiment. 
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The core steps of risk analysis are explained in the next section. Here, it is sufficient 

to realize the origin of the risk analysis and the idea that it grew out of decision theory. 

The risk analysis procedure can somelimes be very context dependent as is the above 

rational choice model. This becomes evident when Iooking at several of the above steps. 

For example, steps 1 and 2, "recognition and diagnosis of a problem" need outside clues 

in order to accomplish these steps. Without knowledge of a particular environment, 

symptoms which are characteristic of a problem will go undetected and consequently 

undiagnosed. Therefore, recognition and diagnosis of a problem are two steps which seem 

deficient without proper background knowledge and information. Similarly, the last step 

"plan/execute aJternatives" can not be accomplished without knowing the circumstances 

under which the planning or executing will occur. Hence, the first, second and sixth steps 

are difficult to implement in a "contextless" environment such as in a laboratory study. 

These were several reasons why certain steps needed to be eliminated from the above 

procedure in order to be used in our Iaboratory experiment. 

Furthermore, in order to generalize this research the framework should be broad

based. Each of these core decision steps can be transferred to practically any application 

domain without losing the impact and understanding of these steps. Most people reading 

this thesis wil! be able to envision these core steps given below and place them in a 

framework which is meaningful to them. These core steps fora given problem are: 

1) generate alternatives 

2) evaluate alternatives 

3) select alternatives 

4) rank vote alternatives 

Since these steps are so versatile, and do not require an extensive amount of decision 

making background information, they were chosen as the basis for this study and the 

foundation for my research. 

The main goal of this research is to compare the performance of a GDSS with 

traditional group approaches for different decision making tasks. To be more specific, the 

different tasks of decision rnaicing which can be improved in this research wil! be the four 
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core steps mentioned above, not the six steps mentioned in the rational choice model. My 

choice of the four step process does not eliminale its dual usage as a subset of the rational 

choice model, but this procedure has to date not been specified formally as an accepted 

unique model. These four steps correspond to the three task types shown in Figure 2.1 . 

lt was mentioned in the beginning of this chapter that there was a benefit to the 

application area of risk analysis by successfully executing this experiment. In order to 

benefit the field of risk analysis, knowledge about the typical risk analysis setting needs to 

be gathered. Once the setting is understood, discovering possible places for making errors 

starts to become more apparent. It appeared that in practice it was possible for individuals 

to make many errors during the risk analysis procedure caused by having to process large 

amounts of data combined with a Jack of knowledge on multiple aspects of the decision 

problem. lt was hypothesized that performing a good risk analysis could be facilitated by 

working in a group. Since the input of a risk analysis is derived from many different 

perspectives, a multiperspective insight is necessary to improve the chances for success. 

Several researchers state that surfacing different possible interpretations of environmental 

trends are key to effective strategy formulation and risk management, hence the need for 

incorporating groups into the risk analysis procedure (Goodman, 1992; Ho and Pike, 1992; 

Howard, 1993; Howard et al., 1992; McFarlan, 1989; Milliken and Vollrath, 1991). 

Risk analysis has essential features of decision making which contains the four steps 

mentioned above (Birnie and Yates, 1991). These four steps are the basis of the risk 

analysis procedure. Jf any of these steps are performed inadequately, the risk analysis wiil 

be ineffective. Identifying and validating risks are the core steps of one application of risk 

analysis (Baskerville, 1991; Boehm, 1989; Boehm, 1981; Clay, 1990; Martin, 1989; 

Ruthberg and Fis her, 1989; Shafer, 1991; Smith, 1991; Wadsworth, 1988). Hence, it is 

critica! to maximize performance on each of the stages. 

The main stages of the risk analysis procedure are: 

I) generale a list of risk factors which can potentially damage the reaching of a goal 

2) evaluate the risk factors in terms of clarifying them 

3) select the most critica! risk factors 

4) assess the probability and impact of those critica! risk factors 

5) prioritize the risk factors based on a calculation which combines the probability and 

impact of the risk factors. 
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The risk analysis procedure has an extra step that the informal core decision model does 

not include, that is: step 4 - assessing the probability and impact of the alternatives (in this 

case, risk factors). This step is a quantitative step which is used to help provide the 

person(s) performing the risk analysis a less subjeelive framework with which to work. In 

other words: it is difficult to accurately prioritize five or more items in a holistic fashion 

without succumbing to some decision bias. Quite often, a person has a "feeling" about 

how important a risk factor is (often a person will directly be affected by it in hislher own 

working situation) later to realize that the risk factor is not exactly critica!. This 

misjudgement is a characteristic of the multiplicative nature of the risk analysis. A risk 

factor which is calculated as noncritical could be due to several reasons: I) the probability 

of the risk actually occurring was low, 2) the impact of the risk (if it did occur) was low, 

or 3) a combination of both. As will be demonstraled later in my experiment, the subjeet's 

holistic perceptions of the risks did not often match their risk analysis after assessing the 

probability and impact of the risks. 

The byproduct of improving one application of risk analysis via this experiment 

could be achieved by one or more of the following phenomenon. I) By using a group, a 

holistic change will occur in performance, perhaps by altering the flow of information 

used for the risk analysis, or by providing more "brainpower" to facilitate creative 

thinking, or by dispersing the mental workload throughout each of the group members. 2) 

Another possibility is a type of "decomposed phenomenon" which means that a 

coordinated group might be useful for specific stages in the decision process. For example, 

in the generation stage, performance could be improved by increasing the number of ideas 

generated. If group members are allowed to hear other members' verbalized ideas and use 

them to form new ideas of their own, chances are high that the number of ideas will 

increase. In evaluating another step in the risk analysis procedure, "assessing the 

probability and impact of the risk factors," a desirabie outcome would be for the 

assessment to come as close to the "real value" as possible. If members in the group can 

evaluate openly each risk factor, literature infers that the group assessment will come 

closer to the actual value than if an individual did the same task. Logically, if the whole 

equals the sum of its parts and the sum of the parts are improving, then the whole must 

also be improving. 
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In this research it is difficult to partition which of these two group phenomenon 

occurs - the holistic or the decomposed approach. Although this group process can be 

observed, conclusions cannot be drawn based upon what is hypothesized. Only the end 

result may be judged or measured. At this point it is sufficient to state the purpose of the 

research and leave the explanations for later. 

4.2 Research Question (global) 

The main goal states that the stages in the decision making procedure can possibly 

be improved by using a group approach. Information obtained from the literature review 

suggests that using a GDSS will have some positive effects on the outcome variables, as 

compared to the more traditional approaches. A logical question which comes to mind is, 

"Wil! all of the decision tasks be improved by the GDSS or will there by a decrement in 

performance in some of them (DeSanctis and Gallupe, 1987)?" How will the other types 

of groups compare in performance to the GDSS in the various decision making tasks? 

This leads us to the global research question: 

In which of the different decision tasks does GDSS excel as compared to the other group 

approaches? 

Before getting into the specific research questions and the reasoning behind them which 

wil! be discussed in the next section, it is wise to completely understand the global 

research question. The global research question should leave the reader with the feeling 

that it is not at all certain that using a GDSS wil! be the answer to making good decisions. 

Furthermore, this question implies that there is a doubt that the GDSS will not improve 

every stage of the decision process. There is also a possibility that other group techniques 

might achieve higher performance in some decision stages. 

Since this is our primary research question, the experiment was designed explicitly 

to compare different types of group approaches across the different decision tasks. The 

main variabie controlled during the experiment was the type of groups participating and 

their protocols across the various decision tasks (the experimental task). 
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4.3 Research Questions (specific) and Hypotheses 

For every specific research question mentioned in this section, a corresponding 

explanation was offered as to why each question was originally formed. These questions 

can arise in other decision making environments - risk analysis is just one particular 

application which is used here. Each question asks the reader to consider the potential 

outcome of the different risk analysis stages. Since some of the stages were too difficult to 

measure directly (after one stage was completed, and before another began) some 

performance measurements were gathered after more than one stage was completed. There 

were several stages in the risk analysis procedure used for this research in which there 

were no research questions formulated because these stages were either trivia! 

(scientifically uninteresting) or not executed in all of the four experimental group 

conditions, thereby making cernparisoos between the four groups difficult. 

Risk analysis consists of the five main steps outlined in section 4.1. However, each 

step can be broken down into smaller units for easier comprehension and execution of the 

subtasks. Within this experiment, the risk analysis procedure was decomposed into nine 

subtasks given in Table 4.1 . Within Table 4.1, each subtask has its own associated task 

types which provides a framewerk in the literature for the reader to refer to. Although 

these task types were explained in great detail in Chapter 3, an explanation in conjunction 

with the associated risk analysis steps shown in Table 4.1 is in order. 

Table 4.1 shows that for every one of the subtasks in the risk analysis procedure, 

there was an associated task type. The reader should not be confused that all of the nine 

steps have an associated dependent measure. One might be lead to believe that because 

each subtask in the risk analysis procedure corresponds to a particular task type, it is 

therefore necessary to measure it. This is not the case. Not only is it difficult to measure 

each stage in the risk analysis procedure, as discussed above, there is also no need for it. 

lt makes sense to measure performance for each task type at a critica! point in the decision 

process rather than at every point. The critica! points in the decision process and/or risk 

analysis are at stages which can severely effect the next activity's success, or at the end of 

the process. In the case of the risk analysis, these critica! points occurred at the end of 

three stages. The first stage of interest was after the generation of risk factors took place 

(step I in Table 4.1 ). The next stage of interest was after the selection of the most 

important risk factors (step 4 in Table 4.1 ). Lastly the third 
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Table 4.1: Subtasks of the risk analysis procedure and their associated task types 

Subtasks of the risk analysis procedure Task types 

I) Generale risk factors Brainstorming 

2) Evaluate the risk factors lntellective 

3) Select preliminary list of risk factors Intellecti ve 

4) Select most important risk factors Intellective 

5) Rank the most important risk factors Preferenee 

6) Assess the probability of the risk factors Intellective 

7) Assess the impact of the risk factors Intellective 

8) Perform necessary calculations Intellective 

9) Prioritize the most important risk factors Preferenee 

critica) stage was at the end of the entire procedure - after the prioritization of the most 

important risk factors (step 9 in Table 4.1 ). The reason that steps 6 and 7 do not represent 

criticaJ stages in the process is because the result of these steps could be overruled by step 

9 if the partic ipants so decide. From now on, the reader should be concerned with the 

results from these three different task types rather than the results from each of the nine 

stages in the risk analysis procedure. 

Now that the relationships have been established between risk analysis and task type 

as shown in Table 4.1, predictions can be made in terms of performance for each of the 

four types of groups in relation to risk analysis. In other words, since we can categorize 

the risk anaJysis into corresponding task types, we can then use the literature to aid us in 

making performance predictions about the outcome of the risk analysis in relation to the 

various group types. The next six subsections utilize the predictions discussed in Chapter 3 

and combine them with the dependent measures to form research questions and 

hypotheses. 

The research questions are stated in the form of, "Is a particular group protocol 

predieled to perform better than another group protocol for this dependent measure? The 

research question uses the group protocol which is predieled to outperferm the other group 

types and stales it in the form of a question. The tables in this section remind the reader 
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of the performance predictions made in Chapter 3 for the particular task type. The 

hypotheses differ from the research questions in the sense that they are described in the 

form of a statement and predict the order of performance between the four group 

protocols. The dependent measures which will be included in the research questions and 

hypotheses are explained in greater detail in later sections of this chapter. 

4.3.1 Research Question 1 and Hypothesis 1 

Research Question 1: Are pooled individuals better than the other group approaches in 

generating more risk factors during a brainstonning task? 
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During a group brainstonning session (which occurs in the groups which use a 

GDSS and NGT), a group must generate as many items as possible in order to accomplish 

the brainstonning task. In tlus application of risk analysis, the brainstorming task is to 

generale and record as many risk factors which can be considered potentially darnaging to 

the success of whatever the risk analysis was intended for. The group memhers are also 

instrucled to be as creative as possible. After the answers are recorded for everyone to 

view, the group is encouraged to continue the creative process by formulating new ideas 

which will trigger further responses from other memhers of the group. 

In order to help draw a mental picture of what is occurring for each of the four 

group conditions, a description is provided for each of the group treatment protoco!s. Each 

description explains the group protocol while performing the generation task. The protocol, 

in essence, contains the rules which govern the communication process during the 

execution of the task. These protoeals were known before the experiment started. 

The Group Decision Supports System treatment CGDSS) - group memhers must 

anonymously generale risk factors on the computer and send them to the public screen 

where the answers are viewable by each of the participants. The public screen does nol 

identify the person who sends the idea. The ideas, therefore are anonymous. Memhers are 

able to use other risk factors from other memhers to help trigger new risk factors of their 

own. This processof feeding off other group memhers is called "piggybacking". 

The Nomina! Group Technigue treatment (NGT) - group memhers generale risk factors 

anonymously on a pad of paper but are required to verbally reveal their ideas in front of 

the other group members. It is possible in this treatment for memhers to piggyback ideas 
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but are less likely to do so because the forma! "generating" stage is completed after they 

hear each other's ideas beîng presented. 

The pooled individuals treatment - Individuals write their responses on a pad of paper. The 

individuals never get a chance to see the other answers of the individuals in the pooled 

group (piggybacking not possible) because the combining of the answers occurs after the 

experiment is completed. 

The freely interacting group treatment - Because the experimenter cannot control the 

approach used for the decision problem, ( or else the group would no Jonger be freely 

interacting) the groups are probably not uniform in the way they execute the experimental 

task. Some groups could have memhers individually generale risk factors and then 

combine them with the other group memhers (something like the NGT groups) and other 

groups could try to brainstorm as a group. In the former case, ideas are written on each 

group member's pad and shared later on. In the latter case, a "group note pad" could be 

kept by a secretary of the group, who would be designated by the group. Piggybacking 

could occur but chances are not strong that they will, due to possible power structures or 

personal bias within the group. 

The performance predictions of the four types of groups for the brainstomting task 

is: pooled individuals should perform the best, foliowed by groups which use a GDSS, 

then groups which use the NGT and then freely interacting groups. The dependent 

measure of interest in this case is the number of risk factors generated. Previous research 

has shown that pooled individuals have outperformed the freely interacting groups and 

occasionally the GDSS groups. Table 4.2 illustrates the performance predictions which 

were derived using the argumentation in Chapter 3 for the brainstorming task. 

Table 4.2 Performance predictions for the brainstorming task 

Hypothesis number Performance predictions 

Hypothesis I Pooled individuals > GDSS > NGT > Freely interacting 

> refers to outperforrning the variabie to the right of it 

The hypothesis reflects the performance predictions between all four group protocols. 
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Hypothesis 1: Pooled individuals wilt generale more risk factors for the brainstorming 

task foliowed by groups which use the GDSS, then groups which use the NGT, and then 

freely interacting groups. 

The next subsection explains the second research question. 

4.3.2 Research Question 2 and Hypothesis 2 
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Before stating the next research question, it needs to be mentioned that hypotheses 2 

through 5 measure a higher level of risk factors as the dependent variabie called risk 

categories. One can imagine that if individuals are asked to brainstorm, they wiJl generale 

ideas at different levels of abstraction. In other words, some individuals might generale 

general risk factors and other individuals might get very specific with their risk factors. 

For example, within a sports toumament, a general risk factor could be, "the organizers 

planned the tournament poorly" while a specific risk factor could be, "the organizers 

planned too many breaks in the game schedule". Because of the different levels of 

abstraction in the responses, it was necessary to group similar risk factors into categones 

in order to reduce the number of risk factors down to a workable level. Each risk category 

contains at least two similar risk factors. This concept is explained in detail in Chapter 6. 

One other concept which needs to be mentioned before the research questions and 

hypotheses are discussed is that each risk category was compared to the experts' 

categories in order to delermine the relative importance. Corresponding to every 

hypothesis' dependent measure, it was necessary to make a comparison between the 

participants' responses and the experts' responses. The expert evaluation for each risk 

category is completely specified in Chapter 6. 

Research Question 2: Are pooled individuals better than the other group approaches in 

generating more accurate risk categories in terms of their importance? 

This research question is derived from the "generation of ideas" stage of decision 

making as is the first research question. A description of how the participants 

brainstormed is not needed because the previous section's (4 .3.1) description is also valid 

he re. Inslead of focusing on the quantity of the ideas (research question I), this question 

focuses on the accuracy of the ideas in terms of their importance to the overall decision 

problem. In similar studies of this kind, empirica! research bas shown that pooled 
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individuals consistently outperformed the freely interacting groups and occasionally the 

GDSS groups in reference to generating more accurate ideas as judged by experts. Usually 

similar studies compared the accuracy of the subjects' ideas to experts who judged each 

answer. 

Therefore, the performance prediction made for this second research question 

suggests that pooled individuals are expected to generate more accurate risk factors than 

the other group approaches. Reference to Table 4.3 shows the expected performance 

prediction for all of the four group protocols. Based on earlier research, the chance is great 

that the pooled individuals will outperform the other groups as well as the freely 

interacting groups having the worst performance. The GDSS and NGT groups are 

expected to be somewhere in between but the order is unsure. 

Table 4.3 Performance predictions for the brainstorming task 

Hypothesis number Performance predictions 

Hypothesis 2 Pooled individuals > GDSS > NGT > Freely interacting 

> refers to outperforming the variabie to the right of it 

Hypothesis 2: Paoled individuals wil/ generale more accurate risk categories for the 

brainstorming taskfollowed by groups which use the GDSS, then groups which use the 

NGT and then freely interacting groups. 

4.3.3 Research Question 3 and Hypothesis 3 

Research Question 3: Are paoled individuals better than the other group approaches in 

generating more unique risk categories? 

This research question is also derived from the "idea generation stage", as were the 

frrst and second research questions. Once again, it is oot necessary to describe how the 

brainstorming session occurred because the description in section 4.3.1 holds true bere. 

Similarly to research question 2, this question refers to the quality of each risk category, 

more specifically, the uniqueness of each risk category. Since unique answers are a 

function of creativity, the argumentation used in order to make the performance 
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predictions are the same as those for the first and second research questions. Furthermore, 

(Diehl and Strobe, 1987) did a study which compared all of the studies which looked at 

quality and quantity of ideas generated in a group environment and found that there was 

no difference in significanee when both of those metrics were used. In other words, 

quantity was a good indicator of quality and visa versa. Using this rationale, one would 

expect that whatever the outcome of this study, the results and the order of the groups 

should be the same for the first hypothesis as well as the third hypothesis. 

Table 4.4 shows the performance prediction for the four group types for hypothesis 

3. Again, the pooled individuals are expected to generale the most number of unique ideas, 

foliowed by the GDSS groups, then the NGT groups and then the freely interacting 

groups. The resultant hypothesis for unique ideas generated is given below. 

Table 4.4 Performance predictions for the brainstorming task 

Hypothesis number Performance predictions 

Hypothesis 3 Pooled individuals > GDSS > NGT > Freely interacting 

> refers to outperforming the variabie to the right of it 

Hypothesis 3: Paoled individuals will generale more unique risk categories for the 

brainstorming task foliowed by groups which use the GDSS, then groups which use the 

NGT and then freely interacting groups. 

4.3.4 Research Question 4 and Hypothesis 4 

Research Question 4: Are freely interacting groups better than the other group 

approaches for selecting a higher percentage of important risk categories from the 

generared list? 

1t was discussed earlier that all of the subtasks in the risk analysis procedure were 

dependent on the outcome of the step before them, except for the idea generation task. 

The selection task was no exception. In the risk analysis procedure, the selection task can 

not be performed effectively without knowing exactly what the ideas are which are being 
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selected, and on what basis they are being selected. For this means, discussion about the 

meanings of the different risk factors is a necessary step in deciding the relative value of 

one risk factor over another. Therefore, the steps which come before the actual selection 

step (step 4) affect the result obtained in step 4. This research question was formulated to 

separate the idea of selecting the most important risk categories given the fact that they 

might or might not have been already present on the list of generaled risk categories, from 

the first step. (Section 4.4.2 discusses this metric in greater detail). 

During the evaluation of the risk factors stage, the purpose was for the group 

memhers to carefully serall through the list of risk factors item by item and discuss issues 

which were either unclear or ill defined for each item. lt was also possible in this stage to 

combine a number of risk factors into one comprehensive risk factor in order to reduce 

redundancy. After the redundancies were hopefully eliminated in that step, group memhers 

were required to narrow down the large list and select no less than five risk factors which 

would later become rank ordered. 

The four group protoeals are provided below in order to better understand what is 

occurring in each group condition: 

The GDSS treatment - The groups have the list consisting of all the risk factors displayed 

to them on the public screen. The facilitator asks the group memhers to explain or clarify 

every risk factor verbally in front of the group members. However, the group memhers do 

not have to admit which answer was their own. If they wanled to clarify a risk factor, they 

could simply give their thoughts about any risk factor which was mentioned on the list. 

The facilitator asks the group to call out the risk factors which they consider the most 

important. There is no limit as to how many they can call out. The facilitator types their 

suggestions onto the public screen. This new list is displayed on the public screen. This 

preliminary list of risk factors should contain a portion of the total number of risk factors 

in an attempt to narrow down the selections. 

The NGT treatment - The groups have a complete listing of the risk factors on the wall in 

front of them which are derived from the generation of risk factors step. The facilitator of 

the group asks the group members to explain or clarify every risk factor verbally in front 

of the group members, (which mimics the GDSS approach to facilitation) . After everybody 

in the group understands the meaning of each risk factor, a vote is then taken. The 

facilitator passes out five little pieces of paper to every group member and asks them to 
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write the numbers of the five most important risk factors. The votes are tallied, ties are 

braken and the five risk factors are selected. 
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The pooled individual treatment - The individuals are asked to go through their list and 

evaluate which risk factors are the most important. They are then asked to narrow down 

the list to five risk factors. Some individuals use a preliminary step in which they have 

about five to ten risk factors which they are consictering for their top five most important 

risk factors. Those individuals would then choose their five risk factors from the 

prelirninary list. The completed step is a list of the top five most important risk factors 

selected from their list which was generated in the first step. 

The freely interacting group treatment - Groups ask their memhers to explain what they 

mean when they volonteer one of their risk factors. However, not all groups use this 

procedure. Some groups forgo clarifying or evaluating risk factors and merely choose five 

risk factors based on a majo:rity vote. lt is nol always clear how groups without protoeals 

do their selection process. The outcome here is the same as the other groups: a list of the 

top five most important risk factors selected from their list which was generaled in the 

first step. 

The performance prediction for this step is based on the literature in Chapter 3 under 

the heading of intellective tasks. Reeall that intellective tasks, such as the kind which is 

executed in this experiment, are performed better when there is an unequal sharing of 

ideas in the group. lt was thought that if everyone in the group participated equally, the 

group memhers with the most useful knowledge would be suppressed and only be able to 

contribute a smal) amount of knowledge to the group. The group would be more efficient 

if these knowledgeable individuals are able to give more of themselves and their expertise 

while the other group memhers who are nol so knowledgeable, keep quiet. Table 4.3 

shows the exact prediction for each of the group protoeals for the selection task. Notice 

that the freely interacting groups are expected to perform better than the other groups 

because in the freely interacting group, participation is theoretically at its most uneven, 

compared to the other groups. The order for rest of the group protoeals follows the 

concept of the next group with the most amount of unequal participation. 
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Table 4.5: Performance predictions for the selection task 

Hypothesis number Performance predictions 

Hypothesis 4 Freely interacting > NGT > GDSS > Pooled individuals 

> refers to outperforming the variabie to the right of it 

Hypothesis 4: The freely interacting group will select a higher percentage of the most 

important risk categories out of the ones al ready present on the generaled list foliowed by 

the groups which use the NGT, then groups which use the GDSS and then paoled 

individuals. 

4.3.5 Research Question 5 and Hypothesis 5 

Research Question 5: Are freely interacting groups better than the other group 

approaches for selecting a greater number of the most important risk categories from the 

generaled list? 

This research question is similar to question 4 except the absolute number of the 

correct most important risk categories are counted, rather than relative to the number of 

correct risk categones already present on the generated list. It was necessary to make a 

distinction between the two types of performance for the selection task because even 

though both types of measures are dependent on the outcome from the step before it, one 

performance measure takes that dependency into account, and the other one does not. In 

other words, this absolute measure of just counting the number of correct (most important) 

risk categones selected from the generaled list does not take into account whether or not 

the most important categories were even present on the list to begin with. Therefore, 

unless both measures are accounted for, it is difficult to giv·e an overall assessment for a 

selection task. 

The procedure for the selection task was already explained in the last few paragraphs 

under research question 4. Since the task is exactly the same as in research question 4 the 

predictions also remain the same. Table 4.6 gives the prediction for hypothesis 5. 
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Table 4.6: Performance predictions for the selection task 

Hypothesis number Performance predictions 

Hypothesis 5 Freely interacting > NGT > GDSS > Paoled individuals 

> refers to outperforming the variabie to the right of it 

Hypothesis 5: The freely interacting group wil/ select more important risk categories from 

the generaled list foliowed by the groups which use the NGT, groups which use the GDSS, 

and then pooled individuals. 

4.3.6 Research Question 6 and Hypothesis 6 

Research Question 6: Is using a GDSS better than the other group approaches in 

producing more accurate judgement rankings? 

This research question is derived from the Jast step in the risk analysis, "Prioritize 

the risk factors" . The prioritization proceeds the selection stage and follows the assessment 

of the risk factors in terms of their potential impact and probability of occurrence. By the 

time the risk analysis reaches the prioritization stage, the person(s) performing the analysis 

should have a firm understanding of the utility of the risk analysis and the importance of 

the risk factors, based on the insight gained from the previous steps. 

During the prioritization stage, the group memhers have to rank order the top five 

risk factors. Although the risk analysis already produces an existing rank order for the risk 

factors (the risk factors with the highest number of points are the most important) the 

group memhers have the opportunity to vote against their calculations derived from the 

risk analysis. This provision exists because it would be possible for the group memhers to 

disagree so strongly with the outcome of the risk analysis, or nol trust it enough, that they 

would nol go along with it in a real decision environment. Hence, it is a real preferenee 

task. 

In order to explain what is occurring in each treatment, a description is presenled 

below: 
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The GDSS treatment - After looking at the results of the risk analysis (rank order of the 

risk factors), the group members are again presenled with the top five most important risk 

factors and asked to arrange them in order of importance using the electrooie "Vote" tooi 

of the GDSS. After they are finished setting the risks in rank order, they electronically 

send the results to be combined with the other members, using a rank order sum. The 

results are then displayed on the pubtic screen. 

The NGT treatment - Similarly to the GDSS group, the group merobers look at their 

results frorn the risk analysis and are asked to rank order these top five factors using paper 

and pencil. The assistani then calculates the rank surn for each risk factor derived from 

each group members' papers. The results are presenled in front of the group on the wal!. 

The pooled individuals condition - The pooled individuals have the option of using the 

results directly from their risk analysis or rearranging the risks in their own way. The 

individuals merely have to provide the researcher with the risks in order of importance, 

the cognitive thoughts behind the prioritization is actually up to them. 

The freely interacting group treatment - This group has the option of arranging the risks in 

any order they wish, either by combining their opinions in some way or by the "dominant" 

individuals making the order. They also have the choice of using the results from the risk 

analysis. 

The pelformanee predictions for the ranking task are based on the literature from the 

preferenee tasks. The literature staled that preferenee tasks are better pelformed in groups 

which have equal participation amongst the group members. Therefore, the most equal 

participation out of the four group protocols are the GDSS groups, foliowed by groups 

which use the NGT, the freely interacting groups and then the pooled individuals. 

The pooled individuals have absolutely no degree of sharing preferences among the group 

memhers due to the fact that there is no interaction between them. Table 4.7 shows the 

pelformanee prediction between the four groups for this prioritization task. 

Table 4.7: Performance predictions for prioritization task 

Hypothesis number 

Hypothesis 6 

Performance predictions 

GDSS > NGT > Freely interacting > Pooled individuals 
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Hypothesis 6: The groups which use a GDSS will come closer to the expert's rank values 

for the prioritization task foliowed by the groups which use the NGT, then the freely 

interacting groups and then the pooled individuals. 

The next section discusses how the dependent measures which were implicitly mentioned 

in the hypotheses were developed through their conneetion with the common metrics used 

throughout the GDSS and group literature. 

4.4 Metrics Used in Combination with the Hypotheses 

Each of the hypotheses presenled has its own dependent measure, which can be 

classified under a particular type of metric. Some metrics utilize performance measures 

which are comrnonly used in the literature to measure things like quality, quantity and 

accuracy. These dependent measures are combined to reflect performance on one or more 

metrics. Figure 4.2 shows the relationships between the experimental task type and the 

metrics used, and their associated dependent measures. In order to completely understand 

the "big picture" bebind each metric, it was necessary to show its relation to the 

experimental task and the dependent measures. As one can see in Figure 4.2, each metric 

can be represented by several types of dependent measures across the different task types. 

However, each dependent measure is only associated with one type of metric. These 

dependent measures associated for each task type are discussed below. 

Within the three metrics: accuracy, quality and quantity, a logica] division can be 

made between the qualitative and quantitative metrics. Their dependent measures reflect 

the nature of the metrics (e.g. the number of ideas generaled and the number of 

nonredundant ideas are more quantitatively based). Quantitative simply means that no 

outsider judge is needed to evaluate the ideas, it is merely a matter of tabulating them. On 

the other hand, the qualilalive dependent measures such as "the number of unique ideas" 

and "the correctnessof the ideas", need to be evaluated by one or more judges. Similar 

studies use either qualitative or quantitative metrics but rarely both. This study uses both 

in order to have a richer understanding of the effects produced from our four group 

protocols. Examples in the literature of studies using quantitative measures are: Bouchard 

et al.,l974; and Connelly et al., 1990; Gallupe et al., 1991; and Jessup and Tansik, 1991;. 

Examples in the literature of GDSS studies which use qualilalive measures are: Connolly 
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et al., 1990; Gallupe et al., 1992; and Ho et al., 1991. 

Since much attention has been given to groups which brainstorm in the literature, 

consequently, there exists cornmonly used metrics which measure group performance. 

These measures were incorporated into our hypotheses quite easily. Unfortunately, known 

performance measures were not available in the filerature to correspond to the selection 

and prioritization subtasks used in my experiment. These subtasks, although cornmon in a 

decision making environment, are not researched as often and such performance measures 

are scarce. Therefore, it was necessary to ereale new measures for selection and 

prioritization in accordance with the risk analysis task. Yet, these new dependent measures 

fall under the metrics which measure quality and/or accuracy. The following section is 

divided into three subsections: I) metrics for the brainstorming task, 2) metrics for the 

selection task and 3) metrics for the prioritization task. These experimental task types, 

metrics and dependent measures and their relationships are shown in Figure 4.2. In the 

proceeding subsections, the experimental metrics wil! be introduced. A complete 

explanation of the reliability and validity of the metrics is provided in Chapter 5. 

4.4.1 Metrics for the brainstorming task 

GDSS has its foundation in the brainstorming literature and uses several metrics to 

measure the effectiveness of the test variables. These metrics are: the quality and quantity 

of ideas generated, and the accuracy of the ideas. There are several performance measures 

used to reflect each metric. These dependent measures are: the number of ideas generated, 

number of non redundant ideas generated, number of unique ideas, and the quality or 

accuracy of the ideas, see Figure 4.2. 

The three metrics used for the brainstorming task were: quantity, accuracy and 

quality. Their respective qependent measures were: number of risk factors generated 

( Hypothesis I), number of correct top five risk categones present on overall list 

(Hypothesis 2) and number of unique risk categories geneni.ted (Hypothesis 3). The 

quantitative metric is only used for the brainstorming subtask and is not used to measure 

performance in the other two experimental tasks. "Number of risk factors generated" is a 

straightforward quantitative measure. In order to calculate this dependent measure, all 

identical risk factors were removed from each group's list and then the number of risk 

factors per list were tallied. 



Experimental 
Task Type 

Metrics 

Dependent 
Measures 

numberof 
correct top 
live risk 
categones 
present on 
list 

numberof 
unique 
risk 
categones 

number 
of risk 
factors 
generaled 

number 
of correct 
risk 
categories 
se leeled 

pereentag 
of correct 
risk 
categories 
se leeled 
out ofthe 
risk 
categones 
present 
on the list 

Prioritization task 

difference 
in rank score 
obtained between 
group's and 
experts' rank 

Flgure 4.2: Experlmental task typesalong with their associated metrlcs and dependent measures 
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For the qualitative metrics consisting of accuracy and quality, three expert judges 

were used to first generate a comparison list of risk factors. These judges had a great deal 

of experience in the domain used in the experimental task. For an exact description of the 

judges' roles and their level of experience refer to Chapter 6. These judges evaluated each 

risk factor in terms of its accuracy and uniqueness and he!Ped cluster the similar risk 

factors into one of 26 categories. These categories were more manageable and less tedious 

to work with than the 1300 different risk factors produced from the subjects in the 

experiment. After these 26 categories were created and the top five categones were 

determined by the experts, both metrics were relatively easy to work with. The measure 

"number of correct top five risk categories present," was merely a matter of counting the 

number of categories on each group's top five list which were accurate in comparison to 

the judges' list. Moreover, the measure, "number of unique risk categones generated," was 

determined by counting the number of categories which were mentioned by each group 

without counting the doubles. 

4.4.2 Metrics for the selection task 

Since there has been very little research performed on selection tasks, (e.g. choosing 

the most important items on a list), it was necessary to ereale the two dependent measures 

used in the experiment. One performance measure, "number of correct risk categories 

selected" falls under the accuracy metric while the other dependent measure, "percentage 

of correct risk categories selected out of the risk categories present on the list" falls under 

the quality metric for reasoning explained below. The selection tasks' two performance 

measures were calculated after the selection of the top five risk factors. One dependent 

measure delermines selection performance on a relative level and one dependent measure 

delermines performance on an absolute scale. The dependent measure which only needs to 

be compared to the experts' list "number of correct (most important) risk categories 

selected" is either right or wrong and therefore is classified under the metric "accuracy". 

The dependent measure "percentage of correct risk categories selected" is obtained by 

evaluating the entire list derived from the group in order to delermine if the potential for 

the correct answer was present. If the potential for the correct answer was present, but not 

used, that would be considered low in quality. Hence, this dependent measure falls under 

the quality metric. The measure "percentage of correct risk categories selected out of the 
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risk categories present on the list" shows the relative performance based on the potential 

number of correct answers which could be selected. For example, if there are five correct 

answers generaled on a group's list and that group selects five out of five ideas then the 

selection percentage is 100 percent. Similarly, if a group only generaled one correct 

answer and selected from the list that one correct idea, the selection percentage would also 

be 100 percent. Yet clearly, there is a difference in performance between a group which 

selects five out of five and another which selects one out of one. For this reason, a second 

measure was developed to measure the absolute selection perfonnance. 

The second measure "number of correct risk categories selected" counts from the top 

five list generaled by the group, the number of correct categones present as compared to 

the experts' list after the selection has been made. With this measure, the highest number 

of categories selected is more desirable. Using the example above and dependent measure, 

it is possible for one group to have a selection percentage of I 00 percent because they 

selected one correct idea for their top five list and in their complete list that was the only 

correct idea present. Hence, the score for the two measures would be "100 percent" and 

"one correct risk category". A nother group may have obtained a selection percentage of 80 

percent but selected four out of five correct risk categories. Hence this group obtained a 

score of "80 percent" for the first measure but obtained "four correct risk categories" for 

the second measure. Depending on the way the selection task is defined, can either or both 

of these measures be interesting. These two different dependent measures will help in the 

onderstanding of group perfonnance for selection tasks. 

4.4.3 Metric for the prioritization task 

The task of prioritizing items on a list, in this case risk factors, is not well 

researched in the group literature. There are, however, in the literature, experiments which 

tried to sirnulale a mock trail and jury. In these experiments, jurors which were able to 

discuss the verdict of the trial logether with other jurors and had to make a group 

decision which was compared to individual jurors whose verdiets were combined logether 

to form a joint verdict. These individual jurors never got a chance to deliberate together, 

(Davis, 1980; Davis et al., 1977). This mock jury task is similar to a prioritization task in 

the sense that a judgement must be made concerning how to weigh different forms of 

"evidence" to arrive at a final verdict, which in our case is a list staling which risk factor 
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is more important than another risk factor. The metric used in this mock jury case 

measures the group achieving consensus (a known quality metric). In the case of this 

research, the prioritized rank of the risk factors is used as an important indicator for the 

presence of the correct top five risk factors and their respective rank order as compared to 

the experts' list. 

The dependent measure used to indicate the quality of the answers from the 

prioritization task was the "difference in rank score obtained between the group's rank and 

the experts' rank". This difference was determined mathematically. lt took into account, 

not only if the risk factor was mentioned but also where it appeared on the top five 

prioritized list. For example, a group could rank the least important risk factor on the top 

five list as most important. Another group might never mention that least important risk 

factor at all. Which of the two situations is seen as better performance? Is it better to 

overestimate the significanee of a minor risk factor or is it better not to mention it at all? 

The reverse situation can also be considered - Is it better to underrate a major risk factor 

or is it better not to mention it at all? Both of these instances show misjudgement, but 

there are two different types of errors which can occur. One error is an error of omission, 

and the other error is an error in misjudgement. Both can ruin the outcome of the 

prioritization. These errors are both qualitative in nature. Furtherrnore, despite the fact that 

the group memhers had a chance to learn new inforrnation from each of the participants 

during the entire risk analysis, their prioritization was based for the most part on their own 

"gut feelings". In many cases, the subjects reported after the experiment (see Chapter 8) 

that even though they leamed things from the other group members, they usually stuck 

with their original apinion which was established befare their group session even began. 

4.5 Justification for experiment 

The preceding sections described the goals of the research and the main points of 

investigation were stated in the form of hypotheses which still needed to be tested. An 

empirical approach was chosen as the means for testing these hypotheses, more 

specifically, in a Iabaratory environment. This decision of choosing a Iabaratory 

environment over a field experiment in an actual organization was a conscious one based 

on four reasons. They were: 

J) more control over the different types of treatment groups which could be tested 
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2) the need for a large number of subjects 

3) difficult to find an actual organizational problem which would not need to be allered to 

fit the risk analysis goals and procedure 

4) maximum control over the test environment to avoid confoonding variables. 

To explain the first reason listed above: Since the main goal of the research was to 

analyze and compare GDSS to other group protocols in several stages of decision making, 

it is imperalive that all of the different types of comparison groups are included. However, 

if this experiment was carried out in an organization, chances are that all of these group 

types would not be natorally present in the organization. The consequence would be to 

ereale artificial groups which would need to be trained to work using a particular group 

protocol. Not only is this time consuming, but also from an ethica! perspective, 

organizational memhers might resent having to Ieam a new way of functioning in their 

job. If resentments are present or build during the experimental period between the 

participants and the organization/researchers, results from the experiment could be suspect. 

The explanation of the second reason listed above is quite simpte. In order to 

facilitate the chance of obtaining statistica! significance, there needs to be a minimum 

number of participants in the experiment - totalling at least 160 people. Unless a large 

corporation were involved, it is almost impossible to find so many people in a similar job 

function which could participate in this experiment, Iet alone reeruit them for it. If this 

experiment was attempted with less than the prescribed amount of subjects to obtain 

statistica! significance, there runs the risk of not being able to confirm the hypotheses 

without reasonable doubt. Many empirica! experiments are doomed before they begin 

through using insufficient numbers of participants to provide statistica! significance. 

The third reason is that finding an actual organizational problem which would 

perfectly fit our risk analysis goals and objectives would be difficult. Consequently, one of 

two things would have to happen: I) the goals and objectives for this experiment would 

have to change in order to accommodate the organization or 2) the organization would nol 

be able to work on an actual problem as it really exists in the organization; it would need 

to be "fitted" to the experiment. In the first case, the researcher would not be entirely 

satisfied, and in the second case, the organizational memhers might not be satisfied due to 

their normal work being disrupted. 

The fourth reason why it was decided to carry out this empirica! study in a 
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Iabaratory environment is the common conception that the researcher can control the test 

situation better by preventing confoonding variables from affecting the experimental 

results. If this experiment took place in the organization, several things could happen: I) 

chances would be higher that people would drop out from the experiment - perhaps even 

during an experimental session because of more pressing matters, 2) scheduling of people 

would be more diftïcult, 3) keeping participants from discussing the research after the 

experimental session is over would be diftïcult and a host of other problems like this 

could occur which could alter the results. If these potential problems developed into real 

problems, they would be considered confoonding variables of the experiment. 
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Chapter 5 

Metbod 

5.1 Introduetion 

An experimental completely randomized between groups design was used to test the 

hypotheses. The independent variabie of this experiment, type of group protocol, has four 

different levels referred to as treatments: pooled individuals, freely interacting groups, 

groups using the NGT technique and groups using a GDSS. This experiment compares the 

performance between each of the treatments on several dependent measures from a risk 

analysis task. Section 5.2 describes the sample of participants used in the experiment, 

which includes: the sampling design, locating of subjects, and the appropriate number of 

subjects. Section 5.3 provides the reader with an understanding of the specifics of the 

metrics used in terros of reliability, validity and structure. Section 5.4 describes to the 

reader the procedure used to collect data from these subjects and the necessary steps 

which were taken in each group protocol. 

5.2 Participant Sample Used 

5.2.1 Location of participants and the sampling design 

The experimental unit of analysis for this study was a group of five individuals. 

Therefore it was necessary for this experiment to collect more subjects than is normally 

the case when an individual is the unit for analysis. In order to realize the large number of 

participants needed, a large subject pool was required. Fortunately, this subject pool was 

available at the Eindhoven University Student Sports Center. In order to be able to qualify 

as a participant for this experiment, one needed to have planned and/or participated in at 

least one international sports tournament at the Eindhoven University Sports Complex. 

Being an enroled student was nol a necessary requirement for participation. Subjects 

ranged from first year students to post graduale students. 

Participation was elicited by making several announcements during the different 

sports practices asking for volunteers. The athleles were told that they would be paid 20 
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guilders for their participation in the study and it would not take more than two hours of 

their time. A list of volunieers was thus obtained. After the experimenter obtained a list 

with the necessary amount of participants and a few to spare in case of problems, the 

experimenter began scheduling the subjects. 

In order to schedule the participants, it was necessary to follow a few rules to 

maintain consistency across the various treatment groups. These rules were: 

I) let the subject choose the most convenient time available given the available time slots 

2) avoid scheduling more than two people from the same sport team in the same group 

3) balance the level of experience of the participants balanced across the groups 

4) avoid including close friends in the sa me group. 

To help explain the logic behind these rules two general rules of thumb were used. First, 

eliminale potential "bonding" within the group members which could then in turn 

influence the outcome of the group. This rule of thumb applied to rules 2 and 4 above. 

The second rule of thumb involved the intemal validity of the experiment which was kept 

in check by not permitting a group to have more than four experienced subjects logether 

in one group. This rule of thumb applied to rule 3 above. Lastly, rule I above was made 

to accommodate the subjeet's schedule. If the subject feit eoereed into the experiment on a 

day which was not convenient for him/her, the subject rnight harbor resentments towards 

the experimenter which could lead to poor or inaccurate performance from the subject. 

Therefore, this rule was enforced rigidly. 

5.2.2 The appropriate number of subjects 

In previous studies which involved the use of a GDSS, the literature sends out a 

strong message that group decision support systems provide greater benefits to groups 

larger than four memberseach (Jessup and Kukalis, 1990; Nourand Yen, 1992; Gallupe et 

al., 1992, Nunamaker, Vogel and Konsynski, 1989). That being the case, it would not be 

useful to perform this experiment using less than five members per group. The question, 

"How many groups are necessary to achieve statistica! significance?" also needed 

resolving. On similar group studies, the number of groups per treatment ranged from five 

to 20 (Dennis, Valacich and Nunamaker, 1991; Valacich et al, 1993, Winniford). The 

number of groups which was derived is not only based on what was already tested in 

previous studies, but is also based on the expected size of the treatment effects. Since 
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group literature has an overwhelming number of studies which show significant 

differences between the various group types, while performing diverse tasks; detecting 

differences within the group types for my experiment was a realistic expectation. Although 

a large sample size is always desirabie for statistica! purposes, in this case it was 

hypothesized that sample size would nol play a large role on the overall outcome. 

Therefore, an acceptable number of observations per treatment group was chosen to he 

eight. Eight time slots needed filling per treatment equalling eight separate group sessions. 

Each group session consisted of five participants. The decision to use five participants was 

based on camparing the reviewed studies in Chapter 3, with the present one. For an 

extensive explanation about why five participants are suitable for such experiments, see 

Tan et. al. 

For the pooled individuals treatment, it was necessary to test the same number of 

individuals per group as the other treatments for consistency, yet the groups formed from 

pooling the individuals were formed after the experiment. Therefore, there were also 40 

participants for the pooled individuals treatment. The total number of participants in the 

experiment was 160, see Table 5.1. 

Table 5.1: Total number of people and their placement in each treabnent 

Pooled individuals Freely interacting group NGT group GDSS group 

Number of groups 8 8 8 8 

Number of 5 5 5 5 
members/group 

Total 40 40 40 40 

The next section describes in detail the measurement characteristics of the metrics 

explained in the last chapter. In Chapter 4, argumentation was provided for the 

appropriateness of each metric for this experiment. The next section provides an 

explanation of the reliability and validity of each of the three metrics regarding their 

associated dependent measures. 
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5.3 Characteristics of the metrics - reliability and validity 

Chapter 4 introduces our three metrics: quantity, accuracy and quality with regard to 

the dependent measures for each subtask in the risk analysis procedure. This section 

differs by focusing on the metrics and their associated reliability and valid.ity. Reliability 

refers to the ability of a metric to produce consistent results. Validity indicates that a 

metric in fact measures what it supposes to measure. 

In this experiment, reliability and validity of each metric is a function of the 

dependent measures which it comprises. For example, the metric measuring quantity, (see 

Figure 4.2), is represented by the dependent measure, "number of ideas (risk factors) 

generated." This metric' s reliability, has been confirmed by its numerous use in many 

other studies. The literature on this subject characterizes its straightforward approach 

which almost eliminales confusion in its application across studies, (Gray et al., 1990; 

Mahler, 1987; Pinsonneault and Kraemer, 1990; Sicgel et al., 1986). This metric is 

virtually fooi proof in its execution if redundancies (responses which are exactly the same) 

are ornitted. 

For the metric labelled "accuracy'', there are two dependent measures which are 

involved: "number of correct top five risk factors present on list", and "number of correct 

risk categones selected". Regarding the reliability of the accuracy metric, it has nol been 

detailed in this thesis how these two dependent measures should be combined to assess 

accuracy. The only idea which is specified is that accuracy is represented by some 

combination of these two dependent measures. Because the experimental task used in this 

project was the risk analysis, these two dependent measures specific to the experimental 

task are not at all used in the literature, yet a variation of the former is somelimes cited. 

The first risk factor, "number of correct top five risk factors present on list," could also be 

worded as, "total number of correct answers generated." This phrase is used in several 

other studies, (Beauclair, 1989; Dennis, Valacich and Nunamaker, 1991 and Gallupe 

1990). I have some idea about how to approach reliability but it was not possible in my 

case, so I relied on other studies. In those other studies, difficulties did not arise which 

questioned that performance measure's reliability. Owing to the fact that the dependent 

measure, "total number of correct answers generated" is practically the same as "number 

of correct top five risk factors present on list" in the way that it is measured, sirnilar 

conclusions can be drawn in terms of its reliability, although it cannot be proven because 
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"total number of correct answers generated" is a "new" measure. 

Accuracy in this experiment is obtained by comparing the groups' list to the experts' 

list and seeing where the discrepancies lie. The greater number of discrepancies, the more 

inaccurate the group. This simple approach is the same for the performance measures 

mentioned in the above paragraph. Is our metric of accuracy valid? If validity is defined 

as the ability to satisfactorily measure accuracy, then this metric's approach is 

straightforward and for all practical purposes valid. And while the accuracy of the answers 

derived from the experts may be questioned, the way in which the comparison was made 

between the experts' list and the groups' list cannot. A full discussion about the accuracy 

of the expert's answers will however be discussed in Chapter 6 under the section, "Expert 

Evaluation". 

The last metric, which measures quality between the treatment groups, consists of 

three of the dependent measures in the experiment. These dependent measures which are a 

function of quality are: "number of unique risk categories generated", "percentage of 

correct risk categories selected out of the risk categories present on list" and "the 

difference in rank score obtained for every group's top five risk categories". All three of 

these performance measures are utilized in three separate stages of the decision process. 

Therefore, quality between the treatment groups can be compared during the brainstorming 

stage, the selection stage, and the prioritization stage, (see Figure 4.2). 

Reliability refers to the ability of a metric to yield consistent results. The reliability 

of the quality metric, has nol been specified in this thesis or how these three dependent 

measures should be combined to assess the quality. Quality across the three task types can 

be represented separately via the three dependent measures. 

If we assume that the whole is equal to the sum of its parts and that the parts are all 

good indicators of quality, then combining them logether should also be a good indication 

of quality, unless of course, one dependent measure has a negative impact on another 

dependent measure. There is no information to suggest that this negative effect would 

normally occur, especially because these three dependent measures are taken across three 

different decision making stages which do not interact with each other. (A post 

experimental correlation analysis was performed, which confirmed the above statement). 

However, that is nol to say that the three dependent measures are not somehow correlated. 

It is true that the outcome of the brainstorming task is used for the selection task and the 
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outcome of the selection task is used during the prioritization task, but that would not 

contradiet the validity of the quality metric, it would only intensify or decrease the 

magnitude of the metric. For example, if a group was unable to generale any accurate risk 

factors in the brainstorming task, then the group would not be able to select the correct 

top five risk categories, and consequently, would not be able to prioritize them into an 

adequate rank order. Yet, this metric would remain valid as a means for measuring quality 

between the four treatment groups if things go smoothly in the brainstonning task. 

The next section provides a detailed description of how each subject was contacted, 

placed in a treatment condition, and executed the experimental task in a "group session". 

After reading this procedure section, the reader should know when, where, and how the 

data was collected. 

5.4 Procedure 

This section explains in detail exactly what occurred in the experiment for all four 

treatment groups. The experimental task remains the same across treatments, yet each 

treatment group has an entirely different set of group corrununication protocols. To 

facilitate these protocols, the corrununication within the group is controlled by the 

experimenter, not the content. Actually, the interaction between the memhers is somewhat 

controlled in the NGT and GDSS groups. The pooled individuals groups have no 

communication between the group members, and the freely interacting group memhers 

interact without the guidance of a facilitator, and with a Jack of structure. As a result, 

some of the freely interacting groups are executing different steps while others are nol 

executing any steps or are combining them into other steps. Therefore, task time varied 

across the different tasks and treatments. In an attempt to sort out some of this confusion, 

Figure 5.1 should be consulted. 

Some people could criticize that all of the four protoeals for each treatment had no 

control as far as the amount of time each group spent upon a particular subtask in the 

experimental procedure. Consequently, these critics rnight assume that the output from the 

four treatments can not be compared with each other. I believe that this is not the case. In 

the case of the NGT and GDSS groups, the facilitator guides the group and provides a 

time frame for each subtask, but allows enough freedom within the group to go outside the 
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suggested time if necessary. In the case of the pooled individuals and the freely interacting 

groups, the time per subtask is not controlled by the experimenter, although if the 

group/individual asked out of itself, the suggested time frame (as was mentioned in the 

NGT and GDSS group sessions) was told. 

Rather than having the actual time per subtask being equivalent between the groups, 

in order to make a fair comparison, it was more important to observe that each 

group/individual feit that they had enough time per subtask to give it proper attention. For 

example, in the brainstorming task, an unfair comparison would be to cut off a group's 

chance to generate more risk factors due to a time restrietion if they openly expressed the 

wish to do so and compare it to a group who was finished thinking of ideas by the end of 

the time limit. Although both groups in this case had an equivalent time period to 

complete the generation of ideas task, one group might have worked slower than the other 

group or one group might have had many more risk factors to write down and needed the 

extra time if they were slow writers/typers. Merely the fact that the facilitator suggests a 

task completion time should not change the overall time needed if the facilitator remains 

flexible and sees that people have not finished. In these situations, the facilitator reassured 

the participants that it was alright to take more time if necessary. 

Figure 5.1 is a conglomeration of all four treatments' different experimental 

procedures. The freely interacting group is the only group which is able to decide how to 

proceed with the experimental task. The other three treatments are bound to their group 

protocol, which is basically the same among them. Figure 5.1 shows this similarity by 

illustrating the activity chain on the right side of the page. The activity chain on the left 

side is specifically for the freely interacting group. The purpose of using a dotled diamond 

decision box inslead of a solid line box is to distinguish the decisions which are being 

made during the experimental session by the participants and decisions made by the 

experimenter before the session begins. The dotted box represents the decision that the 

experimenter made beforehand. A full explanation for each of the activities in the figure is 

provided in the upcoming sections, each labelled by their specific treatment protocol. 
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Figure 5.1: Experimental procedure for all of the different treatments 

cha ter 5 
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5.4.1 General procedure for all of the group protocols 

Each subject was telephoned and asked to select one date that he/she would be 

available to participate in the experiment. The date chosen had a corresponding treatment 

which was assigned to that date, yet the subject was unaware of the condition in which 

he/she was placed. The scheduling of the participants was based on the rules provided in 

section 5.2.1. After the participant arrived at the session location (along with the other 

merobers of thè group, or alone if they were in the pooled individuals group), seated 

themselves at the table where there was a note pad and pen at each chair or in the GDSS 

case, a personal computer which had the installed "Groupsystems" software logo on the 

screen. The software which was utilized, "Groupsystems" is a creation of the Ventana 

Corpora ti on. 

The subject was told to read the instruction packet, which differed depending on 

which group protocol the subject was registered under. These differences were only in the 

way the descriptions were written (e.g. the individual format, group merobers working 

separately format or group merobers working logether format, see Appendix A). However, 

each instruction packet contained the same elements: the case description of the 

experiment for the sports tournament under consideration, the purpose of performing a risk 

analysis when analyzing complex decision probieros such as this, instructions on how to 

do a risk analysis, and the decision criteria which were important to this case description. 

The decision criteria would be helpfut if and/or when they decided to carry out the risk 

analysis. To be more specific, the decision criteria helped define for the participants the 

main goals of planning a sports tournament and where the emphasis should be placed. 

The decision criteria were defined by the experts in the study. Before the experiment 

began, the experts, who in this case had a lot of knowledge about organizing sports 

tournamenis (the topic for the experimental risk analysis task) decided on the which goals 

were the most important to strive for in achieving a successful sports tournament 

The examples of these decision criteria from most important to least important (as decided 

by the experts) are: I) high satisfaction of the participants, 2) planning a good schedule so 

that there are no gaps in playing time, 3) making enough money from the things sold to 

satisfy the club goal, 4) having a fun party, and 5) providing adequate information to the 

participants. These decision criteria were defined in great detail for the experimental 

participants in their information packet which they received, see Appendix A. Furthermore, 
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these decision criteria were the basis of all of the judgements made in the experiment by 

the subjects. As will be explained later on in this section, the subjects had to judge the 

impact of each risk factor on each of the goals (decision criteria). An "important" risk 

factor was deemed true if it had a large effect on one or more decision criteria. For 

example, a risk factor as "not enough people showing up" most likely negatively effects 

criteria such as the satisfaction of the participants, making enough money, havîng a good 

schedule and possibly even the enjoyment at the party. 

After reading the înstruction packet, the partîcipants were permitled to ask questions 

to the experimenter in order to clarify anything which might nol have been entirely clear 

to them in the instruction packet. In order to appear realistic for the group members, the 

experimenter assigned erganizing committee roles to each of the group memhers (not in 

the individual case) in accordance to a procedure used in erganizing a real sports 

tournament For the pooled individuals, this was neither possible, nor realistic. It was not 

possible because the individuals whose answers were pooled after the experiment was 

compieled would never have a chance to interact with each other. Hence, the entire 

"committee" would never interact Because of this Jack of interaction, it would be 

unrealistic to assign a role to the individuaJ and expect that the participant wouJd fee! 

"responsible" for that roJe. This would especially be the case when there would be no 

form of a check to see if the role was accurately executed due to the Jack of other 

participants present which wouJd aJso have roJes. 

There were five possible roles that each group memher could have which 

corresponded to the roles on a real sports tournament erganizing committee. These roles 

were: the chairperson, the treasurer, the facilityllogistics person, the public relations person 

and the person in charge of the party. Each of these roles were explained in the instructien 

packet. The chairperson was assigned his/her role randomly by the experimenter (the 

person sitting in a particular seat around the table was always the chairperson) and was 

told to allocate the other four roles in the group to the other group members. Sametimes 

the chairperson asked the other members in the group which roles they would prefer and 

other chairs merely assigned the roles as they saw fit. There were several reasans why 

they were assigned these rol es in the first place, they were: I) to remind them of a actual 

sports tournament which could help in focusing their attention, and to get them starled on 

the right track 2) to gel them to be serious about the task by giving each of them a certain 
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arnount of responsibility in the eyes of the other group members, 3) to give them an idea 

of the various other roles of the group memhers which could possibly help them think of 

more risk factors and 4) to help them think in terms of the inlegration of the roles and 

associated risk factors. 

The GDSS groups along with the NGT were led by the facilitator which guided the 

group memhers along step by step in the experimental task. Each group was told that their 

task was to calculate the five most important risk factors which could potentially damage 

the success of the sports tournament A common question that was somelimes asked in the 

groups was, "Do we only have to think of risk factors which are for our particular role, or 

can we think of any risk factor which could jeopardize the tournament?" The reply was, 

"Any risk factor which you think of can be used." The next section affords the reader the 

opportunity to better understand what exactly some of the risk factors and the outcomes of 

the subtasks were. 

5.4.2 Risk analysis for a sports tournament 

This section was created in order to give readers of this thesis the feeling that they 

themselves are participating as subjects in the experiment. In later sections of this chapter, 

the specific protoeals for each treatment are explained. The purpose of this section is to 

farniliarize the reader with the domaio area: organizing a sports tournament at Eindhoven 

Technica! University. Although the experimental task was deciding on the five most 

important risk factors for the sports tournament and prioritizing them, not all four 

treatments accomplished that task via a risk analysis. Three out of four treatments 

(individuals, NGT and GDSS) were required to perfarm a complete risk analysis as 

specified in their protocols. The freely interacting treatment group, however, was not 

required to perfarm a complete risk analysis yet it was strongly suggested in the freely 

interacting group' s written instructions. If the freely interacting group did nol want to do 

the risk analysis, it was acceptable if they merely identified the top five risk factors and 

presenled it to the experimenter. The next paragraph provides a view into the 

experimental task for a subject in one of the groups which utilized the full risk analysis 

procedure. 

After reading the instruction packet and asking any questions needed to clarify the 

situation, the subject begins to generale as many risk factors as he/she can think of which 
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could possibly put the goals (decision criteria) into jeopardy. The following table, (Table 

5.2) provides the reader with an idea of the types of risk factors suggested by the subjects. 

Table 5.2: Typical risk factors generated by the participants 

Typical risk factors 

I) not enough 9) food deliveries 
participants show up arrive too late 

2) communication I 0) people are too Iazy 
probierus due to to get up early in the 
language moming 

3) start too late 11) the music is not 
organizing tournament good at the party 

4) people are not 12) there was an 
interested in buying overestimation of the 
tee shirts amount of food needed 

5) participants vandalize 13) there are not 
equipment enough toilet facilities 

6) participants get into 14) there is no first aid 
fights accommodation 

7) there is an unequal 15) people are stealing 
level between the teams from the other 

partic i pants 

8) bad contact between 16) obtaining a licence 
teams and organizers to sell eertaio goods 
before might be too expensive 
tournament began 

After the subjects generale as many risk factors as they can think of, they have to 

narrow down the choices to the most important. [n the case of this experiment, the 

subjects were asked to choose the five most important risk factors out of their entire list 

generated. For example purposes, we will select risk factor numbers 2, 4, 6, 8, and I 0 as 

the top five risk factors which were chosen as being the most important according to the 

subject/group. (This procedure is detailed for every protocol explained in the next four 

sections). Once these top five risk factors were decided, the subjects had to make an initia! 
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guess of the importance of each of the tive risk factors in relation to each other and 

rank order them. After that, the subjects had to make separate judgements as to the 

probability and the impact of these risk factors on the decision criteria. Table 5.3 

illustrates possible judgements which could be made by a subject when evaluating each 

risk factor for each decision criteria. The last column on the right, "Probability X Impact" 

was calculated by the subjects as they filled in the table. The table, its headings across the 

first row and the criteria in the tirst column were given to each subject. The subjects were 

instrucled as to how to write their top five risk factors in the table. How to fill in the two 

judgement columns (Impact of risk and Probability of risk) were also explained to each 

subject. 

The "Impact of risk" column is an abbreviated version of, "Impact of the particular 

risk factor on the particular criteria". In the case of the first row in Table 5.3, the subjects 

were required to assess the impact of the risk factor communication problems due to 

language on the participants of the tournament having high satisfaction. On a scale of I to 

10, (one being very little impact and ten being a lot of impact), the subject who tilled in 

Table 5.3 decided that there was nota lot of impact so she wrote down a value of "2". 

Sirnilarly in the second row, the same subject thought that the risk factor "people do not 

buy shirts" at the tournament would have a large impact on the satisfaction of the 

participants being rendering a value of "8". 

The "Probability of risk" column was also explained to the participants in the 

instruclions. This column was to be tilled in by the subjects as well. However, this column 

differed from the "Impact" column in that assessing the probability of a particular risk 

factor occurring has nothing to do with a decision criteria. Therefore for each risk factor, 

there is only one number judgement which is copied tive times and filled into the table in 

the appropriate spots. For example, the first risk factor, "communication problems due to 

language received a probability of occurrence score of 5 (meaning that there is a 50 - 50 

chance that this risk factor will occur). This same number 5 is repeated in the sixth, 

eleventh, sixteenth, and twenty-tirst rows. After the five probability judgements are made 

for each of the five risk factors tilled in to the table, a simple calculation is needed to till 

in the last column which is the multiplicative of the Impact of the risk column and the 

Probability of risk column. 
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Table 5.3: Table of judgements derived from a typical subject 

Criteria Risk Factor Impact of Probability Probability 
risk of risk X Impact 
(1-10) (1-10) 

I) high satisfaction of the communication problems due 2 s 10 
participants to language 

2) (satisfaction) people do not buy shirts 8 8 64 

3) (satisfaction) participants get into tights 6 7 42 

4) (satisfaclion) bad contact between teams 7 s 3S 
and organizers 

S) (satisfaction) people too lazy to get up in s 2 10 
the moming 

6) good scheduling communication problems ... 9 s 4S 

7) good scheduling people do not buy shirts 10 8 80 

8) good scheduling participants get into lights 2 7 14 

9) good scheduling bad contacts ... s s 2S 

10) good scheduling people too lazy ... 8 2 16 

11) make enough money communication problems 9 s 4S 

12) make enough money people do not buy shirts 9 8 72 

13) make enough money participants get into lights s 7 3S 

14) make enough money bad contacts ... 6 s 30 

IS) make enough money people too lazy ... 2 2 4 

16) having a good party communication problems 3 s IS 

17) having a good party people do not buy shirts 7 8 S6 

18) having a good party participants get into tights 4 7 28 

19) having a good party bad contacts .. . s s 2S 

20) having a good party people too lazy ... 9 2 18 

21) adequate information communication problems 8 s 40 

22) adequate information people do not buy shirts 9 8 72 

23) adequate information participants get into lights s 7 3S 

24) adequate information bad contacts ... 3 s IS 

2S) adequate information people too Jazy 6 2 12 
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In the real experiment, there was another column which required the subject to 

multiply the farthest right column in Table 5.3 with a weighting factor for each decision 

criteria which was designated by the experts befare the experiment began. After the 

subjects finished the table, they were asked to add the scores of each risk factor, across 
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the five decision criteria from the weighted risk factors column, not shown here, (see 

Appendix A). The outcome of this step is an overall score for each risk factor. The risk 

factor with the highest score, was considered to be the most important risk factor, 

according to the risk analysis. After the risk analysis, the subjects then had to provide one 

last ranking of the top five risk factors. In this ranking, the subjects/groups could either 

decide to use the rank order obtained from the risk analysis (25 separate judgements added 

and then averaged together) as the final rank, or decide on a rank order based on opinion, 

or gut feeling (holistic ranking). The final rank order was the order which was used for the 

dependent measure, "difference in rank score obtained between the group's and the 

experts' top five risks." 

The next four sections will explain Figure 5.1 in accordance with each treatment 

group's protocol. The simplest protocol to follow - the paoled individuals - wilt be 

explained first foliowed by the NGT and the GDSS protocols. The freely interacting group 

will be explained last because it does not clearly follow the patterns of the other treatment 

protocols. 

5.4.3 The (pooled) individual protocol 

To supplement this explanation, the reader is urged to consult Figure 5.1. Each 

participant in the paoled individual treatment was scheduled at a different time to prohibit 

individuals from interacting with one another. After the subject read the instruction packet, 

and all questions were answered, the subject began with the generation stage of the risk 

analysis. The subject was asked to brainstorm, by trying to think of all possible risk 

factors which could potentially damage the success of the sports tournament The subject 

was told that he/she would have as much time as was needed to complete the entire 

experiment. The experimenter encouraged the subject verbally to write as many ideas 

down as possible on a pad of paper, despite the fact that subject might have thought some 

ideas insignificant. The generation stage ended after the participant decided that all of the 

ideas and potential risk factors were recorded. The subject then began the evaluation stage. 
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Since there was no time limit on all of the subtasks, it was possible that some individuals 

spent little time reflecting on the risk factors which were just generated while other 

individuals needed more time. It varied for each participant. Officially, the individuals 

were nol required to narrow down their list of risk factors to a manageable number, which 

is the next step lisled in Figure 5.1. However, it was possible that some individuals 

crossed out redundant ideas on their pad of paper or combined ideas in order to help them 

identify the top five risk factors. But not all individuals chose this route. It was however 

necessary to select the five most important risk factors on the list and write them down 

separately. The experimenter suggested toeach participant that it rnight be helpful to use 

the criteria as a basis for selecting, although it was not mandatory. Perforrning a 

prelirninary ranking of the five risk factors was encouraged but not enforced. After the 

participant selected the five risk factors, he/she had to fill them in a table provided in the 

packet, similar to Table 5.3. This table was used as an aid to help the participants carry 

out the risk analysis task. The table was included in the instruction packet for all 

treatments, (see Appendix A). 

Next, the subject had to make judgements about the impact of each risk factor (on a 

scale of I to 10) across each of the five criteria. Since there were five criteria and five 

risk factors, hence 25 separate events, there were 25 judgements in total whicb needed to 

be made in order to fill in this column. Each judgement was filled into the table. The next 

step was for the individual to assess the probability of occurrence, for each of the five risk 

factors which were selected. The values for these assessments were based on each 

individual's own experience with organizing sports toumaments. A value between one and 

ten was assigned as a probability (I = highly unlikely, 10 = highly likely to occur) for 

each of these five risk factors. These values were also added to the table and repeated five 

times to fill up the necessary boxes. The participant then had to calculate the last column 

of Table 5.3 which equalled the probability of the risk factor multiplied with the impact of 

each risk factor. These calculations were performed across all 25 judgements. In addition, 

one further calculation was necessary, to multiply the predeterrnined criteria weights with 

each value in the last column thus filling up another column on the table shown in 

Appendix A. These calculations were performed with the help of a calculator provided by 

the experimenter. Then, the subject added up each risk factor across each criteria to 

delermine an overall score for each risk factor given in the form of a number value. The 
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highest scoring risk factor was the most important, according to the risk analysis. The 

subject then had to prioritize the risk factors by rank ordering them and give them to the 

experimenter when he/she was finished. After the subject wrote down the ordered risk 

factors for the experimenter, the session was over and the subject was paid. 

5.4.4 The NGT group protocol 

The NGT protocol was led by a facilitator, in this study the experimenter, who was 

assisted by another person who recorded the responses and acted as the record keeper. The 

facilitator's task was to coordinate the communication between the group members, and 

not to get involved with the content of the session. The facilitator's function was to make 

the session flow better and diffuse potential arguments from escalating into uncomfortable 

situations for the group members. If the group wandered off too much from the topic, the 

facilitator refocussed the group's attention to the problem at hand. 

Upon five participants arrival, the experimenter sat them down around a u-shaped 

table which enabled them to maintain eye contact with one another. On the table in front 

of each participant were pads and pens for them to use. The facilitator gave each 

participant an instruction packet which they were required to read, (see Appendix A). 

After reading the instructions the subjects were permitted to ask questions in order to 

ensure they understood their tasks. The facilitator then assigned the role of chairperson of 

the organization committee to one of the participants in the group. The chairperson 

allocated the other four roles to the remaining group members. After assigning the roles 

and answering any other questions, the group proceeded to the brainstorming task. 

The facilitator then asked the subjects to brainstorm separately on their pads of paper 

writing down all of the risk factors they could think of for the question, "Which possible 

risk factors could potentially damage the success of the sports toumament?" Each subject 

was encouraged by the experimenter to write as many risk factors as they could think of 

no matter how irrelevant they seemed. The subjects were given approximately 15 minutes 

to do this generating task. The facilitator extended the 15 minute time allotment if the 

participants were apparently unfinished; so as to ensure all risk factors were recorded. If 

however, after 10 minutes, the brainstorming task started slowing down and some 

memhers stopped altogether, the facilitator sped up the process by announcing that the 

group should finish up their Jast few ideas. 
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In order to make the generaled ideas available to all group members, the facilitator 

asked each memher to volunteer one of their ideas on their pads, one at a time in a round 

robin form, while the assistant copied the ideas on the poster paper stuck to the wall. After 

the subject volunteered a risk factor, the facilitator asked the person next to himlher to 

also provide an idea. If a person did not have an answer, he/she said, "Pass". If a person 

"Passed" they could still offer an answer in the next "round" if a new idea developed by 

hearing another subjeet's idea. The facilitator asked the participants not to comment or 

criticize the answers given by their group members. That would come later. 

After all of the ideas were recorded, the facilitator verbally expressed each idea and 

asked the participants to clarify the meaning of hislher idea. However, the participant that 

volunteered the answer was not required to comment about it, if he/she did not want to. At 

this point, memhers could defend or support an idea even if it was not originally theirs 

(although it was usually known by the other group memhers whohad originally generated 

that risk factor). If contlicts arose as to the actual meaning of a particular risk factor, the 

facilitator asked the group if the risk factor could be better phrased or even combined with 

another risk factor which might have been seen as redundant. (This process was equivalent 

to the "narrowing down of risk factors step" in Figure 5.1 ). This discussion was not only 

restricted to the meaning of each risk factor. The group was permitled to convey the logic 

or analysis behind the item and the realistic importance placed on the item. If group 

memhers disagreed on a particular risk factor, the facilitator forced a consensus to occur 

before an item was either disregarded or utilized, an extremely time consuming process. 

Then the facilitator asked each group member to write on a separate sheet of paper, 

what five risk factors they considered most important were (corresponding to the numbers 

recorded on the poster papers on the wall). These risk factors did not have to be listed in 

order of importance. The .assistant tallied the votes and asked the group memhers to vote 

again if there was a tie between several of the risk factors. After selecting the five risk 

factors the participants were required to rank them in order of importance on five separate 

sheets of paper. The assistani compiled a rank sum tabulation to determine the order. The 

results were shown to the group and used as a baseline measure for the group memhers to 

delermine the order. By first obtaining a baseline measure, it gave the group memhers 

another opportunity to better understanding the opinions of the group members. The 

facilitator also wamed the subjects that this order could change, after the risk analysis. 
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The subjects then assessed the impact and probability on !heir own, (five separate 

tables for each person in the group were tilled in) exactly the same as specified in the 

individual condition. In this way, each group memher performed their own calculations as 

would the individuals in the pooled treatment, using calculators provided by the 

experimenter. After completing the five tables, the assistani averaged all five values for 

each risk factor to obtain an average score for every risk factor. This tabulation was then 

presenled to the group to see if there were any differences between the order obtained 

from the risk analysis and the order obtained from their original rank order. 

The participants were then instrucled to prioritize the five risk factors, based on 

combining new information (answers from the risk analysis) and their original ranks. This 

task was performed exactly as it occurred earlier when they had to rank order the five risk 

factors before the risk analysis began. The final prioritization was taken as the real rank 

orderand given to the experimenter by the assistani (and shown to the group). After 

reviewing the results, the subjects were paid and were permitled to leave. 

5.4.5 The GDSS group protocol 

The GDSS treatment group met in one of the rooms of the campus computing 

center. This room was not a designated decision room; it was primarily used as a 

classroom, but it had a Barco projector and enough personal computers for all participants. 

For this group, the facilitator (experimenter) had two assistants. Similar to the facilitator's 

role in the NGT group protocol, the task of the facilitator was to coordinate the 

communication between the group members, and not to get involved with the content of 

the session. Again, the purpose of the facilitator was to make the session flow better and 

try to diffuse potential arguments from escalating into uncomfortable situations for the 

group members. lf the group strayed from the topic too much, the facilitator's job was to 

refocus the group' s attention to the problem at hand. Yet the difference between the 

facilitator's role in the NGT protocol and in the GDSS protocol was for the GDSS, there 

needed to be someone tending to the interaction between the group and the new 

technology. The facilitator for the GDSS session also assumed this responsibility. Since 

the group decision support system was entirely new to each of the group members, there 

existed problems which occasionally only the facilitator and the assistants could solve by 

aiding the users in the use of the new software. The new software which was supposed to 
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facilitate the task occasiona11y needed to be explained a few times to some of the 

indivlduals, 

_phapler 5 

After seating the five partîcipants bchïnd their own personal computers. the 

facilitator handed out their Jnstruction packet which the subjects read to themselves. The 

organizing committec roles were also allocated in the samC way as the NOT treatment 

groups. Thc subjects then asked the faciJitator questions about the contents of the packet. 

if their task was still uoclear. The facilitator explained to the group that the GDSS 

software wou!d bc used to do tltis risk analysîs. The subjects werc also informed that 

although the type of system they were using was eaJled a group decision support system, 

they would be makîng all the decisions. not the system. The software was on1y a tooi to 

make the deeisïon making process easier to manage. 

The first stage of the risk analysis, the generatîon stage was accompli.shed using the 

software tooi "Electronic Brainstorming". The facilitator instructed the subjects to 

brainstorm separately using tbeir personal computers:. They were to type into theîr 

computers all înformatïon which answered thc question, "Which possible risk factors could 

potentially damage the success of the sports toumament?'' The partielpants were infonned 

that they wouJd have about 15 minutes to accomplish this generation task. Each subject 

was encouragcd by the experimenter to type in any risk factors wbether rhey beHeved 

them to he insignîficant or oot [nstructed to begin, the subjects typed their risk factors, 

one at a time and then submHted them to lhe public screen in front of the room. Thls 

publîc screen was visibte to everyone in the room. While typing in tbeîr thoughts, the 

subjects were also encouragcd to pause occasionalJy to check other ideas on the public 

screen. The facilitator hoped tbat chccking the screen would further spawn the creative 

process. The fadlitator stopped the brainstorming sessïon when the typing stopped or 

slowed down to one person. However. the facilitator gave the partleipants more time îf it 

was apparent 1hat they stm bad more ideas to type in. 

After finishing the generation stage, the facHitator read aloud each idea which 

appeared on the public screen. Each idea was discussed verbally, in front of the group. and 

evaluated in the same way as the NOT groups. Using the ''Electronic Brainstorming" tooi, 

this list was narrowed down between 10 and 20 items after the discussion. This 

elîfllination process occurred by the subjects by selecting important risk factors or "key 

words" which summarized the risk factors on the public screen. This process proved very 
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time consuming because lhe wording of each risk factor had to be exaclîng for everyone 

to agree on it. 

The subjects then ranked !bis list of 10 to 20 risk factors using the "Vote" tooi (rank 

order vote). Tbe votlng tooi provided an electrooie ballol for each group member. The 

members each arranged the risks from most important to least important and [hen sent ît to 

the public sereen. After all the votes were sent1 lhe results were dïsplayed on the public 

screen for everyone to see. The results were based on a rank sum computation made by 

!he software program. 

Based on the list of risk factors just ranked, the top five risk factors were separnted 

to be used later on for the risk analysis, Again, the subjects were lnstructed by the 

facihtator to rank order this new Hst of top five risk factors. After finîshing ranking the 

list separately on their own screen, they senl lheir results to the public screen for each 

participant's vïewing. 

In order to assess the impact of each risk factor for aU live criteria, each participant 

was required to fill in the table provided to rhem in lheir instructîon packets. (sec 

Appendix A). Tbe GDSS groups also had 25 judgements to make when assessing !he 

impact of each risk factor. When assessing the probability of occurrence for each risk 

factor, they also had five judgements 10 make and fill into the rable. Like !he other groups, 

the memhers were given calculators to compute the risk exposure. SimJiarly, they also 

performed the mulliplication of the criteria weights with the Impact X Probability column. 

Lasdy they summed that value across each criterion to obtain a final value for each risk 

factor. 

The assJstants averaged each group members' final value for each risk factor to 

obtain a combJned average for the whole group. This average was the result of tbeir rist 

analysis. But before banding over these valtles to the experïmenter~ a final rank order 

needcd to be made based on the k.nowledge gained by the risk analysîs and their previous 

convictions. This rank ordering was performed. once agaln, by the usc of tbc "Vote" toot 

from Groupsystems. The final results were showed Lo the grnup on the public screen. 

After reviewhtg the resulrs, thcy were paid and were pennitted to leave. 
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5.4.ó The freely interacting group protocol 

After all group members arrived, the experimenter handed out the lnstruction packet 

to each of the group merobers directlog them to read the contents of it. The organiz.ing 

committee roles were allocated in the s.ame way as the other two group treatment groups. 

The experimenter again clarified any unclear instructions in' the packeL As described 

earlier. the freely interacting group's protocol differed from the other three group protocols 

in that they were not required to perform a risk analysîs. although it was strongly 

suggested, (see freeJy interacring group's instructions located in Appendix A). The 

experimenter allowed the group to decide how to proceed for the rest of their session, 

Their first major decision, unlik:e the other groups, was to decide if they were going 

to do a tisk analysis or make up the steps as they proceeded, (see Figure 5.1). If lhey 

decided to follow the risk: analysis procedure Hke the other groups. then the basic steps 

were very simHar to the other treatrnents' procedure. The only change was in the style of 

communicadon between the group members. If lhey decided to develop lheir own 

procedure, they had to detennine which steps they believed necessary to arrjve at a 

prioritlzed list of the top five dsk factors which would jeopardize the sports tournament 

To follow Figure 5.! for both pnssible chains for the freely interacting group, after 

"yes" was chosen from the solld Jine diamond decision box~ the group foliowed the 

instructions for the risk analysis (the chain on thc right side of Figure 5.1) which said for 

them to brainstorm and generare as many risk factors as they could think of. The 

directions dîd not specify whelher or not the subjects should generale these answers as a 

group or perform individual braînstonnïng. It was up tothem to deelde. Remember. each 

participant had a pad of paper and a pen in front of thern. If they decided to generate risk 

factors as a group, then one person played the role of secretary and wrotc down ideas as 

the subjects called them ouL After finîshlng the generation stage, the group memhers than 

reviewed the list of risk factors. The group chose whether to îndividually copy the entire 

list or to write the ideas onto the poster paper stuck on the Walt The next official step in 

the risk anaJysis procedure was to select frorn that list the top five risk factors. which were 

the most importa~L Yet~ befo.re selecting it was wise to evaluate and discuss each risk 

factor. as the facililator instructed the GDSS and NGT groups. However. in lhe freely 

ïnteracting group, no facilitator was available to tell them to carefully anatyze each risk 

factor before mak:ing the selectlon. If one group memher had enough lnsight to encourage 
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evaluation of the risk factors first befare selecting them. il still might not happen if that 

person could not convince the rest of the group members that it was worthwhile. 

Consequently, the top five risk factors could be selected carelessly or haphazardly. The 

next step in Figure 5.1 (ranking tbe top five risk factors) was only performed by tbe 

treatments which used a faci1itator; the freely interacting group would not be included 

here. 
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The assessment step was next. (Again, it was not sure lf the assessment would he 

made separately among the group memhers and tben combined, or made as a group). The 

only certainty for the group was that they would have to have a completed table with tbe 

values in it. Never was it mentioned in the freely interacting protocol that the table should 

contain group values, or averaged îndîvîduaJ values. If they did make Jndividual 

assessments, they would then have to later combine their answers in some other methoct 

Once the judgements were fiUed into the table, the calcuJatlons bad to be made using 

the calculators placed on the table. Again, it was oot sure if one person would be doing 

this job for the entire group or evecyone in tbe group should somehow help. 

The last step of prioritizing the top five risk factors only occurred if the group did 

nol want to use the order derived from the risk analysis. lf they disagreed completely with 

tbe risk analysis outcome. then they might have considered making: another rank order of 

the top five risk factors. After the order had been made clear, they gave a copy to the 

experimenter. 

Using the left chain of Figure 5.1, if the freely interacting group decided that they 

did not want to perform a rlsk analysis, they then needed to arrive at tbe top five ordered 

risk factors tbeir own way. Choosing their own way usually proved highly unsystematic. 

First. they would have to generare tbe risk factors. Again, this step could be performed as 

a group. or separately as indivlduals. Tben in order to select the top five risk facrors which 

were the most important, tbey probabJy needed to discuss amongst themselves (which 

might be led by only one or two dominant individuals in the group) and select what they 

thought the "majority" of tbe group believed was light. While making tbe selection, it was 

possîble to order those risk factors in order of îrnportance. I~ thls protocol, there was no 

clear cut border for when one subtask started and tbe other one ended. These dedsions 

were decided ad hoc, by tbe more "domineering" individuals (perhaps tbe chairperson). 

After the ordered list was completed, they presented ît to the expertmenter and receîved 
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their payment for the experiment. 

The next chapter describes the preparations which were made for the statistica] 

analysis, the statistica! analysis used and how the experts evaluated and judged each 

answer. 
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Chapter 6 

Organizing the Data and Analysis 

6.1 Introduetion 

This chapter describes the necessary preparation to organize the data for the analysis. 

There were several steps which were necessary to accomplish the data organization 

described in each of the following subsections. The first major task which needed to be 

attacked was deciding how to sift through the overwhelming number of ideas which were 

generaled by all of the groups. The solution was obtained by classifying these risk factors 

into clusters described in the first subsection (section 6.2). The second subsection (6.3) 

discusses how these clusters were validated. The third subsection (6.4) details the 

evaluation made by the sports tournament experts as they ordered the risk factors they 

considered most important. The fourth subsection (6.5) describes the preparation of the 

statistica! analysis. Lastly, the fifth subsection (6.6) describes the statistica! analysis used 

for the data. 

6.2 Categorizing the risk factors 

As a result of allowing the subjects in the experiment to form and state their ideas as 

freely as possible without a specified format or constraints, the number of responses from 

the combined efforts of aJI the conditions totalled approximately 1300 risk factors . Some 

of these risk factors were redundant, some were similarly stated, some were related and 

others were completely unique and/or dissimilar. A decision had to be made as to how to 

handle the data in terms of its sheer quantity and organization. Furthermore, this data 

management decision would impact the technique chosen for categorizing the data. Should 

one person or a group attempt these categorizations? 

I may not make these decisions as I am biased because I have a stake in the 

outcome. In addition, the experts would not be available for categorizing the risk factors 
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because they would be needed to check the outcome of the categorization process. Could 

one individual perform this task free of bias without being overwhelmed with the large 

amount of information? The experimenter decided that by using the same reasoning for the 

risk analysis task, that a group would be better suited to attack this categorization problem. 

The reasans were as fellows: I) to provide more "brainpower" to facilitate creative 

thinking, 2) to be more critica! when evaluating the risk factors, 3) to make judgements 

closer to "reality" concerning the clustering of the risk factors, 4) to eliminale individual 

bias which could be detrimental to the outcome, and 5) to reduce the mental workload of 

the participants. A group was elected to undertake this task, yet further specificatien 

needed to be made regarding the composition of the group members, the type of task they 

would undertake, and the type of group protocol they would undergo. 

Since the group memhers would be deciding on risk factors which were associated 

with the organization of a sports tournament, it would seem logica! to use individuals who 

have had experience in planning such tournaments. In cases of risk factors which 

contained jargon, a persen who understands the terrninology, can better judge the ideas. 

Therefore, the group which was used to categorize these risk factors contained individuals 

who had the experience of planning and participating in a sports tournament at Eindhoven 

University's Student Sport Center. 

Classifying risk factors into particular categories could be analogized with several 

clustering techniques which occur in many domains. These clustering techniques are varied 

and are given several names, e.g. cluster analysis, multidimensional sealing, etc .. .. This 

task can be performed in several ways depending on the number of items which need to 

be clustered. If the number of items is smal! (less than 20), then pairwise camparisoos 

between the items is an excellent choice of techniques. However, there were 1300 risk 

factors generated in this experiment which hardly justified using this technique. It would 

not be pàssible to campare each risk factor with all of the ether risk factors because of the 

sheer numbers and the fact that much time would be wasted sorting out the redundant or 

highly similar answers. This technique would require quick thinking and snap judgements 

to produce clusters whiéh contained all of the risk factors. An alternative technique was 

therefore needed. The only technique which could be used to get through sorting so many 

ideas would be for each group memher to split the laad and sart the items one by one. 

This sorting approach has been used in several studies with success, (Pegels and Sekar, 
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1989; Rosenberg and Kim, 1975). 

A group protocol was also required for this task. An interactive protocol which 

emphasized quick thinking, not over-contemplated ideas was desired, due to the large 

number of risk factors which needed to be judged. A group which spent time discussing 

each risk factor would never accomplish this categorization task within one session. A 

maximum of two hours should be the time frame to ensure efficiency. The reasoning is 

that most people have a difficult time maintaining concentration after two hours. Given the 

constraints measured above, both the GDSS, NGT and Delphi techniques were 

inappropriate because of the highly evaluative nature of these techniques. These techniques 

hardly enable the making of quick decisions. Fortunately, there exists a group protocol 

which coincides with the above objectives and has been used many times with favorable 

results called Metaplan, (Cloyd, et al., 1975). Metaplan was selected to accomplish the 

clustering task and will be explained in greater detail in the next section. 

6.2.1 The protocol of Metaplan 

Metaplan was developed in the early 1970's by several researchers (Cloyd, et. al., 

1975) as an answer to the problem of poor meetings . Poor meetings occur for many 

reasons. According to these researchers, the main reasons were: speaker wandered off 

from the subject, speaker who is too verbose, speaker provides unclear messages, speaker 

provides an introduetion which is too long before getting to the real subject matter. In 

short, lengthy meetings meant little action. In a Metaplan session, a facilitator sets the 

ground rules for the group memhers and guides the group through a fast paced thinking 

session. A Metaplan session usually consists of a goal, for example in our case, "Cluster 

all of the risk factors which you think belong logether in the same group, because they are 

si mi lar or there is a strong relation between them" . A Metaplan session also has "standard" 

equipment which is used throughout the session. The equipment consists of several large 

boards in which thumbtacks can be pushed, large index cards with letters on them which 

can be seen from 10 feet away, a garbage can, chairs which can be moved around, thick 

and thin pens and extra paper for the participants. These materials provide the basis for 

the interaction. 

The idea behind a Metaplan session is that participants are encouraged to 

interactively get involved in the meeting, both physically and mentally. Ideas are written 
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on the index çards and initially, the first few cards are worked through with the facilitator. 

In this technique, the facilitator shows the group the index card and then asks, "Where 

should we put this index card?" The group memhers shout the number of the cluster where 

they think it belongs. Clusters are formed by group memhers grouping similar concepts 

together. For the first few cards, there are no clusters; the cards stand alone comprising 

their own cluster. Then, as more and more cards are sorted, clusters start to forrn. The 

ground rules at this point state that no one may criticize another persen ' s idea conceming 

the clustering (deciding where each card will go) which must be executed within 10 

seconds. If there is a conflict about where a card belongs, then it is put into a category of 

it own called, "Deal with this later" . If there are doubles, or redundancies, those cards are 

thrown in the garbage can. After the group grasps an understanding of the group protocol, 

they are on their own to sart the remaining cards into the various clusters. The first part of 

the session ends after all of the cards are sorted. 

The secend half of the Metaplan session is needed to sart out the clusters which 

have grown too large and have several subtopics under it. This secend sessien's ground 

rules consist of having small discussions over a particular index card of no Jonger than 

two minutes. If discussions on a particular card drag on past the time limit, it is once 

again placed in the "deal with this later category". After completing the discussion of the 

cards which can fall under several categories, the group memhers take all of the cards 

from the category which grew too large and disperse them again under other categories. 

After the group is satisfied with the categorization process, narnes had to be given to each 

of the clusters . The name could be derived from a card in the cluster, or can be a new 

name which encompasses the meaning behind all of the cards in the group. The group 

chooses potential narnes by shouting out suggestions to the facilitator who asks for the 

group's approval after each idea. After the naming of the clusters, the Metaplan session is 

over. 

6.2.2 The clustering of the risk factors using Metaplan 

For our Metaplan ·session, the number of risk factors had to be reduced from 1300 to 

about 300 in order to complete this session within the two hour time limit. The objective 

was to find a sample of risk factor cards which best represented all of the cards so as to 

maximize the number of risk factors categorized. As discussed earlier, every group had a 
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list of all the risk factors they generaled as well as a list containing the five most 

important risk factors. Since the top five list was derived from the complete list, (i.e. a 

subset of the complete list), it was definitely representative of the total number of ideas 

given. Also, one group's "normal risk factor" could be another group's "top five risk 

factor". This idea supports the notion of the use of the top five risk factors from all the 

experimental groups as a basis for the clustering process. (Using this rationale, some risk 

factors would not have been clustered, but they are probably a small minority and are 

dealt with after the Metaplan session). Therefore, if all of the groups' top five risk factors 

are used, that would amount to 320 risk factors which would need to be clustered in the 

Metaplan session. The number 320 is obtained by multiplying the number of experimental 

groups: GDSS, NGT and freely interacting groups [3] by the number of groups per 

experimental treatment [8] by their top five risk factors [5] which equals 120. There were 

40 paoled individuals which participated in the study and they each contributed five top 

five risk factors totalling 200 risk factors. Adding 120 with 200 equals 320 risk factors. 

Befare the Metaplan session began, the experimenter wrote all of the 320 risk 

factors out on individual index cards large enough for everyone to see. These cards were 

shuffled so as to randornize their order befare the session began. It is important to 

randornize the cards because the outcome of the sorting procedure could depend on the 

order of the cards, which is actually a drawback of this procedure. But this theory could 

not be tested in this study due to the large number of risk factors, although there are 

several articles which discuss a sirnilar type of sorting procedure and caution against its 

uses, (Pegels and Sekar, 1989; Rosenberg and Kim, 1975). 

The Metaplan session consisled of five people who had organized and/or participated 

in a sports tournament at Eindhoven University of Technology's Student Sport Center. 

lnitially, the facilitator, whowas an experienced outside consultant in the use of Metaplan, 

started the group by picking up an index card, showing it and reading it to the group and 

placing it under one of the 24 numbered categories. There were 24 numbered index cards 

under which the index cards would be placed. The number 24 was selected based on an 

educated guess from the experimenter of the number of "potentially different" types of risk 

factors. The next few cards were approached in the same way and the group incorporated 

the process of calling out the cluster number where they feit the index card best belonged. 

After approximately 50 cards were clustered, the group merobers were able to anticipate 
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each other's responses. The facilitator then divided the rest of the cards between the group 

merobers and asked them to walk around the corkboards and place each index card next to 

what they feit was the appropriate cluster. This task took about twenty minutes. After 

completing this procedure, the facilitator instrucled them to study the clusters on the 

boards and indicate if any cluster seemed too small or too big (containing too many or too 

few index cards). There were two groups which were far too large (one had over 100 

index cards and one had over 50). These clusters had to be resorted. First, however, there 

was a discussion for onderstanding why the cluster was so diverse. This discussion lasted 

about ten minutes. Finally three new categories were created to replace the one big cluster. 

The index cards from this cluster were resorted into the three new clusters. The same 

procedure occurred with the other large cluster. Also, the index cards in the "deal with this 

later" cluster were brought in front of the group and resorted using the new insight that the 

participants had gained from the sorting procedure. There were still a couple of cards 

which were unclear after completing this procedure, and finally it was decided that those 

risk factors were poorly worded or so general that they had no meaning in their current 

state and were discarded. Before the second half of the session, there was a short break. 

The second half of the session was relatively short and required only that a name be 

given to each of the clusters. For this task, the group merobers gathered around the pin up 

boards and looked at the cards under each cluster. The facilitator asked the group to 

volunteer a name for the cluster based on the index cards in the cluster. If no name was 

offered, then the facilitator suggested a name and asked the group whether or not it was 

acceptable. Through discussion, the group determined the suitability of each particular 

name. Often, the name of the cluster was taken directly from an index card in the group. 

No name was accepted as a cluster heading unless everyone in the group approved. After 

the clusters had all been named, the Metaplan session was over. The narnes of the 

categories are listed in Table 6.1 . The actual time of the session was about two and a half 

hours long which included the break. 
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Table 6.1: Categories derived from Metaplan session 

Narnes of all the categories derived from the Metaplan session 

I) communication problems 9) discipline problems 17) party problems 

2) expectation problems I 0) cultural problems 18) team problems 

3) attitude problems 11) organizing problems - 19) logistical problems 
activity problems of committee 
before tournament begins 

4) altendance problems 12) organizing problems - 20) entertainment problems 
activity problems of committee 
during the tournament 

5) pubtic relations problems 13) financial problems 21) medica I problems 

6) organizing problems, 14) external committee 22) volunteer problems 
overall committee problems problems 

7) catering problems 15) no insurance 23) sponsor problems 

8) information problems 16) facility problems 24) referee problems 

6.3 Validating the categories 

The Metaplan session was useful for organizing the risk factors into the various 

clusters and naming those clusters. Since these clusters were the basis for our statistica! 

analysis, these clusters had to be as precise as possible. What could be done to test the 

caliber of these clusters and their names? 

A procedure was created by several researchers (Smith and Kendall, 1963) to 

validate categories which were formed by way of their meaning and the 
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comprehensiveness of their title. This procedure was called the retranslation process. The 

procedure uses a cross check between the outcome from a "bottom up approach" and the 

outcome from a "top down approach". The last section described the placement of risk 

factors into various clusters and then naming them which can be considered a bottorn up 

approach. A top down approach would be if there were just clusters with names, but no 

examples of the contents of each cluster. Using the top down approach, each risk factor 

would have to be placed into a cluster which was already named. By comparing the results 

of the Metaplan session (bottom up) with the results from the top down approach, one can 

see the inconsistencies. These mismatches indicate that either the cluster title is unclear, 



116 cha ter 6 

the risk factors which camprise the cluster are unclear or there is a total misconception. 

Since the subjects of this research have organized tournamenis and have some degree of 

competency, the Jast reason probably does not hold true. A mismatch indicates a problem 

with the cluster, not the subjects themselves. 

In order to gain a better insight on the retranslation process and the task of 

accurately validating these categories, the top down approach was tested on four 

individuals and compared to the Metaplan output. Two out of four of the individuals had 

participated in sports tournamenis while the other two were not specifically familiar to the 

spocts tournament environment. The Metaplan output consisled of several sheets of paper 

which listed all of the risk factors, which were then assigned a number, and their 

designated categories were given. This data was "retranslated" by removing the narnes of 

the categories and shuffling their associated numbers. This shuffled list was given to the 

four individuals and they were instrucled to place the number of each risk factor under the 

category heading that they feit the risk factor best belonged. The output would essentially 

look the same between the Metaplan group and the data from the retranslation process, 

except that under the headings of the categories would appear a number instead of the risk 

factor written out using the top down approach. These numbers could be easily translated 

back into text by checking the corresponding risk factor with the number on the shuffled 

list. 

Using the Metaplan list as a basis, a comparison was made per category. The 

question of interest was, "How many risk factors which were listed under this category 

also appeared in the top down approach?" lt was simple to make a percentage consisting 

of the proportion of coinciding responses between the bottorn up approach and the top 

down approach. The bottorn up approach would be the denominator and the top down 

approach would be the numerator. The totals were taken across all of the categories in 

order to delermine the percentage. For example, if the total number of risk factors to be 

categorized was 100 and 70 of them, using the top down approach, were categorized under 

the same heading as the Metaplan group, then the percentage would be 70 percent. This 

percentage actually reflected the degree of coneerdance (agreement) between both 

approaches. If that number was 100 percent, then both the Metaplan group and the 

individuals performing the retranslation process would be in perfect agreement. In our 

case, the degree of agreement was indeed 70 percent. 
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For such a subjeelive technique, 70 percent is considered quite high and shows that 

the categories which were formed, were indeed accurate and logica! with a few minor 

corrections. For the risk factors that a discrepancy occurred, the "correct" categorization 

was settled by having the experts reach consensus. Expert consensus is further elaborated 

on in the next section. Also, after reviewing the individual's data who performed the top 

down approach, certain pattems arose which were quite consistent amongst the four 

individuals. Namely, all disagreed on several occasions with the Metaplan categorization 

for a particular risk factor and all agreed upon which category that one risk factor should 

be placed under. This type of "error" occurred about five times and was attributed to a 

poorly worded category title. The reasoning was this: in the Metaplan session, there was a 

"history" which went into the naming of the clusters which the individuals performing the 

top down approach did nol know. The top down individuals only saw the titles for each 

cluster. All the individuals using the top down approach imagined the same connotation 

for the tilles and therefore were consistent with each other. These confusing titles were 

subsequently changed after the retranslation process. 

6.4 Expert evaluation 

The ex.perts in this experiment, had several tasks to perform, some before and some 

after the experiment. The experts in my experiments were three individuals whohad all 

actively organized four or more large tournamenis at the Student Sports Center. Because 

of that, these individuals were familiar with the acconunodation of the Sport Center as 

well as typical problems which occur before during and after planning a sports 

tournament These individuals differed from the subjects in the experiment because of 

their level of experience. Most subjects in the experiment just organized once maybe 

twice an international sports tournament Many of the subjects who participated never 

organized a toumarnent, just participated in one. As these experts attest to, every time you 

organize such a tournament, you Jeam so much about anticipating problems which are not 

obvious yet need to be tended to. Furthermore, experience adds the knowledge of realizing 

all the things which can go wrong if not properly taken care of. 

Before the experiment began, the experts were used to provide the experimenter with 

an idea of the types of risk factors to expect from the participants. The entire scenario, 
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along with the decision criteria were developed by the experts before the experiment 

began. Also, in order to check the internal consistency of the experts, a test was used. The 

experts were asked to perform exactly the same task as the subjects in the experiment 

which was to brainstorm individually and think of as many risk factors as possible. Then, 

as a group, they initiated a risk analysis, selecting and prioritizing the top five risk factors. 

These top five risk factors would be checked post experiment to see if there was a 

deviation from their pre- experimental opinions. The time which elapsed between pre~ 

experiment and post- experiment was approximately 11 months. 

As it turned out, the top five risk factors, (now changed to top five risk categories) 

remained constant from pre to post experiment but their rank order slightly changed. This 

condusion was primarily due to the fact that the risk factors turned into risk categories 

and these categories, depending on how they were defined, could be broad or narrow 

based and therefore have an effect on its importance. For exarnple, if the risk factor 

"Participant belongings get stolen" was encompassed into the category, "Discipline 

Problems" and if the other risk factors under this category were: "fights between 

participants", "police is called to settie fights", "people vandalize equipment" and "people 

not following instructions". It is obvious that depending on which risk factor is 

emphasized or the category as a whole, the significanee of the category would change. For 

this task, the experts were required to now evaluate the original risk factors from the risk 

categories perspective. In this case, "discipline problems" seem more important because of 

the many risk factors which it comprises, than merely "participant belongings get stolen" 

and would probably be rated much higher in importance as a category than one of the risk 

factors alone. 

To backtrack a bit, the list of risk factors was created by the use of brainstorming 

individually. In order for the experts to select and prioritize the top five risk factors they 

then had to share their risk factors with one another. The sharing of the risk factors was 

accomplished using the NGT grotip protocol. That meant that a idea was volunteered one 

by one in a round robin to the facilitator (experimenter) who wrote each idea down on 

poster paper stuck to the wall. After the ideas were all listed, they had to select 

individually what they feit the five most important risk factors were and write their 

numbers on separate sheets of paper. This selection process was preceded by a discussion 

over the relative importance of each of the items Jisted on the poster. After the five most 
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important risk factors were selected, they then had to prioritize them. Again, on separate 

sheets of paper, they individually wrote their preferred order for the risks and the 

facilitator performed a rank sum which determined the order the risk factors. This order 

was compared to the post-experimental risk categories rank order. 

Since it was decided that risk categories would be the new unit of measurement 

instead of risk factors, the necessary steps which led to the final categories which involved 

the experts' input are given below. Because of the fact that the experts did not mention 

every risk factor which the subjects did, the experts' list was not an exhaustive list. It 

would be next to impossible to expect that the experts would keep generating risk factors 

which were similar to the ones they had already mentioned. For example, that would be 

like staling that the experts would generale all of these risk factors: "not enough T- shirts 

being sold", "people do not want to buy T-shirts" and "people have no souvenir to take 

home from the tournament". Since these risk factors are practically saying the same thing, 

the experts would not waste their time repeating themselves. The experts practically 

created an exhaustive list of risk factors. Yet it was still necessary for there to be a 

complete master list containing both the experts' and subjects' risk factors as well as 

where they were placed under each category. 

The first step for the experimenter was to inc01-porate all of the risk factors which 

were generated by the participants into the risk factors generaled by the experts. Befere 

this task took place, the experimenter took all of the risk factors from all of the 

participants (1300 responses) and tried to categorize them into the clusters created by the 

Metaplan group. Most of the time, this was very simple to accomplish because there were 

so many redundancies between the not yet translated 980 risk factors and a quarter of the 

responses (320) which had already been categorized via the Metaplan session. It was just a 

matter of repeating what was already categorized. However, there were about 20 new risk 

factors added which had not been classified because they were not considered worthy for 

the top five. These risk factors were not classified by the experimenter, only jotted down 

for the experts to judge later on. 

The experts were presenled several pieces of information to work with. One was the 

list of the top five already categorized risk factors, the second was the discrepancies (risk 

factors which did nol match from the top down and bottorn up processes), and the third 

was the 20 new risk factors which could not easily be categorized that the experimenter. 
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These were the issues that the experts had to evaluate. They also had to choose and rank 

again their choices for the top five risk categories. 

Probably the best starting point for the experts was to evaluate the work of the 

Metaplan group and decide if the risk factors were categorized correctly. Each of the three 

experts received a copy of the categorized list of risk factors from the Metaplan session to 

look over carefully and mark the risk factors which they feit were out of place in that 

category. Once completed, they were asked to put those risk factors which were out of 

place on the list which contained the discrepancies from the bottorn up/top down sessions 

along with the 20 or risk factors which were not yet categorized. What remained was a list 

of risk factors which needed to be categorized and the "correctly categorized" risk factors. 

One by one the experts evaluated the uncategorized list and discussed the placement 

of each risk factor into a particular category. A risk factor was nol placed into a category 

until all three experts achieved consensus and were satisfied with the placement of that 

risk factor. The consensus came from having discussions about each risk factor until 

everyone reached the same opinion, or was satisfied with the placement of the risk factor. 

After the placement of the risk factors, there remained a list which contained all of 

the risk factors and their associated clusters. Now the experts were ready to choose their 

most important risk categories . The experts separately (using the protocol from the NGT) 

recorded on paper their choice for the five most important categories given all of the risk 

factors and information in front of them. The five calegories were delerrnined by vote and 

a rank order was asked of the experts (separate ballols) in order lo delermine the 

prioritization of the risk categories. By way of a rank sum, lhe final rank order was 

determined. The experts had now compieled the role in the experiment. The next section 

will specifically detail the preparation of data for analysis. 

6.5 Preparation of dependent measures for the analysis 

Luckily, most of the dependent measures were relatively simple to prepare for the 

analysis. In fact, most of the preparations for the measures have been explained in the 

metrics section of Chapter 4. So as not to be repetitive, only the last dependent measure of 

calculating the difference in rank score obtained for every group's top five risk categories, 

wiJl be explained here . But first a short explanation of the general preparation used for all 
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of the data is in order. 

The basic idea was to work with the unit "risk categories" instead of "risk factors". 

The only dependent measure which still uses risk factors as the unit to be measured is the 

first one, (total number of risk factors generated). This conversion process was 

implemenled by the experimenter and it entailed going through all of the groups' lists and 

writing a number of the category that each risk factor belonged to next to that risk factor. 

Once the categories were made clear for each risk factor, it was only a matter of counting 

the correct number for every dependent measure, except for the last dependent measure. 

The dependent measure for the prioritization task, "the difference in rank score 

obtained between the experts' top five categories and each group's categories" was 

calculated with a set of three rules. A score was obtained by following these rules. Every 

group got a score, as well as every individual. The individuals were pooled after a score 

was calculated for each individual. Then the score that was entered into the analysis was 

an average of five individuals' scores. Again, these individuals' scores were pooled 

randornly as were all of the other dependent measures. The three rules to calculate the 

score for each group are: 

I) Using the experts' list as a base, check to see if the same category number is present 

on the group's list. 

2) If it is, is it placed in the same rank as the experts' list? If yes, give it a score of 0 

(difference is 0). If it is not, count how many places away it is from the experts' rank and 

give it an absolute value. 

3) Sum up the scores from each individual risk category to delermine the total score. 

Don't forget to take the absolute value of every rank score. 

4) Restriction: The maximum number of points which could be given fora particular risk 

category is the number for the placement of that risk category from its position relative to 

the bottorn of the list (the zero rank). For example, the risk category in the most important 

position (number one on the list of the top five) is five places away from the zeroth 

position. Similarly, the risk category which is least important is in the fifth place (number 

five on the list of the top five) and that is one place away from the zeroth position. 

Consequently, a maximum score of five is given toa risk category when discussing the 

most important risk category, but fortheleast important risk category (according the 

experts' list) a maximum score of one is given. 
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The result of the preparations for the data consists of several sheets of paper (one for 

each dependent measure) with four columns representing each treatment group. Under 

each column is eight separate numbers (observations), which repcesent the eight groups per 

treatment and their associated data for each measure. Each of these dependent measures 

will be entered in its own separate analysis explained in the next section. 

6.6 Statistica) analysis 

This experiment tests the hypotheses to find if there exists differences between the 

four different treatments with respect to group performance. Therefore, it was necessary to 

use a statistica] test which was capable of detecting differences between several 

treatments. The most common foren of statistica! hypotheses testing uses an Analysis of 

Varianee (ANOV A). However, before using the ANOV A several assumptions must be 

satisfied or else the outcome of the ANOV A is suspect. These assumptions are: 

I) The data must have a normal distribution, which is difficult to delermine with 

observation sizes less than 30. The number of observations in this experiment was eight. 

2) The data should be of the interval, not ordinal type. When subjeelive data is used, the 

magnitudes of subjeet's judgments can not be quantified and related to one another, e.g. 

one person's opinion can not be twice as good as another's. Only the order of the data is 

reliable. This experiment primarily uses ordinal data. 

3) If one uses ANOV A, the variances between the samples (observations) must be 

homogenous. On several of the of the dependent measures, this assumption was violated. 

This violation often means that there was a chance that the data came from different 

populations. 

These assumptions all appeared to be violated in some degree or another. Yet often 

in similar studies of this type, ANOV A is still used despite the fact that the assumptions 

are violated. Rather than risk the fact that the results of this research might be invalid, 

another statistica! test was chosen. The Nonparametrie statistica! tests were more suitable 

for the data, because they did not subsume any of the above assumptions of ANOV A and 

are often used in collating subjeelive data. The drawback is that Nonparametrie tests are 

not as robust as performing an ANOV A meaning that it is easier to detect differences 

using the Nonparametrie tests. The nonparametrie tests are also not as rigid as an ANOV A 
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and therefore are more sensitive to slight changes in the data, which could be attributed to 

noise in the data. 

The specific nonparametrie test which was used to compare the differences between 

the treatments, in a pairwise fashion was the Kolmogorov- Smirnov Two Sample test 

(Dickinson Gibbons, 1976; Neave and Worthington, 1991). Significanee levels of .05 and 

.I were used to deleet differences between the two treatments on each of the dependent 

measures. Each group had to undergo a statistical test each time it was compared to 

another group. For every dependent measure, a comparison occurred three times per 

treatment group multiplied by six different dependent measures which equals 18 

comparisons total per group, i.e. 18 times that a group used the Kolmogorov - Smimov 

Two Sample test. The Kolmogorov Smimov test is fully explained in Appendix B. 

The statistica! package which was used to analyze the data was SPSS. 
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Chapter 7 

Results 

7.1 Introduetion 

Before reviewing statistica! analysis, it is appropriate to provide a brief description 

of the sample used in the analysis. The experimental sample was derived mainly from 

students who were currently participating in student sport clubs at Eindhoven University of 

Technology. These participants chose a date to participate in the experiment which 

automatically d.ivided them into the various treatment groups. Each of the four treatment 

groups' performance were compared toeach other across six dependent measures. These 

dependent measures reflected the three types of subtasks which were neerled during the 

risk analysis experimental task. 

This chapter strives for an orderly progression for the presentation of the data. This 

task is accomplished by dividing the chapter into the six research questions, listing the 

associated hypotheses and statistics. The tables in this chapter contain the treatment means, 

along with a graphical plot of the treatment means, pairwise contrasts between the 

treatment groups, and tïnally a summary of the data in relation to the hypothesis. The 

means table of the treatment groups reflects the numerical average of the eight 

observations within each treatment, and for all the four treatments, on behalf of that 

specific dependent measure. Similarly, a graphical plot of the treatment means is used to 

better grasp the trends of the data. The pairwise contrasis between the treatment groups 

show the degree of significanee between the groups, using the Kolmogorov- Sm.imov Two 

Sample test. For each dependent measure, six contrasts need to be evaluated in order to 

compare all four treatment groups with each other. Each pair of contrasis has a value 

which reflects the degree of statistica! similarity between the two treatment groups. If the 

treatment groups are not statistically different, (i.e. having a value exceeding probability (p 

> .1)), then that indicates the values in the means table should not be used to detect rank 

order differences between those two groups. In other words, despite the means table 

showing one treatment as having a higher value than another treatment, statistically, they 

should be considered non - distinct. These comparisons are made clear as the section 
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progresses. 

7.2 Generating more ideas during brainstorming 

This subsectien provides the results which answer our first research question. 

Research Question 1: Are pooled individuals better than the other group approaches 

in helping generate more risk factors during a brainstorming task? 

The means table (Table 7 . I) illustrates on an absolute scale which of the four treatment 

groups' average values for generating more risk factors was highest. Table 7.1 also shows 

the standard deviation for each treatment group. 

Table 7.1: Means table for number of risk factors generated during brainstorming 

Level Count Mean # Risk Factors Standard 
Deviation 

GDSS Groups 8 51 .25 8.34 

NGT Groups 8 31.63 6.72 

Freely Interacting Groups 8 20.88 10.05 

Pooled Individuals 8 70.50 17.39 

Ta tal 32 43.56 5.69 

Figure 7.1 shows a boxplot of the means found in Table 7.1. Notice in the graphical 

representation of the means, the Jack of overlap between the four treatment groups. This is 

an indication of the degree of distinction between the groups. The greater the overlap of 

the area in the boxes, the smaller the difference between the groups. 

The Kolmogorov - Smirnov Two Sample Test shows the level of significanee 

between each of the treatment groups. If a Kolmogorov - Smirnov value below .OOI is 

obtained, it is considered significant at the p < .OI. If a value between .OI and .05 is 

obtained, it is considered significant at the p < .05 level. If a value between .06 and .09 is 

obtained, it is considered significant at the p < . I 0 level. 
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Table 7.2 displays the contrasts, values, the test for significanee and the associated p value 

if significanee is found. 

Table 7.2: Table of contrasts, Kolmogorov- Smirnov Values, and associated p- levels 

for number of risk factors generated 

ContrasiS Kolmogorov - Sign i ft cant p- level 
Smimov Values between groups? 

GDSS- NGT .OOI yes .OI 

GDSS- Freely Interacting .OOI yes .OI 

GDSS - Pooled Individuals .022 yes .05 

NGT - Freely Interacting .087 yes .10 

NGT- Pooled Individuals .OOI yes .OI 

Freely Interacting - Pooled Individuals .OOI yes .OI 
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The above mentioned p values reflect the level of significanee in relation to whether 

the two treatment groups are similar. This p value is indirectly linked to the significanee 

of the hypothesis. However, a review of the hypothesis and a study of the means table is 

needed before definitive statements are made. 

Hypothesis 1: Pooled individuals will generale more risk factors for the brainstorming 

task Jo Ilowed by groups which use the GDSS, then groups which use the NGT, and then 

freely interacting groups. 

This hypothesis seeks to make a comparison between the four group treatments. For this 

hypothesis, a 2 by 2 pairwise comparison is necessary to confirm the assertions, (i.e. six 

separate comparisons). 

The pooled individuals treatment is expected to be better than the other treatments. 

In order to accurately compare the four treatments, both the means and Kolmogorov -

Smirnov values are necessary to delermine if statistica! significanee exists. To check, one 

must look in the table of contrasts and in the means table. The table of contrruits (Table 

7.2) shows if there is a statistica! difference between the groups. Specifically, we are 

interested in if the pooled individuals treatment is different than the GDSS, NGT and 

freely interacting groups. In order to check that assertion, one needs to look at three 

separate values in the table of contrasts. If there is significanee between any two 

conditions (found in the Table of Contrasts), then the means table should be consulted to 

see which treatment had a higher value. The mean number of risk factors column of 

Table 7.1 can be used to show the rank order between the four treatments. According to 

Table 7. I, the pooled individuals had the highest average number of risk factors foliowed 

by the GDSS, then the NGT, and finally the freely interacting treatment. 

This process leads to an interesting outcome for the results. From the contrasts table 

(Table 7.2) one can see that there is a statistica! difference between all of the treatments 

and the pooled individuals. There were also statistica! differences found between all of the 

treatments. Therefore, it was easy to order them from best to worst. The order from best 

to worst for the treatment which had the most number of risk factors generated was pooled 

individuals, groups which used the GDSS, groups which used the NGT and lastly freely 

interacting groups. Table 7.3 summarizes the performance predictions made in the research 
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question, provides the actual outcome and reveals whether or not there were differences 

found between the groups. 

Table 7.3: Summary of Hypothesis 1 's results 

Hypothesis number 1 Performance predictions Actual outcome Significant 
differences 

Pooled individuals wiJl generale Pooled individuals > GDSS > Pooled Yes 
more risk factors for the NGT > Freely interacting individuals > 
brainstonning task foliowed by GDSS > NGT > 
groups which use the GDSS, then Freely interacting 
groups which use the NGT, and 
then freely interacting groups 

Hypothesis I was accepted by finding differences between the groups. Furthermore, the 

performance predjctions coincided with the results. 

7.3 Generating more accurate ideas during brainstorming 

This subsection provides the results of the second research question. 
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Research Question 2: Are pooled individuals better than the other group approaches 

in generating more accurate risk categories in terms of their importance? 

Table 7.4 is the means table for this second hypothesis. lt shows the absolute difference in 

the mean number of accurate risk categories produced by each treatment group. 

Table 7.4: Means table for number of correct risk categories generated during 

brainstorming 

Level Count Mean # of Correct Risk Standard 
Categories deviation 

GDSS Groups 8 4.125 1.13 

NGT Groups 8 3.875 .64 

Freely Interacting Groups 8 3.375 1.30 

Pooled Individuals 8 3.008 .80 

Total 32 3.596 .50 
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According to Table 7.4 the GDSS treatment had the highest number of correct risk 

categories present on the overall list foliowed in order by the NGT, freely interacting 

group and paoled individuals treatrnents. The standard deviations for the different 

treatments look about normal, (i.e., are about equal). By evaluating the means and standard 

deviations, it is evident that the treatments are very similar which indicates that the 

differences between the groups are oot be highly significant, if at all significant. 

Figure 7.2 is the graphical representation of the values in the means table shown 

above. There is some degree of overlap of the box areas along the vertical axis in this 

plot, which provides an indication that the results will nol be highly significant, if at all 

significant. 

5.0 

4.5 

4.0 
#of Accurate 3.5 

Risk Categories 3.o 

Present on 2.5 

List 2.0 

1.5 

1.0 

0.5 

0.0.&..---------------
GDSS NGT FREE IND 

Treatments 

Figure 7.2: Number of most important risk categones present on the list 
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Table 7.5: Table of contrasts, Kolmogorov- Smirnov Values, and associated p- levels 

for correct number of risk categones generated 

Contrasts Kolmogorov - Significant P- level 
Smimov Values between groups? 

GDSS- NGT .627 no ---

GDSS- Freely Interacting .627 no ---

GDSS - Pooled Individuals .087 yes .10 

NGT - Freely Interacting .964 no ---

NGT- Pooled Individuals .087 yes .10 

Freely lnteracting - Pooled Individuals .27 no ---

The above mentioned p values reflect the level of significanee in relation to whether the 

two treatment groups are similar. Remember, the treatment groups still have to be 

compared to the hypothesis and the means table in order to determine if the hypothesis is 

confirmed or not. Hypothesis 2 is repeated below. 

Hypothesis 2: Pooled individuals wil/ generale more accurate risk categories for the 

brainstorming task foliowed by groups which use the GDSS, then groups which use the 

NGT and then freely interacting groups. 

As mentioned in the last section, if a "yes" appears in the table of contrasts (Table 

7.5), it is worthwhile to check the means table (Table 7.4) to see what the rank order of 

performance was for this dependent measure. After checking the means table for all the 

treatrnents, it is obvious that all of the groups performed better than pooled individuals. 

The next question to ask was if this difference between the groups was significant. It 

appeared that the GDSS, NGT and freely interacting groups were statistically equal to 

each other and the GDSS and NGT groups were statistically different from the pooled 

individuals. Table 7.6 summarizes the results for Hypothesis 2. 
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Table 7.6: Summary of Hypothesis 2's results 

Hypothesis number 2 Performance predictions Actual outcome Significant 
differences 

Pooled individuals wil! generare Pooled individuals > GDSS > GDSS = NGT = Yes 
more accurate risk categories for NGT > Freely interacting Freely interacting 
the brainstorming task foliowed GDSS, NGT > 
by groups which use the GDSS, pooled 
then groups which use the NGT Individuals 
and then freely interacting groups 

There were statistica! differences found, but not in the same order as was originally 

thought in the research question. Here, the GDSS and the NGT groups did equally as well 

and they were both better than the paoled individuals which was nol expected. Hypothesis 

2 is confirmed because of the differences found among the groups. 

7.4 Generating more unique ideas during brainstorming 

This subsection presents the results of research question 3. 

Research Question 3: Are pooled individuals better than the other group approaches 

in generating more unique risk categories? 

Table 7.7 shows the results of analyzing the rneans and standard deviations for each of the 

treatment groups on this dependent measure. 

Table 7.7: Means table for number of unique risk categories generated during 

brainstorming 

Level Count Mean number of Standard 
Unique Risk Categories Deviation 

GDSS Groups 8 16.750 1.17 

NGT G roups 8 16.375 .92 

Freely lnteracting Groups 8 11.12 3.68 

Pooled Individuals 8 17.250 1.75 

Total 32 15.375 1.08 
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The treatment group with the highest average number of unique risk categories generaled 

was the pooled individuals foliowed by the GDSS, NGT and freely interacting treatments. 

Figure 7.3 is a graphical representation of the values given in means Table 7.7. 
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Figure 7.3: Number of unique risk categones 

Notice the degree of overlap in this figure. The GDSS, NGT and pooled individuals have 

a high degree of overlap sharing practically the same values and standard deviation while 

the freely interacting group is totally different from the other groups. The freely 

interacting group not only has a very different mean from the other groups, but its 

standard deviation more than doubles the other groups. A standard deviation which is 

completely unique to the other treatment groups probably indicates a non-homogencity of 

variances. Luckily, for the Kolmogorov - Smirnov Two Sample test, a prerequisite for 

usage is not whether the variances between the samples are equal. If using an ANOV A, 

the entire analysis could be suspect, due to nonhomogeneity of the variances. 
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Table 7.8: Table of contrasts, Kolmogorov- Smirnov Values, and associated p- levels 

for unique number of risk categories generaled 

ContrasiS Kolmogorov- Significant p- level 
Smimov Values between groups? 

GDSS- NGT .627 no ---

GDSS- Freely Interacting .022 yes .05 

GDSS - Pooled Individuals .27 no ---

NGT - Freely Interacting .004 yes .OI 

NGT- Pooled Individuals .627 no ---

Freely Interacting - Pooled Individuals .004 yes .OI 

The above discussed p values reflect the level of significanee in relation to the similarities 

between the two treatment groups. They still have to be compared to the means table in 

order to delermine if the hypothesis is confirmed or not. Hypothesis 3 is repeated below. 

Hypothesis 3: Paoled individuals wil! generale more unique risk categories for the 

brainstorming task foliowed by groups which use the GDSS, then groups which use the 

NGT and thenfreely interacting groups. 

As explained in the last section, if a "yes" appears in the table of contrasts (Table 7.8), it 

is worthwhile to check the means table (Table 7.7) to see what the rank order of 

performance was for this dependent measure. After check.ing the means table, it can be 

seen that the paoled individuals treatment did the best foliowed by the GDSS groups then 

the NGT groups and then the freely interacting groups. However after looking at the 

Table 7.8, one can see that the paoled individuals the GDSS, and the NGT groups were 

not statistically different from each other. All of these three groups differed from the 

freely interacting group. Table 7.9 summarizes these results. 
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Table 7.9: Summary of Hypothesis 3's results 

Hypothesis number 3 Performance predictions Actual outcome Significant 
differences 

Pooled individuals will generale Pooled individuals > GDSS > GDSS = NGT = Yes 
more unique risk categories for NGT > Freely interacting Pooled 
the brainstorming task foliowed individuals 
by groups which use the GDSS, GDSS, NGT, and 
then groups which use the NGT Pooled 
and then freely interacting individuals > 
groups. Freely inleracting 

Hypothesis 3 was confinned because there were differences found between the four group 

treatments although the order of the differences was not always that significant. 

Furthermore, the paoled individuals were statistically the same as the GDSS and the NGT 

groups, i.e. they did equally as well. The main difference was between those three 

treatments and the freely interacting treatment. 

7.5 Making higher quality selections 

The following results provide an answer to Research Question 4. 

Research Question 4: Are freely interacting groups better than the other group 

approaches for selecting a higher percentage of important risk categones from the 

generaled list? 

The means tab Ie below (Table 7 .I 0) shows the averages within each of the treatments for 

the dependent measure "percentage of correct risk categories se!ected" out of the 

categories already present on the list. Consulting the rank order between each of the 

treatrnents, one can see that the treatment with the highest percentage of correct risk 

categories selected was the NGT. The second highest treatment was the freely interacting 

groups, foliowed by the paoled individuals and lastly the GDSS groups. 
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Table 7.10: Means table for percentage of correct risk categories selected 

Level Count Mean Percentage of Standard 
Correct Risk Categories deviation 
Selected 

GDSS Groups 8 50.75 31 .96 

NGT Groups 8 73.13 27.24 

Freely Interacting Groups 8 67.50 30.24 

Pooled Individuals 8 54.48 16.21 

Total 32 61.46 13.55 

Figure 7.4 provides a graphical representation of the results in the above means table 

(Table 7.1 0). Notice the degree of overlap between the treatments. Although the standard 

deviations appear to be somewhat different (see Table 7 .10). 
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Figure 7.4: Percent of most important risk categories selected from list 
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Checking the Kolmogorov - Smirnov values wil! delermine if these differences between 

the groups are significant. Table 7.11 provides those values in reference to the pairwise 

contrasts between the treatments. 
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Table 7.11: Table of contrasts, Kolmogorov- Smirnov Values, and associated p- Jevels 

for percentage of correct risk categories selected 

ContrasiS Kolmogorov - Significant P- level 
Smirnov Values between groups? 

GDSS- NGT .627 no ---

GDSS- Freely Interacting .964 no ---

GDSS - Paoled Individuals .964 no ---

NGT - Freely Interacting .964 no ---

NGT- Paoled Individuals .270 no ---

Freely Interacting - Paoled Individuals .627 no ---

Si nee Table 7.11 shows that there are no statistica! differences between the groups, no 

benefit would be gained by reviewing the means table. However, for purposes of 

consistency, the fourth hypothesis will be displayed along with sumrnary of the data below 

in Tab1e 7.12. 

Hypothesis 4: The freely interacting group wil[ select a higher percentage of the most 

important risk categories out of the ones already present on the generated list followed by 

the groups which use the NGT, then groups which use the GDSS and then pooled 

individuals. 

Hypothesis 4 was not confirmed by the data due to the fact that there were no statistica] 

differences found between the four groups. 
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Table 7.12: Summary of Hypothesis 4's results 

Hypothesis number 4 Performance predictions Actual outcome Significant 
differences 

The freely interacting group will Freely interacting > NGT > Freely interacting No 
select a higher percentage of the GDSS > Pooled individuals = NGT = GDSS 
most important risk categories out = Pooled 
of the ones al ready present on the individuals 
generaled list foliowed by the NGT = Free = 
groups which use the NGT, then Ind = GDSS 
groups which use the GDSS and 
then pooled individuals. 

7.6 Making more accurate selections 

This section presents the results which answer the following research question. 

Research Question 5: Are freely interading groups better than the other group 

approaches for selecting a greater number of the most important risk categories from 

the generaled list? 

Table 7.13: Means table for the number of correct risk categories selected 

Level Count Mean number of Standard 
Correct Risk Categories deviation 
Selected 

GDSS Groups 8 1.875 1.13 

NGT Groups 8 2.750 .88 

Freely Interacting Groups 8 2.000 .76 

Pooled Individuals 8 1.525 .28 

Total 32 2.037 .42 

Notice that the means are slightly different, although not radically different. The 

differences become more apparent when the standard deviations between the treatments 

are considered. Table 7.13 shows that the treatment which produced the highest correct 

number of risk categories was the NGT treatment. The NGT treatment was foliowed by 
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the freely interacting groups, then the GDSS groups and lastly the pooled individuals. To 

get a better "feel" of the means and standard deviations, it helps to look at a graphical 

representation of the data found in Figure 7.5. 

Table 7.14: Table of contrasts, Kolmogorov- Smirnov Values, and associated p- levels 

for correct number of risk categories selected 

ContrasiS Kolmogorov - Significant p- level 
Smimov Values between groups? 

GDSS- NGT .087 yes .10 

GDSS- Freely lnteracting 1.0 no ---

GDSS - Pooled Individuals .087 yes .10 

NGT - Freely Interacting .27 no ---

NGT- Pooled Individuals .022 yes .05 

Freely lnteracting - Pooled Individuals .087 yes .10 

In Figure 7.5 there is a slight overlap of the areas representing each of lhe 

treatments. However, one still needs to look at a table of pairwise contrasts of the 

treatments to determine if these differences are significant. Tab ie 7. 14 provides the results 

of the Kolmogorov - Smirnov analysis along with their associated p- values. 

Since Table 7.14 indicated that there were statistica! differences between the 

treatments, it is advisable to review the means table to determine the rank order of the 

treatments in relation to their perfonnance for this dependent measure. The fifth 

hypothesis is stated below. 
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Figure 7.5: Number of correet risk categories seleeted from list 

Hypothesis 5: The freely interacting group wilt select more important risk categories from 

the generared list foliowed by the groups which use the NGT, then groups which use the 

GDSS, and then paoled individuals. 

A summary is shown in Table 7.15 in relation to the hypothesis. 

Table 7.15: Summary of Hypothesis S's results 

Hypothesis number 5 Performance predictions Actual outcome Significant 
differences 

The freely interacting group will Freely interacting > NGT > NGT = Free Yes 
select more important risk GDSS > Pooled individuals NGT > GDSS > 
categories from the generaled I i st lnd 
foliowed by the groups which use 
the NGT, !hen groups which use 
the GDSS, and then pooled 
individuals. 

There were differences found between the groups, therefore confirming the hypothesis. In 

fact, the rank order was exactly as planned as predieled by in the research question 

although statistically, the differences were nol always significant. 
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7.7 Making quality judgements duringa ranking task 

This section wiJl provide the results for the last research question. 

Research Question 6: Is using a GDSS better than the other group approaches in 

producing more accurate judgement rankings? 
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Table 7.16 displays the means and standard deviations for each condition for this ranking 

task. 

Table 7.16: Means table for the dilTerenee in rank values compared to the actual 

rank 

Level Count Mean difference in Standard 
Rank Value Compared Deviation 
to the Actual Rank 

GDSS Groups 8 11.25 2.12 

NGT Groups 8 11.50 1.61 

Freely lnteracting Groups 8 11 .88 1.72 

Pooled Individuals 8 12.35 .90 

Total 32 11.74 .82 

This means table differs from the other means tables in that it uses, a lower value in the 

means column to represent better performance. This change from high to low is owing to 

the fact that we are talking about differences between obtained values, and actual values. 

With this type of measure, a smaller difference means closer to the actual value (which is 

more desirable). After looking at Table 7.16, one can delermine which treatment produced 

better ranks. Here, one can see that the GDSS treatment performed the best, foliowed by 

the NGT groups, then the freely interacting groups and lastly the pooled individuals. For a 

visual representation of the data one should consult Figure 7.7. 

Figure 7.7 illustrates that there exists a lot of overlap between the various treatments, 

hence a good indication for smal! or no differences between the treatment groups. In order 

to find out if these differences are significant, the table of pairwise contrasiS must be 

consulted. The table of contrasts for this data is found in Tab ie 7.17. 
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Figure 7.6: DilTerenee in rank values between the experts' and group's ranks 

Table 7.17: Table of contrasts, Kolmogorov- Smirnov Values, and associated p- levels 
for the dilTerenee in rank values compared to the actual values 

ContrasiS Kolmogorov - Significant P -level 
Smimov Values between groups? 

GDSS - NGT .96 no ---

GDSS- Freely Interacting .627 no ---

GDSS - Pooled Individuals .022 yes .05 

NGT - Freely Interacting .627 no ---

NGT- Pooled Individuals .27 no ---

Freely Interacting - Pooled Individuals .27 no ---

Table 7.17 shows that the only contrast which was considerably significant was between 

the GDSS groups and the pooled individuals. In order to see if the hypothesis was 

confinned or nol, the hypothesis needed to be reviewed along with the rank order of the 

means table (Table 7.16). 
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Hypothesis 6: The groups which use a GDSS will come closer to the expert's rank values 

for the prioritization task foliowed by the groups which use the NGT, then the freely 

interacting groups and then the pooled individuals. 

Table 7.18 gives the sumrnary of the results in relation to the hypothesis. 

Table 7.18: Summary of Hypothesis 6's results 

Hypothesis norober 6 Perfonnance predictions Actual outcome Significant 
ditTerences 

The groups which use a GDSS GDSS > NGT > Freely GDSS = NGT= Yes 
will co me closer to the expert' s interacting > Paoled Freely interacting 
rank valnes for the prioritization individuals GDSS > Paoled 
task foliowed by the groups individuals 
which use the NGT, then the NGT = Freely 
freely interacting groups and then interacting = 
the paoled individuals Paoled 

individuals 

The results of this table are a bit confusing. It seems as if the transitive law does not 

apply here. In the actual outeome column, there appears to be a few statements whieh are 

inconsistent with each other. The GDSS treatment had the best performance by obtaining a 

rank which was ciosest to the experts' rank. However, the NGT and freely interaeting 

groups were not signifieantly different from the GDSS group, yet they were also not 

signifieantly different from the pooled individuals. It is however clear that the GDSS 

treatment did perform the best while the othet eonclusions drawn are a bit suspect. It is 

difficult to use the statistica! analysis to determine if the aetual outcome was the same as 

the predieled outcome. However, judging by the only the treatment means, the aetual 

outeome was the same as the predieled outeome. 

The next ehapter diseusses these results and their interpretations. 
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Chapter 8 

Discussion 

8.1 Introduetion 

This chapter is broken down into several subsections each of which examines this 

study in varying levels of detail. These levels range in perspeelive from specific issues 

which occurred during the experiment to the impact of this research on the application 

field. The sections which deal with specific issues relating to the experiment are entitled, 

"Major findingsof the results", and "Connection of the results with the literature". The 

next section examines the intemal validity of the study and is entitled, "Difficulties of the 

experiment". The last section tries to place this experiment in a larger context, namely, 

relative to the rest of the literature and to the people who can use the results of this 

research. The last section is entitled, "Importance of study". 

8.2 Major findings of results 

8.2.1 DitTerences between the GDSS treatment and the NGT treatment 

The purpose of this section is not to compare the usefulness of GDSS over NGT, but 

inslead to point out the differences and similarities between them across all six dependent 

measures. The practicality and value of using a GDSS is explored in a later discussion 

section. The reason for exploring these differences is to compare the performances of the 

two similar types of group approaches (GDSS and NGT) as was suggested in Chapter 4. 

For the first dependent measure - "number of risk factors generated" - the means 

tab ie (Table 7.1) revealed that the GDSS groups generaled more risk factors than the NGT 

groups. Since the standard deviations in Table 7.1 appeared to be along the order of the 

same magnitude for the GDSS and NGT treatments, one could conclude that the two 

means look relatively different, in relation to their standard deviation. To be sure, 

reviewing at the contrast table (Table 7.2) revealed that the GDSS and NGT treatments 

have a very low similarity rating, shown by their Kolmogorov- Smimov Value. This 
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meant that these two treatments were very significantly different from one another. Since 

the GDSS treatment had a higher mean than the NGT treatment, the condusion was drawn 

that the GDSS treatment performed significantly better than the NGT for generating more 

risk factors. 

For the second dependent measure, "correct top five risk categories present on the 

overall list", the means table (Table 7.4) reveaJed that the GDSS treatment generaled a few 

tenths of a point of more correct risk categones than the NGT treatment. 1t is difficult to 

delermine from this data aJone which of the two treatments is superior. After reviewing 

the standard deviation lisled in the sarne table, the GDSS groups had considerably more 

standard deviation than the NGT groups. That was a large difference. But is it enough to 

cancel out the difference in the means? The answer was revealed in the table of contrasts, 

(Table 7.5). The contrast of GDSS and NGT displayed a nonsignificant Kolmogorov

Smirnov similarity rating. This indicated that the two groups which were compared were 

similar. Statistically, they were considered the same. Therefore, in answer to the question 

which treatment group performed better on the measure, "number of correct risk categories 

genera led". neither the GDSS or NGT groups was better. The GDSS treatment performed 

equally to the NGT treatment. 

For the third dependent measure, "number of unique risk categones generated", the 

means table (T;~ble 7.7) staled that the GDSS treatment had practicaJly the sarne average 

score of risk categories, as the NGT treatment. The standard deviations between the two 

treatments were also very sirnilar. The closeness of these mean vaJues suggested that the 

chances were high that these treatments were not statistically different from one another. 

To confirm this, the table of contrasis (Table 7.8) showed no significanee between the 

GDSS and NGT groups. Once again, for this dependent measure of generating unique risk 

categories, the GDSS and. NGT did not significantly differ from one another. 

For the fourth dependent measure, "percentage of correct risk categories selected", 

the means table (Table 7.10) revealed that the GDSS treatment had a lower average 

percentage of correct risk categories selected than the NGT treatment. Without looking at 

the standard error column, that difference appears to be quite large. However, after 

reviewing the standard error column, the GDSS treatment revealed a large deviation which 

indicated that the means from both treatments were overlapping. In order to see if there 

were differences between the two treatments, the contrasts table (Table 7.11) was 
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consulted. The Kolmogorov- Smimov value was high enough so that a difference between 

the GDSS and NGT treatments was not proven statistically. Therefore, the conclusion once 

was that the GDSS and NGT treatments performed equally for this dependent measure of 

percentage of correct risk categories selected. 

The fifth dependent measure was, "number of correct risk categories selected". The 

means table (Table 7.13) revealed that the GDSS groups had a lower average number of 

correct risk categories selected as opposed to the NOT treatment. The standard errors for 

the ODSS groups was a bit higher than the NOT groups. It would appear that the NOT 

did better on this measure than the ODSS due to its higher mean score and lower standard 

deviation but the table of contrasts needed to be consulted. This table (Table 7.14) stated 

that in fact, there was a significant difference at the p < .10 level between the NGT and 

ODSS treatments. In this case, it was the NOT treatrnent which performed the best and 

was significantly better than the GDSS treatment. 

For the last dependent measure, "difference in rank values compared to the actual 

rank", the means table (Table 7.16) notes an average rank which was better for the ODSS 

groups over the NGT groups. Their means were not relatively different, nor were their 

standard deviations. The table of contrasts confirmed this observation (Table 7.17) by 

showing that the Kolmogorov - Smirnov va!ue was nol low enough to indicate a 

difference between the two treatment groups. Hence the condusion for this dependent 

measure is that the ODSS and NOT groups performed statistically equally when having to 

rank ideas in the right order, although the ODSS treatment did statistically better than 

another treatment. 

8.2.2 Trends and generalizations of task type between the four treatments 

The last section compared the performance of the NOT and ODSS treatments across 

all six dependent measures. This section organizes the results into performance per task 

category. Under each category exists different metrics which were mentioned in Chapter 4. 

This section attempts to tie in the performance of all of the treatments on each of the 

dependent measures across each task type. (At this point, it might be helpfut to look at 

Figure 4.2). The purpose of doing this approach was to demonstrate if any one treatment 

"dominated" any one type of task in terms of high performance. The results of this section 

are derived from the sumrnary tables in sections 7.2 - 7.7. 
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Table 8.1 combines the task categories, hypotheses and their levels of significanee 

into one table. 

Table 8.1 Summary of performance across task types and treatments 

Task Hyp # I sig 11 sig ID 

Brain I IND .05 GDSS .OI NGT 
stor-
ming 2 GDSS ... NGT ... FREE 

3 IND --- GDSS --- NGT 

Sele- 4 NGT --- FREE --- IND 
ction 

5 NGT --· FREE --- GDSS 

Rank 6 GDSS --- NGT --- FREE 
judge 
ment 

I = best performance on the dependent measure 
11 = second best performance on the dependent measure 
111 = third best performance on the dependent measure 
IV = fourth best performance on the dependent measure 

sig IV I-111 U-IV 

.10 FREE .OI .OI 

--- IND --- .10 

.OI FREE .05 ---

--- GDSS --- ---

.10 IND .10 .10 

--- IND --- ---

I-IV 

.OI 

.10 

.OI 

---

.05 

.05 

This table at first glance might appear complicated. However, it is not so. The 

table's task column represents which portion of the experimental task the results are 

focused on. The "hyp #" column specifically Jets the reader know which of the six 

hypotheses the results are referring to. Columns I through IV represent the treatment 

which had the best performance for that hypothesis down to the treatment which had the 

worst performance. The "sig" columns represent the level of significanee (if any) between 

the columns with the Roman numerals. The last three columns in the right side of the 

table represent comparisons made for that hypothesis between the performance for two 

treatments. These two treatments can be identified by their column placement for that 

hypothesis. Perhaps it would be helpful to go through one example of interpreting the first 

row of the table starting with the brainstorming task, hypothesis I. The treatment with the 

best performance is the pooled individuals (column I) foliowed by the GDSS treatment, 

NGT treatment and lastly the freely interacting treatment. There was a significanee level 

of .05 between the pooled individuals and the GDSS treatment (implying a significant 

difference in performance in favor of the pooled individuals). Furthermore, the GDSS was 
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significantly better than the NGT treatment ( significanee level of .0 I) and the NGT was 

significantly better than the freely interacting treatment (significance level of .10). In the 

next column (I-lil) the interpretation is that the I treatment (pooled individuals) are 

significantly better (.0 I) than the lil group (NGT treatment). Similarly, the next column to 

right states that the GDSS treatment is significantly better than the freely interacting group 

with a value of .0 I. Lastly the furthermost right column shows that the paoled individuals 

are significantly better than the freely interacting group treatment with a p value of .0 I. 

After evaluating Table 8.1 's column entitled ("I" - treatment which had the best 

performance for that hypothesis) is difficult to draw the condusion that any one treatment 

statistically dominaled the other group techniques across the various task types. For the 

brainstorming task, the GDSS and NGT treatments did wel!, but did nol perfarm better 

than the paoled individuals. Since many sourees of literature show that paoled individuals 

perfarm better while brainstorming than do face to face groups, the results obtained from 

this experiment coincided with this theory for both the first and third hypotheses. 

For the selection task of hypothesis 4, all of the four treatments were statistically 

equal in their performance. For hypothesis 5, which involved selection without discussion, 

the NGT performed the best. With only two instances which measured the performance of 

one selection task, it is difficult to make a generalization for this task type. Although, the 

NGT treatment did not do statistically better than many of the other treatments for the 

selection task, the NGT did outperfarm the other treatments on both hypotheses 4 and 5 

judging by their means. Perhaps if there were more groups tested, statistica! significanee 

would have been achieved. 

For the rank judgement task, the GDSS treatment performed the best foliowed by the 

NGT, freely interacting and paoled individuals treatments. The only significanee found 

between any of the two treatments was between the GDSS and paoled individuals 

treatments. The rank values were evidently large enough between the best and the worst 

treatments in order to produce a statistica! difference. No other treatments were found to 

outperfarm each other. Because there was statistica! significanee found in at least one 

comparison, it can be conduded that the GDSS treatment was statistically better than the 

other treatments. Although one could question the degree of certainty of this condusion 

based on the fact that the difference found was present in only one out of six comparisons. 
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8.2.3 Insight into the results 

The purpose of this subsection is to share with the reader my beliefs as to why this 

study obtained the results that it did. The results which are discussed here in detail are the 

results which did not match the predictions of the research questions. Since the results 

from hypothesis I tumed out as planned, the same justification given in Chapter 4 holds 

here as wel!. For the second hypothesis, it was predieled that the pooled individuals would 

perfarm the best foliowed by the GDSS, NGT and freely interacting treatments. Inslead 

the results revealed that the pooled individuals did significantly worse than the GDSS and 

the NGT treatments for the dependent measure "number of correct risk categories 

generated". I now believe that for generating lists which need to contain ideas that are 

important (correct), convergent thinking needs to occur in order to promate as many 

possible ideas for brainstorming. In the brainstorming group sessions, this situation 

occurred. Although groups in the GDSS and NGT conditions, were encouraged to think as 

divergently as possible, the group merobers still had a chance to see if their opinions 

coincided with each other by camparing their ideas with the other group members, while 

the pooled individuals never had that opportunity. In order to follow a true brainstorming 

procedure, the participants in the both the GDSS and NGT groups should only look at the 

ideas generaled from the other participants and use them to trigger new possibilities. If 

evaluation goes on during the idea generation, real brainstorming is hindered, yet the 

convergence to a particular focal point is perhaps facilitated. However, brainstorming 

without evaluation is difficult to control in the test (GDSS and NGT) treatments. Just the 

idea that each group member was able to gauge his/her ideas against others probably 

helped the groups in the GDSS and NGT stay focused. For dependent measures like the 

"number of total risk factors generated" and the "number of unique risk categories", it may 

be more advantageous to be divergent in thinking, but for obtaining correct risk categories, 

it may be better to have several reference points to campare and contrast with. In 

summary, I fee! that the GDSS and NGT treatments provide the group members a chance 

to make other ideas known while helping facilitate more accurate ideas generated. 

For the third hypothesis which dealt with the "number of unique risk categories 

generated", it was somewhat surprising that the significanee levels between all of the 

treatments were nol more pronounced. Similar to the case of hypothesis 2, it appeared that 

the GDSS and NGT treatments performed statistically the same and they both differed 
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from the pooled individuals and the freely interacting treatments. As was discussed in 

reference to hypothesis 2, the pooled individuals probably had a better chance to be more 

divergent in their idea generation than the GDSS and NGT treatments. This added 

structure imposed on the GDSS and NGT groups might have been enough of a 

constraining force that generating wild ideas was hindered. In the pooled individuals 

treatment, there was no constraint, nor check to see if the individual's ideas were really 

different, (hence unique). Therefore, I believe that the pooled individuals could have had 

an advantage for generating more unique ideas than the GDSS and NGT groups. 

For the fourth hypothesis, it was surprising that there were no differences detected 

between the groups. I believe that this is caused by the dependent measure itself. This was 

one of the dependent measures which had never been used before this experiment, nor was 

it tested. I assumed that it would be necessary to not only look at the absolute number of 

risk categorîes selected (hypothesis 5) from the generaled list but to also see which correct 

risk categories were selected given that they might not have been present on the list to 

begin with. While it sounded like a reasonable measure in its creation, it was never tested 

to see if it was a valid measure. 

The fifth hypothesis showed the superiority of the NGT treatment over the freely 

interacting treatment. The predieled performance was that the freely interacting treatment 

should perform better than the NGT treatment. I believe that the NGT treatment performed 

better than the freely interacting treatrnent because it is not smart to have a chaotic open 

interaction between the participants for selection tasks, some form of order is probably 

advantageous to have within the meeting. Since the selection task is a type of intellective 

task, literature tells us that benefits to the outcome of the decision wiJl occur if an 

exploratory discussion exists and group memhers form opinions, and make these opinions 

known to others before making a selection. However, in order for the group not to get too 

sidetracked, with everyone voicing their opinions, it helps to have some form of structure 

to stay on the topic. The NGT treatment had both nonanonymous discussion combined 

with the opportunity to take sides in an argument, yet the NGT treatment had a strong 

communication protocol. 

Lastly, hypothesis 6 did not reveal large differences between the groups, despite the 

fact that the GDSS treatment did perform best. I believed that feedback between the group 

memhers allowedthem to hear and understand each other' s ideas about which risk 
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category was important. Within all the face to face group treatments in the experiment, 

there were opportunities för the group memhers to hear one another's ideas and get 

feedback on their own ideas. This feedback is probably what enabled the groups to get 

better results (lower ranks) than the pooled individuals who had no feedback at all. It was 

however, surprising that there were nol larger differences between the treatments. I do not 

have an explanation for this. 

8.2.4 Overview of results in relation to quantity, accuracy and quality 

It is also possible to evaluate the results from a different perspective: on the metrics 

level, rather than on the task level. It is helpful here if the reader refers to Figure 4.2. 

Notice in Figure 4.2 there are three experimental task types, and under the brainstorming 

task, there are three metrics. Under the selection task, there are only two metrics and 

under the prioritization task, there is only one metric. It was nol possible due to the 

experimental task changing too much to design this experiment with three different metrics 

for each task type, each relating to quantity, quality and accuracy. If three different 

metrics were used for each task type, extra steps in the experimental procedure would 

need to be added. If these steps were added, the experimental procedure would nol 

resembie the task types in both the GDSS and risk analysis literature. However, if three 

metrics for each task were measured, it would be easier to show consistency of the metrics 

across the different task types. For example, if quality was assessed, it would be assessed 

three times, across each task type. Therefore, if a treatment's performance did the best on 

two out of the three quality metrics, then that group's performance would be reliable in 

reference to producing quality responses. If the treatment only did well on one of the three 

dependent measures which measure quality, then that treatment's responses would not be 

consistent in relation to the quality metric. 

8.2.4.1 Quantity- The only dependent measure which measures quantity is the 

number of risk factors generated. As mentioned earlier, the -treatment which significantly 

performed the best was the pooled individuals. It is difficult to make the statement that 

pooled individuals' performance dominales the other three treatments in terms of quantity 

because the performance on this dependent measure is the only data point which exists. 

8.2.4.2 Accuracy - There are two dependent measures which are classified as falling 

under the accuracy metric. The first dependent measure was for the brainstorming task 
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designated, "number of accurate risk factors generated". The second dependent measure 

that was used for the selection task was "correct number of risk categories selected". For 

the brainstorming task, the GDSS and the NGT treatments performed significantly better 

than the other two treatments. However, neither the GDSS treatment nor the NGT 

treatment did significantly better than one another. For the selection task, the NGT 

treatment did significantly better than the other treatments. What can we conclude from 

these two measures of accuracy? Although there are only two measurements, the 

experiment suggests that the NGT treatment might perform better than the other treatments 

in terms of accuracy. However, this can nol be further proven with this experiment. 

8.2.4.3 Quality - There are three dependent measures which are classified as a metric 

for quality. Each dependent measure falls under each task type. For the brainstorming task, 

the dependent measure was, "number of unique risk categories generated". For the 

selection task the dependent measure was, "percentage of correct risk categories selected". 

For the rank judgement task, the dependent measure was, "difference in rank values 

compared to the actual values". For the brainstorming task, the pooled individuals 

treatment performed statistically the best. For the selection task, no treatment performed 

statistically better than the others. For the rank judgement task, the GDSS and the NGT 

treatments did equally, yet only the GDSS treatment did statistically better than the other 

treatments. Based on this evidence, it can not be concluded that any treatment is 

statistically better than another in reference to quality. 

8.2.5 Subjective quality assessment of GDSS 

The title of this thesis indicates an intention to study the quality of a Group Decision 

Support System. Up until this point, all of the performance measures which have been 

discussed have been "objective" in nature. Here, "objective" should be interpreled as 

factual or unbiased to an individual's perception. To map the performance measures in this 

experiment to the metrics, there were three objective metrics: quantity, accuracy and 

quality. Although these metrics were not specified as "objective" up until now, they in fact 

were. One can delermine whether or not a metric is "subjective" (based on feeling) by 

looking at whether the data can be considered interval data. Objective performance 

measures are usually concrete and able to be quantified. While subjeelive performance 

measures are derived from the individual's perception and are potentially vulnerable to 
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human bias. Yet subjeelive measures such as "motivation to use the GDSS for decision 

making as a preferred method" and "commitment to the decision outcome" can also be 

useful for assessing the overall value of GDSS. 

Subjeelive measures such as malivation and commitment in a Iabaratory environment 

are non realistic performance measures, because of the artificiality of the setting. Subjects 

wllich participate in experiments such as this are individuals who are either participating 

for the money or course credit and are usually just anxious to do the experiment and get it 
c 

over with. Asking someone who will never have to work with the GDSS again, "Would 

you like to make future decisions with the GDSS?" is setting oneself up for failure, and is 

in my apinion a useless measurement. 

However, despite the fact that "molivation and commitment to use the GDSS" were 

not measured in this Iabaratory experiment, they are extremely useful questions to ask 

people in real organizations which might interact with a GDSS on a frequent basis. Many 

researchers which use GDSS in nonlaboralory environments ask the users these subjeelive 

kinds of questions and often obtain extremely positive feedback in subjeelive measures as: 

"perceived time savings by using GDSS", "motivation to use GDSS" and "commitment to 

abide by the outcome of the GDSS session" (Nunamaker et al., 1989). I also believe that 

these subjeelive measures, are often more important than the objeetive measures in 

evaluating the quality and value of a system Iike the GDSS. This issue is briefly touched 

upon in the last chapter's discussion of the overall value of GDSS in an organization 

which perfarms risk analyses (section 9.7). 

8.3 Conneetion of the results with the literature 

This seclion correlates the results which were obtained in this experiment with 

previous Iiterature studying the same research issues. The literature will aid in providing 

possible explanations for the results obtained in this research. 

8.3.1 Do the results support or contradiet existing literature? 

This question is the essential one that all researchers ask themselves after completing 

a major research experiment. In order to answer this, one needs to review the literature. 

Since there are six separate research questions, a simpte "yes" or "no" will not suffice to 

the above question. Each research question and hypothesis has to be reviewed separately. 



Discussion /55 

Also, what makes answering the above question so difficult is the fact that for practically 

every research question, there are opposing views according to many different studies. Part 

of the opposition occurs because the studies which are used as a comparison do not have 

common input or output variables. Similar studies might either have the same input or 

output variables, but rarely have both the same input and output variables. Below is an 

attempt to match as closely as possible the variables of the target Jiterature and those of 

this experiment in order to answer the question whether the results support or contradiet 

existing literature. The matching of the literature will occur for each task category/type 

below. 

1) Brainstorming task -Most of the literature which includes groups which brainstorm 

make comparisons between several independent variables such as: group size, group 

history, cohesiveness, physical proximity between the members, task structure, and 

different levels of group (coordination). In a sense, this experiment tested different types 

of group coordination and task structure, (although it was not formally staled in this way): 

a GDSS group (high task structure and high coordination), a NGT group (high task 

structure and high coordination), a freely interacting group (low task structure, Iow 

coordination), and pooled individuals (high task structure, no coordination). 

The potential variables used in other studies which can possibly campare to this 

study are: level of anonymity, electronic versus non electronic groups and nomina! (pooled 

individuals) versus interacting groups. 

Reeall the results of the brainstorming task from the experiment. For two out of the 

three dependent measures: quantity (number of ideas generated) and quality (defined in 

terms of uniqueness of the ideas) the paoled individuals performed better. In an 

experiment (Gallupe et al., 1991) which used practically the exact same group treatments 

as my experiment as well as the same dependent variable: number of nonredundant ideas 

(number of ideas generated), the researchers set out to prove that the GDSS treatment 

would perform better than all of the other treatments. The main difference was between 

their electronic-non- interacting treatment and the NGT treatment from this experiment. In 

their case, the electronic- non interacting treatment specified that the individuals would 

record their answers into an individual personal computer, not on a pad of paper as our 

NGT subjects. In both studies, neither of the participants were allowed to interact with one 
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another. Their reasoning was: that electronic brainstorming would reduce the production 

blocldng that limits the productivity of noneleetronie brainstorming groups because the 

dectronie brainstorming technology allows individuals to both benefit from seeing co

members' ideas and entertheir own ideas at wil!. They then hypothesized that dectronie 

interacting groups would produce more ideas than eleetronlc nominal groups and 

noneleetronie nominal groups would outproduce noneleetronie interacting groups, which 

was consistent with previous work. Their study revealed that the highest number of ideas 

resulted from the electronic non- interacting treatment, (their electronic equivalent of our 

pooled individuals) foliowed by the GDSS treatment, pooled individuals, and lastly the 

freely interacting group. The results from this experiment somewhat support this study's 

results in the sense that the pooled individuals did the best compared to their eleetronic 

pooled individuals treatment. In addition, the other results of my research were supported 

by their research because the GDSS treatment in both studies did not have the most 

superior performance. 

A similar study, (Beauclair, 1989) involved comparing four treatments: 1) groups 

which received GDSS aid for the brainstorming and voting/rating tasks, 2) groups which 

reeeived only GDSS aid for brainstorming, 3) groups which only received GDSS aid for 

voting/ranking and 4) groups which received no GDSS support for either task. The 

dependent variabie which can be compared to our study was deeision quality. Beauclair 

found that the quality was not significantly higher in groups with computerized 

brainstorming than in those groups without it. This result is consistent with the findings of 

this research. 

As discussed earlier, anonymity, and the lack thereof, was used in a number of 

studies as a independent variabie and can parallel to some extent the treatments from our 

study. Connolly et al. (1990) used a 2 X 2 factorial design crossing anonymity 

(anonymous/non anonymous) with Evaluative Tone (criticaVsupportive). Their dependent 

variables which were similar to the dependent variables in this experiment were: number 

of original solutions (quality metric), and number of overall comments (quantity metric). 

The "anonymous treatments" for our experiment during the brainstorming task were the 

GDSS treatment, and the pooled individuals. The NGT treatment was anonymous for the 

initia! generation of the risk factors, but then when the ideas were being recorded and 

further brainstorming was allowed to continue, anonymity was lost. The NGT could be 
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considered slightly anonymous. Our freely interacting group was not at all anonymous. 

Connolly et al. ( 1990) found that anonymous groups tended to genera te more variabie 

problem solutions (quantity) than did identified groups. There were no statistica! findings 

obtained for the average salution rarity and quality per item yet the groups which worked 

anonymously with a critica! confederale produced the greatest number of original 

solutions. 

The results of this experiment proved consistent with Connolly et al. 's results for the 

metric, "quality". Connolly et al. recorded that his anonymous groups generated more 

solutions which coincided with the paoled individuals treatment in this experiment (the 

most anonymous treatment in this experiment). For the quality metric, the results were not 

highly significant yet the anonymous groups did perfarm better than the identified groups, 

which coincided with our results to some degree. 

Lastly, Dennis, ValaciCh and Nunamaker, (1991) performed a study which tested 

pooled individuals against groups which were supported by a group decision support 

system. After reviewing more than 80 empirica( studies which tested pooled individuals 

against all different types of groups using different types of structured or unstructured 

support, they discovered that not one study has ever found groups to outperfarm paoled 

individuals. The dependent measures used in their study were: number of unique ideas 

and the total quality of the ideas (which was related to the number of unique ideas). Their 

study was the first documented case in which groups have ever outperformed pooled 

individuals at idea generation. The results of this study contradiet the findings of Dennis, 

Valacich and Nunamaker's study. 

In summary, in comparison to similar literature for the brainstorming task our results 

were mixed but tended towards consistency with the majority of the literature. 

2) Selection task - In reviewing the GDSS literature, the word "selection" does not appear 

in reference to a particular type of task. The ciosest synonym to "selection" found was 

"choice" which is the name of a quadrant in McGrath's (1984) circumplex. Reeall that the 

"choice" quadrant is divided into two types of subtasks: 1) intellective and 2) decision 

malàng (preference) tasks. An intellective task is a task for which there is a correct answer 

based on shared forma! logica! criteria, regardless of whether the answer is intuitive and 

demonstrable. An intellective task differs from a decision malàng task in several ways. A 
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decision making task (preference task) is a task for which the "correct" answer is the 

answer agreed upon by the decision rnaicing group based on shared values and norms, 

social comparison and intluences, or shared information, (McGrath, 1984). 

In evaluating whether or not this research's findings were consistent or Contradietory 

with similar research, this selection task is compared to other studies which have tested 

groups using intellective tasks. Gallupe (1990) used an intellective task for comparing the 

decision quality of groups versus the decision quality of individuals within the group. His 
t: . 

experimental task was very similar to this experimental task. His task was called a multi-

part judgement task that required group memhers to rank a set of alternatives from best to 

worst. Decision quality was measured after the subjects have done each subtask: 

I) rank and analyze the case individually 

2) rank alternatives individually 

3) initiale discussion about the case 

4) organize and elaborate alternatives 

5) rank alternatives as a group 

6) resolve any conflict 

7) vote on alternatives to reach consensus. 

Notice the similarity of these subtasks to the ones in the experiment. One of the major 

differences between my experiment and Gallupe's, is that after many of the subtasks in 

our experiment, a dependent measure was used to track the performance of the treatments, 

with regard to each subtask. In fact, this study's research tries to break down the 

"intellective task" category into smaller increments which can be tested every step by step. 

However, for comparison purposes, the two studiescan only be compared in the "global" 

sense, becauseboth of the tasks are considered "intellective". A detailed "blow by blow" 

comparison of the outcomes for each subtask can not be made between the two studies. 

In terros of the dependent measure, overall decision quality which was the difference 

between the expert rankings and the group and/or individuals' rankings, was calculated for 

all groups pooled together. Gallupe combined both the GDSS groups with the nonGDSS 

groups to compare those results with the average of all of the individuals' initia! rank 

orderings. In this study, the combined GDSS and nonGDSS groups performed statistically 

better than the group's average members. Despite the fact that comparisons between GDSS 

groups and nonGDSS groups were nol made, the data is still available, and can be used as 
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a means of comparison to our study. Judging from the closeness of the values in their 

table it appears as though there were no statistica) differences between the GDSS groups 

and nonGDSS groups for decision quality. This result was confirmed by the results from 

the experiment for the selection task. For decision quality, the experiment obtained no 

differences between the treatments (hypothesis 4). 

There are few other researchers which have tested intellective tasks in any k.ind of 

experiment sirnilar to ours. The test variables which have been used in their experiments 

are entirely different to testing different types of groups as was the case in the experiment. 

Theories whlch are now starting to form in relation to intellective tasks are concemed with 

information richness and making the optima) fit between the particular type of 

communication mode (which includes GDSS and other types of audio, video and computer 

systems) and the task demands. These emerging studies are very practically oriented. 

3) Judgement task - There were açtually two judgement tasks in the experiment, one was 

a holistic rank.ing which occurred before the risk analysis, and the other was a ranking of 

the risk factors after assessing the probabilities of occurrence and impact during the risk 

anaiysis. One may argue that the second ranking was also a holistic rank.ing (i.e. judging 

the relative importance of each risk factor based on an overall feeling rather than weighted 

values on particular dimensions). I argue that the weighted values of the risk factors were 

fresh in everyone's rninds as they ranked holisticaily the risk factors for the second time. I 

would define this second rank.ing as a combination of an intellective task and a preferenee 

task. 

Reeall the above definition of a preferenee task which stated that the answer is based 

not on shared forma! logica) criteria but on individual personai values. In fact, by sharing 

data and discussing the relative dangers of each risk factor under consideration in various 

subtasks, group memhers are learning the views of the other memhers and are probably 

heing swayed towards those views, in many if not most cases. Similarly, the group 

memhers also leamed the reasoos hehind why some group memhers thought a risk factor 

had a higher chance of occurrence or greater impact on the project if that memher's 

assessments differed greatly from the other group memhers. A group memher will not 

erase everything he/she has just leamed from the entire group session when ranking the 

risk factors. Yet, the true rank order is based on a right answer derived from the experts in 
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this research which is staled as a primary condition of the intellective task. 

In order to campare the findings of this research with similar studies, there must be 

a common link between the task types and variables. I do not know if I should be 

camparing my results for the second ranking with an intellective task or a preferenee task. 

Furthermore, I can not use a combination of both types of tasks as a comparison because 

they do not have compatible objectives; in fact the success strategies for both of these 

tasks are opposing one another. In the other comparison studies, both the independent and 
' dependent variables were not similar to my study. Some might say that reaching consensus 

(majority of comparison studies' dependent variable) directly opposes rank ordering ideas 

based on expert opinion (my experiment). To quote several researchers who tested both 

the intellective task and the preferenee task within one study and compared the dependent 

measures: equality of influence between the group members, and post meeting consensus, 

"When solving an intellective task, the main focus is on the search for the right answer. 

Agreement among group members, is a secondary benefit With a preferenee task, the 

search is not for the "right answer" but for a "mutually agreed upon answer" (Tan et al., 

1991). 

To summarize, the judgement task results can not be compared well with the 

existing literature in order to see if the results that were obtained support or contradiet the 

literature. 

8.3.2 Expected results and negative findings 

For the majority of the research questions which were formulated, there were strong 

expectations regarding the outcome of the performance measures. For the brainstorming 

task, although there has only been two doeurnenled cases of GDSS groups outperforming 

pooled individuals, (Dennis, Valacich and Nunamaker, 1991; Gallupe et al., 1992) it does 

nol seem illogical based on intuition that groups which use a GDSS will perfarm better 

than other types of unsupported groups. This Iogic dictates: a number of studies have 

established the superiority of structured group decision making over unstructured group 

decision making. (Delbecq et al., 1975; Gustafson, et al., 1973; Linstone, and Turoff, 

1975; Rohrbaugh, 1979; Rohrbaugh, 1981 ). Furthermore, DeSanclis and Gallupe (1987) 

proposed that more demoeratic decisions with a higher decision quality can occur with aid 

from the computer. Therefore, if structure improves decision outcome as well as computer 
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assistance, than a GDSS which combines structure and computer assistance will further 

improve the decision outcome (Tan et al., 1991 ). However based on previous group 

literature studies, it was oot at all eertaio that the GDSS would outperfarm the other 

groups. Since the group literature overwhelmingly staled that pooled individuals would 

perform best, the research question did oot differ, despite the tempting arguments used for 

suggesting the superiority of the GDSS treatment. 

The results which were "expected" were those which coincided with the research 

questions. Those results which were unexpected were the statistically insignificant results 

and the results which were obtained but were exactly opposite than what the original 

research question suggested. The next few paragraphs explain only the unexpected results 

obtained from the study. 

The unexpected results from the second research question are: the pooled individuals 

generaled more accurate risk factors than the GDSS groups. Despite the fact that all three 

dependent measures for brainstorming are different, there was no distinction made for 

predicting performance across the treatments between the three dependent measures. The 

Jiterature does not distinguish these dependent measures and sametimes the literature tries 

to claim that they can be treated as the same (Diehl and Stroebe, 1987). In my experiment, 

performance differences existed between the three dependent measures for the 

brainstorming task. Furthermore, the results did not turn out as expected for the second 

hypothesis. For this accuracy metric, both GDSS and NGT did better than the paoled 

individuals, going counter to the prediction. It is interesting to note that in terros of 

generating more risk factors, and more unique risk categories (hypothesis 3), the pooled 

individuals did better than the GDSS and NGT treatments. Yet while the pooled 

individuals may be creatively more advanced and produce more than the other structured 

group techniques (GDSS and NGT) it appears that thesetalentsof creativity and high 

performance might affect their ability to think through each risk factor and generate risk 

factors which are really important. lt could be that the lack of constraints on the pooled 

individuals might keep them from being focused on the specific problem at hand. 

The fourth and fifth hypotheses' results came as a bit of a surprise. lt was expected 

that the freely interacting treatment would do better than the NGT, GDSS and paoled 

individuals treatments. In both hypotheses, the NGT treatment did the best and the freely 

interacting group treatment did second best. This differed from the original prediction that 
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the freely interacting treatment would outperfarm the NGT treatrnent. However, bath the 

NGT and freely interacting treatments did perfarm better than the GDSS and paoled 

individuals which goes along with the original prediction. In the fourth hypothesis, there 

were no statistica! differences found at all between the treatments, which was not at all 

expected. 

As discussed earlier, this selection task was classified as belonging to the intellective 

task group. The success of performing an intellective task is measured by the difference 
c . 

between the salution obtained and the correct answer. Tan et al. ( 1991) and Gallupe 

( 1990) maintained that improving the quality of intellective tasks involved weighting 

heavily the input from the more knowledgeable group memhers and not utilizing to such 

an extent the information given by the Jess knowledgeable group members. Builtinto the 

GDSS by default, is the capability that the contributions from each of the memhers are 

weighted equally. Yet equality of influence is not an advantage while executing 

intellective tasks. On the contrary, it indicates that even more knowledgeable group 

memhers are giving way to other group members. Although there is not much 

experimental research which tests these theories, our results would tend to support Tan et 

al.' s hypotheses des pi te the fact that we did not find the freely interacting treatment to be 

better than the NGT treatment. 

8.4 Difficulties of experiment 

8.4.1 lmplications of a laboratory experiment 

In Chapter 4, it was discussed that there were drawbacks of doing Iabaratory 

experiments. These drawbacks included more problems from the theoretica} side rather 

than the practical side. They were: 

I) All the group treatments in the experiment were groups without a previous history. In 

other words, these groups have never worked with each other and they were contrived just 

for ex perimental purposes. This factor could have an effect on the data. Chidambaram et 

al. ( 1990) performed a longitudinal study which watched groups de vel op over time and 

saw significant changes in group behavior. Chidambaram et al. ( 1990) found in their study 

that group behavior (and hence group performance) changedover time for GDSS and 

groups which had no support. They suggested that GDSS researchers should be careful 
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about drawing strong conclusions from groups without a previous history because these 

groups and their performance do not teil the entire story. Therefore, caution should be 

heeded when examining the results of the study. 
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2) It might be questionable whether or not this study contributes to the actvancement of 

the GDSS and risk analysis fields. Although, this point will be discussed in section 8.5, it 

still can be used as an argument against performing a Iabaratory experiment. To explain, 

within the GDSS literature, many researchers claim that there is not enough commonality 

between studies to make sufficient claims or develop accepted paradigms (Gray et al., 

1991). The reasans cited are a lack of commonly used independentand dependent 

variables, experimental task scenarios, number of people per group etc ... . Although this 

experiment chooses its input and output variables selectively, this Iabaratory experiment 

can be accused of contributing to the disorder. 

3) Because nobody has ever repeated this experiment, the reliability of the results obtained 

from this experiment, in relation to other studies, is unknown. Due to the fact that this 

experiment has not yet been replicated, one neects to maintain caution when making claims 

from the research and using the results to imprave a different setting. 

As a result of performing a Iabaratory experiment, one can say that there was a 

large degree of artificiality in this experiment. One reason just mentioned was the fact that 

these groups had no history with each other. The next few reasans refer to section 5.2.1 in 

its discussion of the location of participants and the sampling design used. In section 5.2.1, 

three of the four rules to maintain consistency and randomness across groups were used. 

They were: 1) to avoid scheduling people from the same sport club together, 2) to balance 

the level of memher experience with and between groups, and 3) to avoid having close 

friends in the same group. These three rules were in themselves highly artificial in 

comparison to what occurs in a real organizing committee of a sports tournament Why 

were these rules adhered to? Because this was one way that I could try and control those 

intervening variables from developing into confaunding variables. lf these rules were not 

adhered to, there would be a large risk that certain groups would be biased from the start 

of the experiment. 
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8.4.2 Were the group techniques too difficult to master? 

In both the Nomina! Group Technique and the GDSS groups, new group protocols 

and procedures · had to be learned before performing the task. In trying to avoid too long of 

an experimental procedure, it was not possible to do a few practice runs with either group 

protocol before the start of the experiment. lf there was an initial wann up exercise for the 

group in actdition to the experimental task, the session would have exceeded two and a 

half hours. This lengthy procedure could have adversely affected performance on the 

primary experimental task. Perhaps a practice run was not as critica! for the NGT groups 

as it was for the GDSS groups. The GDSS groups not only had to learn the group 

interaction procedure, but there was an additional borden placed on the GDSS group 

memhers which required learning the software (which is mainly self explanatory) and 

typing in their inputs. In previous GDSS studies, groups using this software who were new 

to GDSS evaluated their level of satisfaction for the outcomes as not different to 

nonGDSS groups, nor were there differences in typing speed effect the outcome, 

(Nunamaker, et al., 1989). This study can, however, be accused of not providing adequate 

time for groups memhers to learn the group protocol. If in fact subjects in this experiment 

were on a serious leaming curve (which was nol tested), then our results could he suspect. 

Actually, one can not rule out this explanation for descrihing the data, especially since the 

pooled individuals in the experiment did better than the GDSS condition for the first 

experimental subtask - brainstorming. It is possible that the GDSS groups were still trying 

to adjust to their software and new environment which might have hindered their 

performance more than the pooled individuals which did not have these protocols and 

procedures to contend with. 

However, if the GDSS groups had the most to worry about in terms of protocols and 

procedures, then it could also be inferred that their performance should he the worst of the 

treatments. Clearly, this result was nol the case. In fact, in four out of the six hypotheses, 

the GDSS groups performed the best or second best. With such a high performance, it is 

difficult to use this argument to find fault in the experimental procedure in relation to the 

GDSS groups. The NGT groups are similar, with high performance on many of the group 

tasks. In fact, the NGT also groups scored the highest on two out of the six dependent 

measures. Based on the results from both the GDSS and NGT groups, it is highly unlikely 

that the newness of the group protocols largely effected the data. 



Discussion 165 

8.4.3 Foreign language probieros 

This experiment was condocted in both Dotch and English, eqoally 50 percent in 

each langoage. For this reason langoage, or more correctly, not onderstanding a langoage 

may have played a role in the ootcome of this research. The participants were Dotch 

nationals, yet had a very high proficiency in English. As either corrent or former stodents 

of the technica( oniversity or local college, they all needed to have mastery of the English 

langoage. Their written instructions were given to them in Dotch while their spoken 

instructions and facilitation was in English. The facilitator told them that at any point, if 

they failed to onderstand the directions, written or verba!, it would be explained to them. 

These sobjects proved undeterred from asking questions when they did not onderstand. 

Often, one of the other memhers in the groups would try to explain the translation to the 

confused party. Otherwise, the facilitator provided an explanation. 

The instructions were written by this researcher, a native english speaker, and I tried 

to adhere to the rule, "keep it simpte". Simple language was used, and things were 

explained in the instructions in order to facilitate its understanding. This experiment was 

conducted in both Dutch and English because the experimenter thought that it would not 

be fair to force the memhers to do it in a language in which they were not entirely 

comfortable. Yet I, as the facilitator, coold not facilitate the group in a language which 

was only partially familiar to me. The participants' English was far better than my Dutch 

at the time. Therefore, the facilitator mainly used English. However, each participant had 

the choice of interacting in either Dutch or English. 

Since the experiment was conducted in two langoages the question, "Were the 

participants affected by the fact that they could nol perfarm the entire experiment in their 

native language?" could be asked. What I, as the facilitator, originally told the participants 

during the experimental session was that I woold prefer it if they coold write (or type) 

their answers in English, yet they did not have to abide by this wish if it woold hinder 

their performance. lf they feit oncomfortable writing in English or did not know the 

English translation of a few risk factors, they coold ose the Dotch word for it. The 

experimenter did not want to pose additionaJ probieros for the participants by having them 

get bogged down in langoage harriers. To answer the above question, it is certainly 

possible that the participants coold have had some difficolties with the langoage, even 

thoogh the experimenter tried to reassure the sobjects that if langoage posed any problems, 



166 cha ter 8 

they could always switch back to Dutch. There also exists the possibility that "pride" or 

not wanting to show a less than expert grasp of English factored into the experiment. 

However, this language protocol was the same across all treatment groups because of 

randornization and should not, therefore, show up in only one treatment group's results. 

The next step after the experimental sessions were completed was coding the data. 

However, before the coding could be accomplished, the data needed to be translated into 

one uniform language. All of the risk factors which were generated in Dutch were 

translated into English by a native Dutch speaker whose English was quite advanced. The 

Iranslator has also organized a number of sport toumaments at Eindhoven University of 

Technology's Student Sport Center. The translator was asked by the experimenter to 

translate word for word if possible and not to "add" any meaning to the risk factors. Some 

participants were very general in the way they described a risk factor. Even though the 

translator could guess what they meant by their overly general risk factor, the translator 

was asked not to write his interpretation of it just translate literally the word. In the 

experiment, the subjects were asked over and over to be as explicit as possible when they 

wrote down their risk factors. It was not up to the translator to make the answers more 

comprehensible if they still chose to write a general answer. By using only one Iranslator 

it was possible to reduce inconsistencies in the translations. 

8.4.4 Knowledge gained from hindsight 

The next four subsections reflect the choices I made and difficulties I encountered by 

having to live by the consequences of my decisions for the experiment. At the time, the 

decisions I made conceming this experiment seemed like the right thing to do. However, 

due to lack of insight or miscalculation, difficulties arose because of these decisions. In 

hindsight, things always appear more clear. 

8.4.4.1 Riskfactors into categories - One of the weak points in this research results 

from the creation of 26 categories of risk factors. If there had been other categories by the 

experts created than the ones which were, there is a strong possibility that the results 

might have changed. It is unclear, however, that the results would have changed to the 

point that a hypothesis which was found to be significant would have changed to 

nonsignificant or vice versa. Furthermore, steps such as the retranslation process were 

incorporated to support the consistency of the categories. 
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Having the Metaplan session which determineo the categories was a practical 

decision for solving the dilemma of 1300 responses from the subjects which were needed 

for this research. lt was initially believed that the risk factors could be judged merely on 

their own merit, categories would not be needed. Yet, after reviewing much of the data, it 

appeared that there were many different levels of detail in the responses. The results of 

conducting the experiment by this method was a breadth versus depth problem. It needed 

to be decided if it was better that a group detailed one kind of risk factor, or if the group 

listed many different types of risk factors and without further explaining each suggestion. 

This decision played significantly on the way in which the risk factors were partitioned 

into categories. As it was later decided, it was more important for a group to mention 

different types of risk factors rather than focus on the many divergent aspects of one type 

of risk factor. 

The choice of breadth versus depth was based on the idea that if this had been a risk 

analysis for an actual situation, then attention would eventually be given to the finer 

details of the risk factors during the risk management phase. lt was not necessary to focus 

on the detail during the generation phase. Furthermore, the premise of using a group for a 

risk analysis was to facilitate the synthesis of a wide range of perspectives towards the 

decision problem. These perspectives are better demonstraled as a wide array of responses 

versus variations on the same theme. 

If this research was to be repeated, I would still opt for categories of risk factors. 

However, I might not employ the Metaplan session to decide which categories were 

created. Instead, I would probably have the experts set up these categories beforehand as 

wellas the criteria for how the categorizations were to be executed. Yet these categories 

might not have been complete if they were created before the experiment. Therefore, there 

was something gained from hindsight. 

8.4.4.2 The tradeoffs between letting the participants think freely, or giving them 

multiple choice - Before the categorization problems ever arose, there were choices 

between allowing the participants make their own associations or supplying them cues 

(categories) which they could use to generale risk factors during the brainstorming 

subtask. One might initially wonder why the participants would need cues to helpthem 

brainstorm. None of the studies on groups which brainstorm provided cues to the subjects. 

Yet these studies are in the fieldsof group dynamics and GDSS's. However, literature in 
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the field of risk analysis question providing people with checkJists and other decision aids 

to help them with their risk anaJysis. It would have been possible to provide the subjects 

of this experiment with a checkJist of risk categories, which they could have used to 

provide detail under each category. This aJternative would have served as another form of 

collecting data - in terms of depth, not breadth. 

Group literature discusses brainstorming in many different types of decision making 

environments. These decision environments are not unlike performing a risk anaJysis. 

None of the group literature advises providing a checklist for brainstorming. The probable 

explanation for that is that using a checkJist would invaJidate the brainstorming procedure. 

Based on the fact that the group literature encompasses more generaJ knowledge 

concerning executing a group brainstorming session without contradicting the specific 

application area, no checkJist was used during brainstorming. 

The greatest disadvantage of not using a checkJist came after the condusion of the 

experiment when it was realized how many different levels of detail there were for the 

1300 risk factors generated. As explained in Chapter 4, the risk factors generaled in this 

experiment could be at several levels of abstraction, e.g. some general and some specific . 

After realizing how many risk factors there were, a multiple choice format would have 

greatly helped the analyzing of the data. It would have been so much easier to have been 

able to code answers via a number and not via words. No individuaJ judgement would 

have been necessary for each answer and a statisticaJ anaJysis could have been 

accomplished straight from the data, without a large intermediary step of coding the data. 

Only entering the data into a computer program would have been required. 

Even though multiple choice would have reduced the workload of the experimenter 

and the subjects, the drawback would have been that the subjects would no Jonger be 

thinking bias- free. The subjects rnight not have thought of those responses on their own 

without the help of the cues. In other words, the cues or checkJist would be putting ideas 

in their heads, i.e. they would be leaming from the checklist. In idealized brainstorming, 

group memhers should be Jearning from each other. That process perhaps was the most 

important reason that a checklist or multiple choice type format was not used . 

8.4.4.3 The use of the experts - The experts' knowledge was used differently before 

and after the experiment. Before the experiment, the experts created the case description of 

the tournament along with the criteria which was used to evaluate the success of the spocts 
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toumament. The experts also had to derive the weighting for each criteria which decided 

the relative importance of the criteria to each other. The experts were then asked by the 

experimenter to generale every risk factor which could jeopardize the success of the sports 

toumament. Initially this process was supposed to be the final comparison list to judge 

each groups' performance. After completing the generation of the risk factors, the experts 

assistance was thought to be finished as comparisons between the experts' list and the 

experimental groups were thought to be possible by the experimenter alone, without any 

need for the experts' input. As it was later discovered, the experts' responses did not 

include every risk factor from the 1300 responses which were generaled during the 

experiment. Insteadof amending the experts' list, a new strategy was formed after the 

experiment: to use categones instead of risk factors for five out of the six dependent 

measures. Therefore, the experts had to be called back to participate after completion of 

the experiment. 

Conducting the experiment Iasted about ten months after it was defined by the 

experts initially. Minor problerns arose as the experts tried to refresh their memories and 

tried to reeall the answers which they had originally provided ten months earlier. Since the 

experts had not been occupied with thoughts about sports toumaments within the last ten 

month period, they initially found it difficult to remember the original order of their risk 

factors. Later on, it was decided that the experts should not try to remember their old rank 

orders but to think of them from scratch in order to measure consistency from their initia! 

position. Minor deviations did occur, but they were mainly due to the changing of the 

wording from risk factors to risk categories. After making an initial rank order for the risk 

factors, they then had to scan the new risk factors derived by the experimental subjects 

which they had not thought of already. Again they were asked to check their rank order 

and decide if they had overlooked something that they thought was important. 

The experts then had to validate the categones which were developed in the 

Metaplan group, and after approving those categories, use them to reclassify their top five 

risk factors under the different categories. Next they reranked these categories in terrns of 

their importance. Once this rank was completed, they had to judge the risk factors which 

were unclearly categorized by the outcome of the Metaplan session. 

Over the course of the experiment, the experts' roles changed dramatically. Initially 

the experts had only to give their opinions about their own experiences with sports 
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tournamenis as they developed the case scenario and their top five risk factors. After the 

experiment, the experts became judges and had to evaluate the performances of the subject 

groups. As it tumed out, the experts' roles were extremely important to the overall 

outcome of the results. 

8.5 Importance of study 

8.5.1 What have we learned? 

In order to answer the question, "What have we leamed?" we need to view this 

study in its entirety in the global framework of decision making and experimentation. 

What this study attempted to accomplish was to compare the several group protoeals in 

relation to their performance on several task types. The challenge of this research was to 

test three task types within one experiment and situale the results in relation to the three 

different fields from which they spanned. 

Although many researchers rejected the idea of taking a real life problem out of its 

natura] habitat and putting it into a laboratory environment, this study has proved that this 

approach is quite useful for gaining insight into the many aspects relevant to group 

decision making. Other researchers question the results from many empirica! findings 

because these studies used artificial groups inslead of groups which work logether in 

practice (Nunamaker et al., 1989; Dennis et al., 1990). In this way, I was able to isolate 

variables which I was interested in researching and controlling those which I didn't want 

to test. If I had done this experiment using real groups in an organizational environment as 

they executed a risk analysis for a major project, I would not have been able to replicate 

the case study across different groups. Each group would probably have been working on 

different projects which varied in complexity. In my opinion, any comparison between 

different groups working on projects with different complexity levels would be suspect 

when trying to delermine if one type of group performed better than another. After 

analyzing the actual organizational situation, it seemed that the laboratory situation was 

the best way to attack this problem, but how exactly would it be accomplished? Is it 

possible that other researchers have done precisely the same thing? 

Unfortunately, I did not find any literature available for solving this exact problem, 

neither in the GDSS nor risk analysis realm. Nor did I find any literature which dealt with 
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trying to attack such problems either in a real organization or in a laboratory setting. 

Therefore, it was necessary to perform a form of task analysis and breakdown the risk 

analysis approach into its steps. After evaluating each step it needed to be decided whether 

or nol these steps as they were currently defined could be performed in a laboratory 

setting by consictering such issues as: length of time for that step, materials needed to 

perform the task, and how a group would attempt these steps which are normally geared 

for an individual. These changes were necessary to accommodate the application of 

groups. 

One of the main ideas leamed from this study involved breaking down a real world 

decision making problem into recognizable tasks and applying different types of groups to 

execute the problem. lnsight was thus gained conceming optimizing each type of task with 

respect to the different groups which were used. Because every group treatment performed 

every experimental subtask in the same context area, it was easy to make a comparison 

between groups. This comparison enabled the experimenter to show performance 

differences between the group protocols for each experimental subtask. If these results are 

replicaled several times, it becomes possible to fine tune and optimize decision making 

with respect to approaching problems within different types of groups. Other researchers 

have already begun to look at complementing task types with a particular style of 

interaction within a group, (DeSanctis and Gallupe, 1987; Gallupe, 1990; Huber, 1984; 

Raman et al., 1993; Tan et al., 1991). By fitting the task requirements for high 

performance with the appropriate type of group, a mismatch of capabilities can be 

avoided, and hence promote higher quality decisions. 

8.5.2 How can this study advance the GDSS field? 

AJthough this study was not initially motivated by trying to improve the overall 

advancement of Group Decision Support Systems, as a result of carrying out this study 

several lessons were learned that could potentially benefit the GDSS field. To illustrate 

this point, several researchers have already discussed the need for organizing the GDSS 

into similar studies which have the same independent and dependent variables 

(Pinsonneault and Kraemer, 1990; Vogel and Nunamaker, 1990). This study uses 

independent and dependent variables which have been tested in a number of GDSS 

studies, but never all at once. This research is unique in that it combines so many common 
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variables into one study. 

The GDSS research often focuses on testing groups which are aided by a GDSS 

versus manually aided groups or groups which are completely unaided. (A manually aided 

group could be a group which uses the NGT or something similar). A completely unaided 

group is equivalent to our freely interacting group. The traditional group dynamics 

research often compares groups which use the Nomina! Group Technique or Delphi 

Technique and compares it to groups which don't use any type of group structure (freely 

interacting groups) andlor individual performance (pooled individuals). This research 

overlaps both the GDSS and the traditional group dynamics areas and tries to incorporate 

the lessons learned from each. 

Although the GDSS literature to a large extent excludes comparisons between groups 

which use GDSS and pooled individuals, perhaps it is wise nol to ignore a potentially 

fruitful way of idea generation. If in fact individuals whose ideas are combined without 

face to face interaction are so successful, as it was in the case of our pooled individuals, 

further implications can be made regarding GDSS communication when groups memhers 

are not in close proximity to one another, i.e. physically dispersed. Perhaps in the near 

future, physically dispersed meetings will prove to be highly successful, especially in the 

idea generation phase of decision making. For a complete discussion of physically 

dispersed meetings refer to the following references, (Beauclair & Straub, 1990; Finlay & 

Marples, 1992; Gallupe & McKeen, 1990; Morrison and Sheng, 1992) to name a few. 

This study not only adds another body of research to compare with the existing research 

but shows a new di mension of comparison -- pooled individuals and its potential success 

over groups which used a GDSS. Whether or not this phenomenon occurs in other 

contexts andlor decision making environments remains to be seen, but is worth 

investigating. 

For the groups which used the GDSS during the selection task, their performance 

dimmed in comparison to the groups which used the NGT. This result could have 

implications for the way a similar task might be redesigned in the future for execution by 

groups which want to use a GDSS. In other words, if it is repeatedly proven that a group 

which uses the NGT outperforms a group which uses a GDSS, there should be an 

emphasis to either integrale the best components of NGT into GDSS or nol use GDSS at 

all. 
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This research also exarnines different types of tasks and their classic definitions. 

Sirnilar GDSS studies which want to make comparisons between several classifications of 

groups while doing a particular type of task use a standard example for the case 

description which has been used in other types of research for example, "The Bonanza 

Business Forms Company", "The Foundation Task" or "Lost at Sea". Mennecke and 

Wheeler (1993) go on to cite more than a dozen different modelsof case descriptions 

which are known for their task characteristics and are chosen by researchers because these 

descriptions were used in prior research. I did not want to choose a "canned" description 

because I wanted the subjects of the experiment to have a particular level of expertise in 

the application area as well as have multiple task types tested within the experiment. 

Within one case description sirnilar to the ones mentioned above, there is only one type of 

task which is executed. If more than one task type is to be incorporated into a GDSS 

experiment, either the descriptions need to change or individual tasks have to be executed 

separately as they were in this experiment in hopes that they fit the exact descriptions for 

the particular task type. This experiment has shown that it is possible to create your own 

task according to your own application field with multiple task types and still have it 

coincide with the cuerent research. 

Lastly, this study could advance the GDSS field by showing that it is possible to use 

a real life decision making example, such as perforrning a risk analysis for a project, and 

modify it to suit a group environment. Once the task has been adapted for the different 

types of groups one is interested in testing, an experiment can be developed. The 

advantage of taking a real life decision problem and changing it into a laboratory 

experiment, as opposed to accepting somebody else' s ready made case description which 

needs to be adapted to suit the original problem, is that the real life decision problem will 

have more meaning to the experimenter and to the subjects involved in the experiment. 

More meaningful for the experimenter translates to less need for "interpreting" the data, 

i.e. making analogies to his/her own application area. Furthermore, more meaningful for 

the subjects translates possibly to more serious behavior and higher motivation during the 

experiment. 
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8.5.3 Does this study change existing theory about GDSS? 

If the above question is really asking, "Does this research negate findings in the 

GDSS research?" I would answer that there is not enough agreement within the GDSS 

field to contradiet common beliefs or paradigms. However, there are some research issues, 

which I fee) need to be reevaluated after finishing this research, based on my results. For 

example, I feel that we should not ignore the contribution of the pooled individuals which 

performed better than the GDSS treatment in this experiment. Could this have been a 

tluke, or is the pooled individuaJs' superiority always better than the GDSS groups? 

Similarly, it should be tested again, both in this setting and in other settingsusinga 

similar type of selection task, whether or not the GDSS treatment would consistently do 

worse than a group which is nol anonymous like the NGT and/or freely interacting group 

treatments. 

If the above results were consistently proven, then some major rethinking needs to 

occur whether or not a GDSS is worthwhile in its current state to benefit a decision 

rnaicing organization. It is not a good investment for GDSS to only be vaJuable during one 

stage of decision making. Huber, (1984) supports this by adding that "there may be a 

critica! number of group tasks that the GDSS must support in order for it to survive in a 

particular organizational envfr~nment" . Moreover, organizations should not try to force the 

GDSS on the particular grou~ for every kind of project, just because they have invested a 

lot of time and money into it. 

Currently the thinking in the GDSS field regarding how and when a GDSS should 

be used in corporale life is very positive. The studies which report the use of organizations 

attest to gains in performance, overall time savings, and increased satisfaction with the 

meeting outcome (Nunamaker et al., 1989; Dennis, Nunamaker and Vogel, 1991). 

However, everything seems to be too positive. I can not but wonder if there exists a large 

bias in this sort of GDSS research. It seems strange that in the laboratory research, there 

are many conflicting results and in the field research everything works out "as planned". It 

is my opinion that this bias favors the technology push. Many researchers also have an 

interest in seeing the GDSS technology succeed, thus overstaling the capabilities of the 

GDSS. If there really is a bias in the GDSS research, then it can be shown by this 

experiment that contradictions do exist and should be further examined whether or not the 

"conventional wisdom" needs to be altered. 



Discussion 

8.5.4 How can this study advance the field of group interaction within the risk 

analysis environment? 
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In the past, some individuals who utilized risk analysis to expose the hidden risks in 

a project concentraled on improving the information which was needed to do a risk 

analysis. Impravement in the information came in many forms: using checklists, 

mathematica! techniques and other aids. Groups for risk analysis are often unstructured in 

both their content and corrununication. CheckJists are a good step in improving the content 

of the group session, but there needs to be more. It is apparent by executing this study and 

analyzing the results of the freely interacting groups that there needs to be some form of 

control for the corrununication between the memhers of the group. By coordinating the 

efforts and interaction of the group members, especially in the case of the GDSS and NGT 

treatments, better performance was observed during the rank judgement task of this 

experiment. What could be the reasoning for the superior performance in the NGT and 

GDSS groups? For starters, Stroop (1932) proposed that groups which make individual 

judgements and average them logether wil! come closer to the actual value than an 

individual judgement. He explained this phenomenon mathematically. Secondly, 

individuals who make a judgement in a group situation, in a coordinated effort, have a 

chance to hear one another's ideas, get feedback, and use them to form opinions about the 

judgement that they will have to offer. 

Similarly, for the selection task, performance was improved considerably on one of 

the dependent measures by using the NGT. The NGT treatment did substantially better 

than the other treatrnents for the selection task. As was explained earlier, the NGT 

treatment's probable success sterruned from the fact that open group discussion was 

occurring throughout the entire time that the group was together. Because the NGT 

treatment was not anonymous, it resulted in a more volatile environment, which could 

have a resulted in exceptionally high or low performance. In this experiment, the NGT 

treatment succeeded. There is definitely sarnething to be said on behalf of face to face 

group interaction with no anonymity with respect to the risk analysis task. To examine the 

boxplots of the two selection hypotheses, for hypothesis 4 there were no statistica! 

differences, yet if one looks at the sample means, the NGT performed the best foliowed 

by the freely interacting group. The same result occurred in hypothesis 5. What was the 

major difference among groups which used the NGT and freely interacting groups and 
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groups which used a GDSS or were pooled individuals? Anonymity was the most obvious 

and significant difference. Both the NGT and freely interacting treatments were not 

anonymous and both the pooled individuals and GDSS treatments were. It appears that for 

the selection task, being anonymous was not beneficia! and this result should be 

incorporated into the risk analysis group procedure. However this recomrnendation could 

change depending upon the politica! elimate of the group. 

For the brainstorming task, this research found that pooled individuals performed 

even better than the GDSS treatment for generating a large number of risk factors and 

unique risk categories, yet the GDSS treatment also did well for generating accurate risk 

categories. What kind of implications could that have for the field of risk analysis? To 

begin, there is a considerable chance that companies which regularly employ risk analysis 

for projects use an individual to identify and assess the risks involved in a new project. It 

should be fairly easy to pool the risk analyses of several other individuals as they all 

attempt the same problem to facilitate a "pooled individuals environment". There is also 

no added financial cost for pooling individuals in the organization as would be the case 

for installing and operating software as there would be if a GDSS was to be installed. It 

appears from this research that pooling the efforts of individuals can generate a large 

number of different risk factors in many varied perspectives. I doubt that this would have 

been achieved if only one individual's risk factors were compared to five pooled 

individuals. Although that seems intuitive, unpooled individuals could not be tested against 

pooled individuals in this experiment because it would have posed a problem in terms of it 

being unfair to compare two variables with different capacities. It was originally believed 

that pooled individuals would behave more like individuals than an anonymous group. In 

the case of the brainstorming task, this was not the case. 

If a company who r(!gularly perfarms risk analyses wanted to invest in a GDSS, it 

would not be inadvisable, yet caution should be exercised during the various stages of risk 

analysis. For the idea generation stage, the subject should be asked to not only use the 

ideas listed on the master screen to help them create new risk factors but also to take 

awhile to think for themselves about new risk factors. Perhaps the public screen could be 

temporarily tumed off until the facilitator decided that there are enough risk factors to 

work from. Then it would be turned back on so that group memhers could "piggyback" 

ideas off of the public screen. 
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Before the selection stage was executed in the group, it would be necessary for the 

facilitator to fully discuss and explore every idea and the possible connotations of them. 

Also, it might be beneficia! to turn the anonymous generation of answers into a non 

anonymous situation where individuals can take ownership of their ideas and are willing to 

fight for their idea, as was more the case with the NGT and freely interacting group 

treatments. However, extreme caution would need to be adhered to in order to prevent the 

group from getting out of hand while the memhers attack one another' s ideas. This might 

not be possible to do with some groups, and it might be necessary for a group to just use 

the GDSS. Without these options, the above suggestions should also be attempted in order 

to help promote success on the selection task. 

For the judgement task, a GDSS is advisable to utilize if preceded by discussion 

whereby the group merobers can express their opinions openly about the importance of 

each risk factor under consideration. Especially for this subtask, it is unwise to use only 

one person for mak:ing an assessment of impact or probability of the risk factors. In other 

GDSS literature which has used preferenee tasks Oudgement tasks) as the experimental 

task, the researchers have reported that it was helpful to not have an equal weighting of 

the risk factors by the group members, because there were certain merobers in the group 

with more experience and/or knowledge which should have more say in the outcome of 

the judgement (Raman et al., 1993; and Tan et al. , 1991). 

A GDSS has the capability topreset each participant's "value" to the overall 

decision. These values could be based on experience in the project area, the stak:e that the 

participant will have in the overall project, or anything else that the person in charge 

deerns fair. After the judgements are made by everyone in the group, the weighted 

judgement can be displayed to everyone. Yet if the facilitator is not instrucled to show the 

weights of each group memher by the person in charge, nobody would ever know. The 

person in charge could either choose to abide by what the entire group thinks are the most 

important risk factors or could decide to use the group's result as a colleelive opinion 

which can be weighted against the person in charge's opinion. 

8.5.5 Does this study change the existing theory about risk analysis? 

Risk analysis theories do not detail the procedure of incorporating a structured group 

into the risk analysis procedure. The sourees which suggest it (Boehm, 1989; McFarlan, 
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1989) just brush on the possibility of using a group without elaborating upon exactly what 

that would entail. Up unti1 now, a poorly executed risk analysis has not been regarded as a 

people oriented communication problem, but rather as a case of inaccurate information. In 

the past, inaccurate information was believed to stem from a rnisinterpretation of data or 

trying to extrapolale or guess at things which were not in the data. The literature from risk 

analysis does not make the conneetion that faulty information can come from many 

different sources, including the human factor. This factor is not to be overlooked. 

Furthermore, if one is to imprave the quality of the information and it has been 

acknowledged that information corning from people can be misinterpreted and judged 

incorrectly, then the next step would be to imprave the communication by the people who 

are handling the information. 

Risk analysis rnight change if there are more studies which resembie this one in 

scope. However, those who practice risk analysis will not accept this idea of applying a 

group to the risk analysis procedure until it has been proven to be successful under a 

number of conditions. lt is my apinion that managers and/or individuals who regularly 

perfarm risk analyses need guarantees that using a group will enhance performance and 

not waste valuable time, especially if it means that their authority might be underrnined 

during the group procedure. Managers are reluctant to change the power structure within 

their business, even if they know that there will be potential benefits to their organization. 

As a result of not wanting to lose their power, managers rnight not want to incorporate 

others into important decisions. Because it is, after all, the manager which wiJl have to 

take the responsibility if sarnething should go wrong. What can be done to encourage the 

use of groups for risk analysis while still maintaining the managers' authority? Groups can 

be used to consult the manager about the potential risks of a new project (Vroom and 

Yetton, 1973). The group memhers (whether it be structured or pooled individuals) would 

play the role of the experts of the new project and would be used to discover and weigh 

the potential risks. After a session, perhaps similar to the one which occurred here in this 

experiment, the manager would take notes and the results of the meeting and review them 

carefully. Following this procedure, the manager would make his/her own decision. The 

manager would have to onderstand that the "expert consulting group" which just had this 

meeting might know more about these types of projects than the manager himself/herself 

due to the fact that the group memhers have the experience of actually participating in 
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similar projects, while the manager might not have been so involved. Often a manager 

observes a project on a global level and does not get into the more minute details. 

Possessing knowledge of these details makes for a successful risk analysis. 
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In short, risk analysis literature might change if more researchers and practitioners 

come to learn and accept the place of a group and its potential benefit during the risk 

analysis procedure. 
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Conclusions and Summary 

9.1 Introduetion 
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This chapter summarizes the purpose of the research, the experiment, the 

performance measures used, the results and suggestions for further research. This chapter 

is divided into several subsections. At the end of this chapter, a broader perspeelive is 

applied to discuss the overall quality of using a GDSS for contexts group decision mak.ing 

and risk analysis. The frrst subsection (9.2) reflects the motivation behind the research. 

The second subsection (9.3) discusses the experimental task and its hypotheses. The third 

subsection (9.4) discusses the significant findings of the experiment. The fourth subsection 

(9.5) discusses the ma.in points leamed from this research. The. fifth subsection (9.6) 

addresses the practical applications of risk analysis. The last subsection (9.7) outlines the 

organizational value of utilizing a GDSS in several contexts. 

9.2 Motivation of this research 

The purpose of this thesis was to focus on using common decision making tasks and 

compare the performance of group decision support systems with traditional group 

approaches. lt was also discussed that these decision tasks crossed not only into the GDSS 

experimental framework but within the practical setting of risk analysis. McGrath's 

"Group Task Circumplex" provided a framework for the decision tasks' classification. 

According to McGrath's Circumplex, creative tasks, intellective tasks and decision mak.ing 

tasks were translated into three common task types: generating, selecting and prioritizing 

ideas. One application of risk analysis utilized these exact task types, as well as they 

occurring in many other settings provided some degree of extemal validity to this 

research. 

After making the link between the three decision tasks and their applicability to risk 

analysis, it was decided that a laboratory experiment was the best way to test the 

performance of the various four group protoeals across the decision tasks. The four group 
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protocols were: 1) groups which utilized the GDSS, 2) groups which utilized the NGT 

protocol, 3) groups which freely interacted, and 4) pooling the answers of individuals after 

the experiment. Before the experiment was designed, it was first necessary to evaluate all 

of the relevant variables in accordance to the research, and decide which of them would be 

tested and which would be held constant. The choice of both independent and dependent 

variables was based on definitions of the boundaries of this research (Chapter 2), as well 

as an extensive literature review (Chapter 3). The major independent variabie which was 

manipulated was the type of group protocol. The dependent variables measured the 

performance of the group protocols across the three task types. 

Not only did the review of the GDSS literature reveal gaps in the research and 

which led to issues for investigation, but also led to the formation of the research 

questions. A large gap in the GDSS literature was: little or no consistency of results 

between studies which compared group protocols across various task types because of 

their nonintegrated experimental approach. Each research question corresponded with a 

prediction of performance between the four group protocols. There were six research 

questions which needed to be examined in the experiment. Each research question was 

operationalized into a separate dependent measure which was then classified as a particular 

metric: quantity, quality or accuracy. These results were analyzed in terms of each metric 

after the experiment ended. 

9.3 The experimental task and hypotheses 

The risk analysis task was broke down into its parts which then resembied the 

decision tasks with a few minor additions. These subtasks were: 

I) Genera te risk factors 

2) Evaluate the risk factors 

3) Select preliminary list of risk factors 

4) Select most important risk factors 

5) Rank the most important risk factors 

6) Assess the probability of the risk factors 

7) Assess the impact of the risk factors 

8) Perform necessary calculations 
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9) Prioritize the most important risk factors 

The six dependent measures were derived from these nine steps and than transformed into 

hypotheses. Each hypothesis predieled the performance of the four group protocols for 

each dependent measure. The hypotheses were: 

I) Pooled individuals will generale more risk factors than the other group protocols for the 

brainstorming task. 

2) Pooled individuals will generale more accurate risk categories than the other group 

protocols for the brainstorming task. 

3) Pooled individuals will generale more unique risk categones than the other group 

protocols for the brainstorming task. 

4) The freely interacting group will select a higher percentage of correct risk categones 

out of the correct risk categories present on the generaled list than the other group 

protocols. 

5) The freely interacting group wiJl select more correct risk categories from the generaled 

list than the other group protocols. 

6) The groups which use the GDSS wiJl have less of a difference between their rank 

values and the experts' values for the prioritization task than the other groups protocols. 

The context of the experiment was performing a risk analysis for an international 

sports tournament held at the university. The main task of the subjects was to delermine 

the five most important risk factors of the sports tournament. Each group/individual which 

participated in the experiment had to complete the experimental task and give the 

experimenter a list of the top five most important risk factors which (in their opinions) 

would jeopardize the success of the sports toumament. These were compared with the top 

five risk factors generaled and agreed upon by the experts. 

9.4 Strong results obtained from the study 

The first hypothesis explored if there was a difference in the performance among 

the four group protocols for generating risk factors. The result was that the pooled 

individuals performed statistically better than every other group treatment. There was no 

doubt in this hypothesis that the pooled individuals were the superior treatment for 
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generating the most number of risk factors. Furthermore, the paoled individuals also 

performed better than the NGT and freely interacting treatments in generating a higher 

number of unique risk categories (hypothesis 3). However, the paoled individuals did not 

do well when having to generale the most important (accurate) risk factors which 

pertained to the case study (hypothesis 2). 

For the selection task, the results obtained were not as strong in comparison to the 

brainstorming task, but consistency did prevail. For bath dependent measures of the 

selection task, the NGT treatment did better than the other treatrnents (hypotheses 4 and 

5). However, this was not proved with high statistica! significance. 

The rank judgement task demonstraled that the GDSS treatment was significantly 

better than the paoled individuals treatment. Yet there were no differences found between 

the GDSS, NGT and freely interacting treatments for the rank judgment task. 

9.5 Main points learned from this research 

One component that helped make this research generalizable was the manipulation of 

common decision making tasks in a controlled Iabaratory environment and the 

extrapolation of the results into meaningful suggestions for the practical setting of risk 

analysis. This study promoled a transfer of knowledge from the Iabaratory to the practical 

setting by recognizing that task types found in everyday reality and in GDSS literature 

could be similarly applied to a particular application of risk analysis. By applying different 

group protoeals to the experimental tasks, it was possible to test which protoeals obtained 

higher performance for each task type. This research resulted in the beginning towards an 

onderstanding in learning how to optimize decision tasks by applying the best type of 

group protocol to fit the task. This approach for utilizing the most compatible group 

protocol can later be fine tuned, perhaps in another application area, by retesting these 

group protoeals across the same task types for more consistency. lntuitively, by fitting the 

best group approach to the particular task type, higher quality decisions are encouraged. 

Another concept which should be conveyed after reading this thesis is the 

importance of the benefits obtained by using pooled individuals for brainstorming. In this 

experiment, pooled individuals performed better than the GDSS groups; however, this 

result was not always statistically significant. Furthermore, in the case of the comparison 



Conclusions and Summary 185 

between groups generating the most number of unique ideas, pooled individuals did 

perform statistically equivalent to the GDSS group. It seems that both pooled individuals 

and GDSS groups have their strong points and perhaps should be combined. If it can be 

shown in new studies that it is still advantageous for groups to generale ideas by feeding 

off of other people's ideas (benefits of utilizing a GDSS group), yet these individuals do 

not meet face to face (benefits of pooled individuals), then perhaps GDSS groups could be 

successful if they met in a dispersed setting. 

If it is proven with other similar studies that groups which use the NGT perform 

substantially better than groups which use a GDSS for selection tasks, serious thought 

needs to go into planning meetings which use the GDSS for selection tasks. Perhaps 

GDSS in its current state is not suitable for selectionlchoice type tasks. 

The last major implication from this research is that this study aids the GDSS field 

because it shows the possible uses and restrictions of the GDSS. Furthermore, this study 

helps the advancement of the GDSS field by demonstrating that it is possible to test a real 

decision problem such as risk analysis in an experimental setting in order to better 

understand the intervening variables involved in the application area. By using the risk 

analysis procedure as the experimental task, the applicability to the risk analysis 

environment is direct. 

9.6 Practical applications of this study for risk analysis 

Special care needs to be used when implementing a GDSS for performing a risk 

analysis in an organization because, as suggested from this experiment, not all stages of 

the risk analysis wiJl benefit from using a GDSS. Furthermore, if the results from this 

experiment are confirmed, it might not make sense to employ a GDSS at all for the risk 

analysis procedure, especially if the added benefits are not substantial and the money and 

time needed to u se the GDSS are not available. Huber (1984) discussed that there is a 

minimum number of tasks needed in order to maintain GDSS as a valuable commodity for 

the organization. lf there are not enough tasks which the GDSS can effectively support, 

having a GDSS might not be worth the investment. In addition, an organization which 

already has invested in GDSS should not try and get their "money's worth" out of the 

GDSS and use it for every type of decision problem. lf the GDSS is used in situations 
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which have already been shown to hurt performance, a decrement in decision quality is 

eminent. 

This study makes the conneetion that faulty inforrnation which is often used in risk 

analysis can come from different sources, one of them being other people. This 

contribution should not be overlooked. Instead of trying to improve the risk analysis 

procedure by perfecting new technica! models, this study has shown that a large 

concentration on efforts for improving communication should exist between the 

information sourees and the inforrnation handlers (i.e. the memhers of the risk analysis 

group). 

Finally, this study is a first step in helping the risk analysis practitioners to see the 

need for incorporating different types of groups for each risk analysis subtask. By more 

studies of this nature, risk analysis practitioners can not only gain decision quality by 

employing different group types for each decision task type but probably also see other 

organizational benefits such as increased motivation from those individuals used in the risk 

analysis group procedure due to their opinions being valued by the other concerned 

parties. The last section of this chapter expands on the organizational benefits and value of 

utilizing a GDSS for everyday decision making. 

9.7 Organizational value of utilizing a GDSS 

One should not ignore the intrinsic benefits inherent in utilizing a GDSS for group 

decision making. As discussed in the Chapter 8, quality of GDSS can be evaluated in 

terms of objective and subjective measures. The dependent measures exarnined in this 

experiment were objective. While it was possible to collect subjeelive measures from the 

participants used in this study such as "motivation of using the GDSS" or "level of 

commitment to the final decision", these measures could easily be disputed because of the 

artificiality of the laboratory environment. However, that is not to say that these measures 

do not have real value, especially within a real organizational context. 

Section 9.6 warned the reader not to utilize the GDSS for every type of decision an 

organization must face because it is not expected to improve the overall performance of 

the decision. Yet what section 9.6 did not mention was the concept that using a GDSS did 

not appear to damage the decision performance either. For example, in one of the three 
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dependent measures for brainstorming, the GDSS groups performed the best and in the 

other two measures, the GDSS groups achieved the second best performance. Furthermore, 

the GDSS groups excelled for the rank judgement task. It appeared thal while some other 

group protocols might be more optimal for achieving high performance, the GDSS groups 

fended quite wel! in comparison to the other group protocols. 

This thesis did not discuss in detail the countless studies which sing the praises of 

using GDSS's in termsof increased satisfaction and motivation for decision making, 

commitment to the decision outcome, and time savings compared to conventional methods 

of decision maláng. These subjeelive measures are examined in great detail within 

organizational theory. Organizational theory stresses the importance of not ignoring the 

human element and its effect on the organization. Many researchers claim (Wexley and 

Yukl, 1984) that organizations are more productive and effective if the employees of the 

organization are satisfied with their work and fee! valued by their colleagues. Clearly, by 

GDSS's offering the opportunity of equal participation for its group members, without the 

personal criticism associated with volunteering creative ideas, GDSS's promote a more 

humanistic approach to traditional decision maláng. If the objective results alluded to in 

the paragraph above are combined with the subjective findings of this paragraph, the 

condusion is extremely favorable for imptementing a GDSS in an organization. 

Consequently, employing a GDSS for decision making could indeed be a valuable tooi for 

many organizations. 
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Appendix A: Instructions for the experimental parHeipants 

Instructions for GDSS and NGT treatments 

Thank you all for coming. l'd like to teil you now about the purpose of this meeting. 
As you know, hostinga successful sports tournament is more easily said than done. There 
are many small details which must be taken into account in order to insure that things 
don't go wrong which jeopardize the tournament You will be performing a risk analysis 
which will aid you in determining these potential problem areas. That is essentially the 
purpose of the risk analysis. The job you must do together as the tournament committee is 
to detennine the 5 most important risk factors which can potentially put at risk the success 
of the tournament Success is measured by criteria which were already detennined by 
expert sports tournament planners. The risk factors you generale must be related in some 
way to one or more of the criteria not being achieved. 

Here is an example: 
If we were planning a surprise birthday party for someone, we might have as a 

criterium (objective) that the birthday girl should get nice presents. A risk factor in this 
case might be that the people going to the party buy herastrange gift, because they don't 
know what she would like, or forget to bring a gift altogether. If either of these two things 
occurred, that criterium might not be achieved and therefore making the party a faiture if 
there were no other criteria which needed to be satisfied. 

In our case, we have 5 predetermined criteria (objectives of the tournament) which I 
wil! go over in a minute with you. Befere that, I would like to explain what will be 
occurring in the nexl hour or so. 
l) I will give you a case description to read which wil! explain the type of tournament we 
are dealing with here 
2) You can ask me questions which clarify the case description, but my answers will not 
tel! you anything more than what is already on the paper. 
3) We will also go over the criteria in the same way as the case description. 
4) To make things realistic for you, we will make our own conunittee. I will appoint a 
chairperson and then the chairperson will appoint the 4 other positions: 

a) chairperson - makes the budget before and after the tournament 
b) wedstrijd leiding- scheduling games, inviting teams 
c) feest commissie- arrange party, band, food, space 
e) pubtic relations person - gets sponsoring, proper advertising 
f) logistics person - takes care of the accomodations 

5) After you know your roles, we will begin with the task. 
6) Experirnental task is the risk analysis which consists of several steps: 

I) generale a list of risk factors 
2) rank list of risk factors 
3) select top 5 risk factors and rank again 
4) assess the probability of the risk occurring 
5) assess the impact of the risk on the criteria 
6) rerank the risk factors again 
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I will guide you through these steps and explain what is involved when it' s time to 
perferm them. 

7) After that I will ask you to fill in the questionnaire that you will receive in your packet. 
8) This session will be videotaped. The results of this session will be kept strictly 
confidential. This tape will not be shown to anybody. I will be the only one reviewing the 
tapes for research purposes. After the research, these videotapes will be destroyed. 

"My assistent will pass out a packet which contains the case description, the 
predetermined criteria, a table which will be explained later and the questionnaire. Go 
ahead and read the case description." 

... Anybody have questions referring to the case description? 

Go ahead and read the criteria . 
... Anybody have questions about the criteria? 

The chairperson of this group is ______ _ 
To the chairperson, "Piease assign the ether 4 positions on the comrnittee any way you 
like." 

After that... "let's begin with the risk analysis" 

The risk analysis procedure 

I) Generale risk factors which are related in some way to one or more of the criteria not 
being achieved. 

2) Select the 5 most important risk factors and write them in order of importance 5 times 
down the column, across the 5 criteria on the table, in the risk factor column. 

3) Assess the impact of each risk factor on each criteria (25 separate judgments) on a 
scale .from 1 to I 0 (I= risk factor has nothing to do with criteria being achieved, 10 = risk 
factor directly affects the criteria from being achieved). Fill in your 25 judgments on the 
table. 

4) Assess the probability of the 5 risk factors occurring based on the case description and 
your own personal experience on a scale from l to 10. (1 = unlikely to occur, 10 = 
highly likely to occur) You wil! make 5 separate judgments. These judgments should be 
written 5 times across the criteria, as you did for step 2. 

5) Multiply the impact column by the probability of risk column and put it in the risk 
exposure column. Multiply the risk exposure column and weight column and put it in the 
Jast column on the table. Add all the risk factors across the 5 criteria (for example, sum 
the risk factor in the number one position across the 5 criteria given in the table). After 
summing all the risk factors across the criteria, the highest number delennines the most 
important risk factor, the secend highest number is the secend most important etc ... 
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6) Give the experimenter (Mindy) an ordered list of the 5 most important risk factors, in 
english, which would damage the objectives from achieved on a separate sheet of paper. 

Instructions for Freely Interacting Groups Treatment 

Thanks for coming. l'd like to teil you about the purpose of this meeting. As you 
know, hostinga successful sports tournament is more easily said than done. There are 
many small details which must be taken into account in order to insure that things don't 
go wrong which damage the tournament Your job is to delermine the 5 most important 
risk factors (in order from most important to least important) which will possibly damage 
the success of the tournament as given in the case description you have received. 
Essentially, this is also the goal of performing a risk analysis. Forthese types of tasks, it 
is aften helpful to follow a systematic procedure (like the risk analysis). Yet you, as 
participants, can choose to use it or not. If you do choose it, the methad is written up in 
the information packet you received which outlines the steps you must take to perfarm a 
risk analysis. lf you don't choose it, you may detennine the 5 most important risk factors 
of the case description any other way you like. Please write the 5 most important risk 
factors in english. You will have as much time as you need to accomplish this task. 

Regardless of which procedure you use to delermine the 5 risk factors, you must still 
read and understand the case description of the tournament "to be planned" as wel! as the 
criteria (objectives) of the tournament as already determined by expert sport tournament 
planners. I will go over both of these descriptions with you first and then you can decide 
amongst yourselves about how to praeeed further. This session will be videotaped. The 
results of this session will be kept strictly confidential. This tape wiJl nol be shown to 
anyone. I wiJl be the only one reviewing the tape for research purposes. After the research, 
these tapes will be destroyed. 

You can use any of the other materials in this room. After the experiment, you 
should fill in the questionnaire you received in your packet. 

Please read the case description... Any questions? 
We wil! read the criteria together. Remember, success is measured by the criteria 

being achieved. The risk factors you generale must be related in some way to one or more 
of the criteria not being achieved. (read criteria) Any questions? 

The risk analysis procedure 

I) Generale risk factors which are related in some way to one or more of the criteria not 
being achieved. 

2) Select the 5 most important risk factors and write them in order of importance 5 times 
down the column, across the 5 criteria on the table, in the risk factor column. 

3) Assess the impact of each risk factor on each criteria (25 separate judgments) on a 
scale from 1 to 10 (I= risk factor has nothing to do with criteria being achieved, 10 = risk 
factor directly affects the criteria from being achieved). Fill in your 25 judgments on the 
table. 
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4) Assess the probability of the 5 risk factors occurring based on the case description and 
your own personal experience on a scale from I to 10. (I = unlikely to occur, 10 = 
highly likely to occur) You will make 5 separate judgments. These judgments should be 
written 5 times across the criteria, as you did for step 2. 

5) Multiply the impact column by the probability of risk column and put it in the risk 
exposure column. Multiply the risk exposure column and weight column and put it in the 
last column on the table. Add all the risk factors across the 5 criteria (for example, sum 
the risk factor in the number one position across the 5 criteria given in the table). After 
summing all the risk factors across the criteria, the highest number delermines the most 
important risk factor, the second highest number is the second most important etc ... 

6) Give the experimenter (Mindy) an ordered list of the 5 most important risk factors, in 
english, which would damage the objectives from achieved on a separate sheet of paper. 

Instructions for Pooled Individuals treatment 

Thanks for coming. l'd like to teil you about the purpose of this meeting. As you 
know, hosting a successful sports tournament is more easily said than done. There are 
many smal! details which must be taken into account in order to insure that things don't 
go wrong which damage the tournament Your job is to delermine the 5 most important 
risk factors (in order from most important to least important) which will possibly damage 
the success of the tournament as given in the case description you have received. 
Essentially, this is also the goal of performing a risk analysis. Forthese types of tasks, it 
is often helpful to follow a systematic procedure (like the risk analysis). The risk analysis 
will help you in prioritizing the 5 most important risk factors you will select from the 
entire list you generale. Please write the 5 most important risk factors in english. You will 
have as much time as you need to accomplish this task. 

Before performing the risk analysis, you must still read and understand the case 
description of the tournament "to be planned" as well as the criteria (objectives) of the 
tournament as already determined by expert sport tournament planners. I will go over both 
of these descriptions with you first and then you can decide about how to proceed further. 

After the experiment, you should fiJI in the questionnaire you received in your 
packet. 

Please read the case description. .. Any questions? 
We will read the criteria together. Remember, success is measured by the criteria 

being achieved. The risk factors you generale must be related in some way to one or more 
of the criteria nol being achieved. Any questions? 
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The risk analysis procedure 

I) Generate risk factors which are related in some way to one or more of the criteria not 
being achieved. 

2) Select the 5 most important risk factors and write them in order of importance 5 times 
down the column, across the 5 criteria on the table, in the risk factor column. 

3) Assess the impact of each risk factor on each criteria (25 separate judgments) on a 
scale from I to 10 (I= risk factor has nothing to do with criteria being achieved, lO = risk 
factor directly affects the criteria from being achieved). Fill in your 25 judgments on the 
table. 

4) Assess the probability of the 5 risk factors occurring based on the case description and 
your own personal experience on a scale from 1 to 10. (I = unlikely to occur, lO = 
highly likely to occur) You will make 5 separate judgments. These judgments should be 
written 5 times across the criteria, as you did for step 2. 

5) Multiply the impact column by the probability of risk column and put it in the risk 
exposure column. Multiply the risk exposure column and weight column and put it in the 
last column on the table. Add all the risk factors across the 5 criteria (for exarnple, sum 
the risk factor in the number one position across the 5 criteria given in the table). After 
summing all the risk factors across the criteria, the highest number deterrnines the most 
important risk factor, the second highest number is the second most important etc ... 

6) Give the experimenter (Mindy) an ordered list of the 5 most important risk factors, in 
english, which would darnage the objectives from achieved on a separate sheet of paper. 
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Case Descriotion for the International Sports Tournament 

The tournament that you will be organizing is an international sports tournament for 

both men's and women's teams. Your job as the host of the tournament is to provide the 

athletes a safe environment in which to participate. This tournament wil! be held in May 

on a weekend. The first day of the tournament will be on a saturday at 9:00 am and games 

wil! run the entire day. There will be several skill levels of tournament play. The men's 

teams wil! be divided into 3 levels and the women's teams into 2. At night, you will also 

host a party with a live band. On sunday, games wiJl continue until 5:00 pm and then an 

awards ceremony will follow. Participants from far away countries have the option to 

arrive friday night and leave monday morning if they choose to. The students sport center 

is available and willing to offer its showers and toilet facilities. Participants are welcome 

to bring their own camping accommodations in order to sleep over. Coaches from the 

various teams are also invited. The countries which are invited and the number of teams 

they'll bring along are listed below: 

Countries 
Nederland 
Turkey 
Spain 
Israel 
Germany 
Belgium 
Denmark 
Poland 
Italy 
Rumania 
Sweden 
England 
Luxembourg 
Switzerland 

Total # of teams 

#of men's teams 
3 
I 
2 
1 
3 
3 
2 

2 
I 
2 

24 

# of women' s teams 
2 
1 
I 
I 
I 
2 

16 

All of the above teams have paid their initiation fee to enter the tournament which 

accounts for 50% of the total fixed costs for the tournament This tournament should not 

cause the hosting club to lose money; profit is allowed. 
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Definitions for the experiment 

Establishing Objectives - What needs to be achieved in order to solve the problem as it 

has been defined or in our case: What do we need to do in order to have a successful 

tournament 

examples of objectives: 

203 

1) the ability for the athletes to participate in a safe, regulation game. 

2) a smoothly run tournament with no lags or delays in the game schedule. 

Criteria for success - The criteria for success focus on the solution, "How will we know 

when the tournament is successful?" Along with each objective, specific measurable 

criteria for success should have been established. Some of the criteria may be more 

important than others. Examples of criteria: 

re: 1) checking the equipment over and having extra in case of problems 

re: 1) having enough referees for all of the games 

re: 2) have an experienced scheduler (maybe a Bedrijskunde student?) work out the 

schedule and have a back-up schedule in casesome teams don't show up 

Risks - Can be derived from the environment, the organization or any element of the 

tournament The risks relate to not achieving the objectives/criteria. Examples of risks: 

re: 1) not having enough money to buy extra equipment 

re: 2) inexperienced staff who don't know how to schedule 

re: 2) not all teams showing up (cancellations) 

Risk Exposure - Is defined by the relationship: 

RE = probability of (risk) * impact (risk) to the affected parties 

We need to determine both of these numbers for every risk factor in relation to a 

particular criteria. For example: 

What is the probability of (not enough people showing up)? On a scale from 1-5 the 

chances are about a number 4. 

What is the impact of the above risk in relation to planning a good game schedule? On a 

scale from 1-5 about a 5. Therefore, the Risk Exposure for "not enough people showing 
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up" is 4 * 5 = 20. In this way if we summed the risks across all of the criteria and 

factored in the relative weight of the criteria, we would have a prioritized list of the risk 

factors. 
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Sample of a possible risk factor/criteria table: 

Criteria Weight Risk Factor Impact (R) Prob (risk) Risk Expos * cr.weight 

high 37 I 8 9 72 2664 
satisfaction 

.. 37 2 2 3 6 222 

.. 37 3 4 4 16 592 

.. 37 4 5 2 10 370 

.. 37 5 3 5 15 555 

good 27 I I 9 9 243 
scheduling 

.. 27 2 3 3 9 243 

" 27 3 3 4 12 324 

.. 27 4 I 2 2 54 

.. 27 5 7 5 35 945 

making 18 I I 9 9 162 
enough 
money 

.. 18 2 I 3 3 54 

.. 18 3 5 4 20 360 

.. 18 4 I 2 2 36 

18 5 7 5 35 630 

good party 13 I 5 9 45 585 

.. 13 2 4 3 12 156 

.. 13 3 I 4 4 52 

13 4 4 2 8 104 

13 5 5 5 25 325 

adequate 5 I 9 9 81 405 
information 

5 2 10 3 30 150 

5 3 4 4 16 80 

5 4 6 2 12 60 

5 5 3 5 15 75 

Summing the last column (Risk Exposure/Criteria) over all criteria can determine the risk 
factor with the highest value = most important risk factor 
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Here are the 5 most important criteria for the tournament (according to the case 
description) in order from most important to least important: 

1) The tournament should be satisfying for the members of the organizing conunittee 
(little or no arguments between them) as well as the participants (each participant has 
his/her own notion of satisfaction which can be measured in terms of positive or negative 
comments said to the staff). 

2) The tournament should have good scheduling which includes several factors: 
a) no lags or delays in the schedule, teams should be able to play games spread out 
through the entire tournament, e.g. all of the games in the morning and none in the 
afternoon; 
b) teams should get to play other teams on their same level or else it is not 
competitive enough; 

3) The tournament should make the money that was previously hoped for at the start. For 
example, if the club wanted to make an extra 3000 guilders after their casts were paid, did 
they achieve their goal? Or if they wanled to break even, did they? 

4) The tournament should have a good party as will be judged by the comments made to 
the organizing corrunittee. The party should include measurable items as: enough food, 
drink, space to dance, good music and comfortable surroundings. 

5) The tournament should provide participants adequate information, in the forrn of a 
program booklet, signs posted all around and an information booth. 
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Same instructions as above (in Dutch) given to parlidpants 

Instructions for GDSS and NGT treatments 

Welkom allemaal. Laat ik beginnen te vertellen waarom we hier bijeen zijn. Het 
organiseren van een succesvol sporttoernooi is makkelijker gezegd dan gedaan. Er zijn 
allerlei kleinig heden die de gang van zaken kunnen belemmeren en waarmee rekening 
moet worden gehouden. Jullie zullen nu een risico - analyse uitvoeren om mogelijke 
problemen te ontdekken. Dat is de kern van de risico - analyse. Als toernooi - commissie 
moeten jullie gezamenlijk de vijf belangrijste risico -factoren voor het succes van het 
toernooi bepalen. Succes wordt gemeten door criteria (doelstellingen) die al eerder 
vastgesteld zijn door ervaren planners van sporttoemooien. De door jullie opgegeven risico 
- factoren moeten worden gerelateerd aan een of meer van de criteria (doelstellingen) die 
niet gehaald worden. 

Een voorbeeld: 
Bij het organiseren van een verjaardagsfeest voor iemand kunnen we als criterium 

(doelstelling) hebben dat de jarige leuke kado's krijgt. Een risico- factor kan zijn dat de 
gasten haar een verkeerd kado geven, omdat ze niet weten wat de jarige leuk vindt, of 
zelfs helemaal niets meenemen. Als een van deze twee dingen gebeurt, zou de 
doelstelling niet gehaald kunnen zijn. Als het de enige doelstelling is kan het feest een 
mislukking zijn. 

In dit geval zijn er 5 vastgestelde criteria (doelstellingen van het toernooi). Deze noem ik 
zo direkt. Eerst zal ik uitleggen wat er het komende uur gaat gebeuren. 

l) Ik deel een case - beschrijving uit, waarin uitgelegd wordt wat voor soort toernooi het 
is. 

2) Jullie kunnen vragen stellen over deze beschrijving, maar ik zal niet meer vertellen dan 
wat jullie al weten. 

3) We nemen de case - beschrijving en de doelstellingen samen door. 

4) Om het realistisch te maken zullen we een commissie vormen. Ik benoem een 
voorzitter en deze dient de overige leden te benoemen: 
a) voorzitter - budget maken voor en na het toernooi 
b) wedstrijd leiding- wedstrijd rooster opstellen, teams uitnodigen 
c) feest commissie - feest organiseren, band, eten, locatie 
d) public relations (verantwoordelijke) sponsors werven, adverteren 
e) logistiek - organiseren van de accommodatie 

5) Als iedereen zijn rol kent, beginnen we met de opdracht 

6) Jullie gaan de risico - analyse uitvoeren. Deze bestaat uit de volgende stappen. 
I) Bedenk een aantal risico-factoren 
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2) Bepaal de rangorde 
3) Kies de 5 belangrijkste risico- factoren en bepaal opnieuw de rangorde 
4) Schat de kans op een bepaald risico 
5) Schat het effect van het risico op de criteria 
6) Bepaal opnieuw de rangorde van de risico - factoren 

Ik begeleid je door deze stappen en geef telkens uitleg. 
7) Hierna vraag ik je de ontvangen vragenlijst in te vullen 
8) Dit experiment wordt opgenomen op een video band. Deze opnamen zijn strikt 
vertrouwelijk en worden aan niemand vertoond. Alleen ik zal de banden bekijken voor 
mijn onderzoek. Na atloop van het onderzoek worden de banden vernietigd. 
Mijn assistent zal een pakketje uitdelen met de case -beschrijving, de vastgestelde criteria, 
een tabel die nog zal worden uitgelegd en de vragenlijst. Jullie kunnen nu beginnen met 
het lezen van de case - beschrijving. 

De procedure voor risico analyse 

I) Bedenk risico factoren, die het bereiken van een of meerdere criteria (doelstellingen) 
zouden kunnen belemmeren. 

2) Selecteer 5 risico factoren die je belangrijk vindt en noteer ze I t/m 5 in de kolom "risk 
factors". Dezelfde 5 risico factoren worden voor de verschillende criteria in dezelfde 
volgorde herhaald. B.V. vul voor iedere rij die begint met een 1 de eerste risico factor in 
(vijf keer). Idem voor de tweede risico factor enz. 

3) Schat de invloed van elke risico factor op elk criterium in op een schaal van 1 tot 10 (1 
= risico factor heeft geen verband met het criterium, 10 risico factor heeft directe invloed 
op het criterium). Je kunt zo to 25 verschillende oordelen komen, die je invult in de kolom 
"impact" van het formulier. Vul dit in in de kolom "Impact". 

4) Schat voor elk van de 5 risico factoren de kans in dat ze optreden. Geef hiertoe een 
cijfer op een schaal van 1 tot 10 (1 = zeer onwaarschijnlijk, 10 =zeer waarschijnlijk). 
Baseer je oordeel op de case beschrijving en je eigen persoonlijke ervaring. De bedoeling 
is dat je 1 tot .5 waarden komt die je ieder 5 keer (voor de 5 criteria) invult op het 
formulier in de kolom "probability" (vergelijk stap 2). Vult dit in in de kolom 
"Prob(risk)". 

5) Vermenigvuldig de waarden in de kolom "impact" met de bijbehoedende waarden van 
de kolom "probability" en zet de aldus gevonden waarden ih de kolom "risk exposure". 

6) Vermenigvuldig dan alle getallen in de kolom "risk exposure" met de bijbehorende 
weegfactor (zie kolom "weight") en zet deze resultaten in de laatste kolom van de tabel. 

7) Tel vervolgens per risico factor dwz tel alle no. I, alle no. 2 op enz. de waarden van de 
laatste kolom op (I tot en met 5). Nadat de gevonden waarden per risico factor zijn 
opgeteld, bepalen de gevonden waarden de belangrijkheid van de afzonderlijke risico 
factoren (het hoogste getal geeft aan wat de belangrijkste risico factor is). 
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8) Geef de begeleidster van het experiment (Mindy) op een apart stuk papier een overzicht 
waarop de 5 risico factoren voorkomen van belangrijkst tot minst belangrijk (in het Engels 
a.u.b.). 

Instructions to Freely Interading Group Treatment 

Bedankt voor jullie komst. Ik wil jullie graag iets meer vertellen over het doel van 
deze bijeenkomst. Zoals jullie wel weten is het opzetten van een succesvol sporttoernooi 
makkelijker gezegd dan gedaan. Er zijn veel zaken waarmee je rekening moet houden om 
er zeker van te zijn dat alles goed gaat. Het is jullie taak om de 5 belangrijkste risico 
factoren (in volgorde van de belangrijkste naar de minst belangrijke) te bepalen, die 
mogelijk afbreuk doen aan het succes van het toernooi zoals dat omschreven is in de case
beschrijving die jullie gekregen hebben. Dit is in essentie ook het doel van het uitvoeren 
van een risico analyse. Voor dit soort taken is het werken volgens een systematische 
procedure (zoals een risico analyse) een goed hulpmiddel. Jullie kunnen nu, als 
deelnemers, zelf kiezen of je er gebruik van wilt maken of niet. Voor het geval je gebruik 
wilt maken van de risico analyse wordt deze methode uitgelegd in het informatie -pakket 
dat je ontvangen hebt. Als je er geen gebruik van wilt maken kan je de 5 belangrijkste 
risico factoren van de case beschrijving naar eigen inzicht vaststellen. Ik wil je verzoeken 
om de 5 belangrijkste risico- factoren in het Engels op te schrijven. Je hebt net zoveel tijd 
als je nodig hebt voor het uitvoeren van dit experiment. 

Ongeacht de procedure die je volgt om de 5 risico factoren te bepalen, is het van 
belang dat je de case beschrijving van het "geplande" toemooi gelezen en begrepen hebt. 
Dit geldt ook voor de criteria (doelen) van het toernooi zoals die reeds bepaald zijn door 
"experts" op het gebied van het organiseren van toernooien. Ik zal nu beide beschrijving 
en eerst met jullie doornemen, daarna kan je zelf beslissen welke procedure je wilt volgen. 

Van deze sessie worden met behulp van video apparatuur opnamen gemaakt. De 
resultaten van deze sessie zijn volstrekt vertrouwelijk. Niemand krijgt de opnamen te zien. 
Ik ben de enige die de opnamen bekijkt in het kader van het onderzoek. Na het onderzoek 
worden de banden vernietigd. 

Jullie kunnen gebruik maken van de hulpmiddelen in deze ruimte. Ik wil jullie 
verzoeken om na het experiment de bijgesloten vragenlijst in te vullen. 

Lees nu dan de case beschrijving door. Vragen? We zullen de criteria gezamenlijk 
doornemen. Vergeet niet dat het succes bepaald wordt door de mate waarin aan de criteria 
voldaan is. De risico factoren die je genereert moeten in relatie staan tot een of meer 
criteria waaraan niet voldaan wordt. Lees de criteria door. Vragen? 

De procedure voor risico analyse 

I) Bedenk risico factoren, die het bereiken van een of meerdere criteria (doelstellingen) 
zouden kunnen belemmeren. 

2) Selecteer 5 risico factoren die je belangrijk vindt en noteer ze I t/m 5 in de kolom "risk 



210 Apperulix A 

factors". Dezelfde 5 risico factoren worden voor de verschillende criteria in dezelfde 
volgorde herhaald. B.V. vul voor iedere rij die begint met een I de eerste risico factor in 
(vijf keer). Idem voor de tweede risico factor enz. 

3) Schat de invloed van elke risico factor op elk criterium in op een schaal van I tot 10 (l 
= risico factor heeft geen verband met het criterium, 10 risico factor heeft directe invloed 
op het criterium). Je kunt zo to 25 verschillende oordelen komen, die je invult in de kolom 
"impact" van het formulier. Vul dit in in de kolom "Impact". 

4) Schat voor elk van de 5 risico factoren de kans in dat ze optreden. Geef hiertoe een 
cijfer op een schaal van I tot 10 (I = zeer onwaarschijnlijk, 10 = zeer waarschijnlijk). 
Baseer je oordeel op de case beschrijving en je eigen persoonlijke ervaring. De bedoeling 
is dat je I tot 5 waarden komt die je ieder 5 keer (voor de 5 criteria) invult op het 
formulier in de kolom "probability" (vergelijk stap 2). Vult dit in in de kolom 
"Prob(risk)". 

5) Vermenigvuldig de waarden in de kolom "impact" met de bijbehordende waarden van 
de kolom "probability" en zet de aldus gevonden waarden in de kolom "risk exposure". 

6) Vermenigvuldig dan alle getallen in de kolom "risk exposure" met de bijbehorende 
weegfactor (zie kolom "weight") en zet deze resultaten in de laatste kolom van de tabel. 

7) Tel vervolgens per risico factor dwz tel alle no. I, alle no. 2 op enz. de waarden van de 
laatste kolom op (I tot en met 5). Nadat de gevonden waarden per risico factor zijn 
opgeteld, bepalen de gevonden waarden de belangrijkheid van de afzonderlijke risico 
factoren (het hoogste getal geeft aan wat de belangrijkste risico factor is). 

8) Geef de begeleidster van het experiment (Mindy) op een apart stuk papier een overzicht 
waarop de 5 risico factoren voorkomen van belangrijkst tot minst belangrijk (in het Engels 
a.u.b.). 

Instructions to Pooled Individuals Treatment 

Bedankt voor je komst. Ik wil jullie graag iets meer vertellen over het doel van deze 
bijeenkomst. Zoals je wel weet is het opzetten van een succesvol sporttoemooi makkelijker 
gezegd dan gedaan. Er zijn veel zaken waarmee je rekening moet houden om er zeker van 
te zijn dat aJles goed gaat. Het is je taak om de 5 belangrijkste risico factoren (in volgorde 
van de belangrijkste naar de minst belangrijke) te bepalen, die mogelijk afbreuk doen aan 
het succes van het toernooi zoals dat omschreven is in de case-beschrijving die je 
gekregen heeft. Dit is in essentie ook het doel van het uitvoeren van een risico analyse. 
Voor dit soort taken is het werken volgens een systematische procedure (zoals een risico 
analyse) een goed hulpmiddel. De risico -analyse helpt je de 5 belangrijkste risico factoren 
in de gehele lijst te ordenen in volgorde van belangrijkheid. Ik wil je verzoeken om de 5 
belangrijkste risico- factoren in het Engels op te schrijven. Je hebt net zoveel tijd als je 
nodig hebt voor het uitvoeren van dit experiment. 

Voordat je de risico factoren bepaalt, is het van belang dat je de case beschrijving 
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van het "geplande" toernooi gelezen en begrepen hebt. Dit geldt ook voor de criteria 
(doelen) van het toernooi zoals die reeds bepaald zijn door "experts" op het gebied van het 
organiseren van toernooien. Ik zal nu beide beschrijving en eerst met je doornemen, 
daarna kan je zelf beslissen welke procedure je wilt volgen. 

Ik wil je verzoeken om na het experiment de bijgesloten vragenlijst in te vullen. 

Lees nu dan de case beschrijving door. Vragen? We zullen de criteria gezamenlijk 
doornemen. Vergeet niet dat het succes bepaald wordt door de mate waarin aan de criteria 
voldaan is. De risico factoren die je genereert moeten in relatie staan tot een of meer 
criteria waaraan niet voldaan wordt. Lees de criteria door. Vragen? 

De procedure voor risico analyse 

l) Bedenk risico factoren, die het bereiken van een of meerdere criteria (doelstellingen) 
zouden kunnen belemmeren. 

2) Selecteer 5 risico factoren die je belangrijk vindt en noteer ze l tlm 5 in de kolom "risk 
factors". Dezelfde 5 risico factoren worden voor de verschillende criteria in dezelfde 
volgorde herhaald. B.V. vul voor iedere rij die begint met een I de eerste risico factor in 
(vijf keer). Idem voor de tweede risico factor enz. 

3) Schat de invloed van elke risico factor op elk criterium in op een schaal van l tot lO (I 
= risico factor heeft geen verband met het criterium, lO risico factor heeft directe invloed 
op het criterium). Je kunt zo to 25 verschillende oordelen komen, die je invult in de kolom 
"impact" van het formulier. Vul dit in in de kolom "Impact". 

4) Schat voor elk van de 5 risico factoren de kans in dat ze optreden. Geef hiertoe een 
cijfer op een schaal van 1 tot 10 (I = zeer onwaarschijnlijk, 10 =zeer waarschijnlijk). 
Baseer je oordeel op de case beschrijving en je eigen persoonlijke ervaring. De bedoeling 
is dat je I tot 5 waarden komt die je ieder 5 keer (voor de 5 criteria) invult op het 
formulier in de kolom "probability" (vergelijk stap 2). Vult dit in in de kolom 
"Prob(risk)". 

5) Vermenigvuldig de waarden in de kolom "impact" met de bijbehordende waarden van 
de kolom "probability" en zet de aldus gevonden waarden in de kolom "risk exposure". 

6) Vermenigvuldig dan alle getallen in de kolom "risk exposure" met de bijbehorende 
weegfactor (zie kolom "weight") en zet deze resultaten in de laatste kolom van de tabel. 

7) Tel vervolgens per risico factor dwz tel alle no. I, alle no. 2 op enz. de waarden van de 
laatste kolom op (I tot en met 5). Nadat de gevonden waarden per risico factor zijn 
opgeteld, bepalen de gevonden waarden de belangrijkheid van de afzonderlijke risico 
factoren (het hoogste getal geeft aan wat de belangrijkste risico factor is). 

8) Geef de begeleidster van het experiment (Mindy) op een apart stuk papier een overzicht 
waarop de 5 risico factoren voorkomen van belangrijkst tot minst belangrijk (in het Engels 
a.u.b.). 
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Appendix B: Kolmogorov - Smirnov Statistic 

The Kolmogorov - Srnirnov two - sample test is a test of whether two independent 
samples have been drawn from the same population (or from populations with the same 
distribution. This two - sample test is concerned with the agreement between two sets of 
sample values. If the two samples have been drawn from the same population distribution, 
then the cumuialive distributions of both samples may be expected to be fairly close to 
each other. Thus a large enough deviation between the two sample cumulative 
distributions is evidence for rejecting the null hypothesis. 

To apply the Kolmogorov Srnirnov test, one needs to make a cumuialive frequency 
distribution for each sample of observations. From this distribution, we calculate the 
maximum vertical distance from each of the distributions and assign that as the critica! 
value. The mathematica! representation is the formula given below: 

Let 

Sn1 (X) = the observed cumulative step function of the first sample 
and Sn2 (X) = the observed cumulative step function of the second sample 

The Kolmogorov - Srnirnov two-sample test focuses on 

D = maximum [Sn1 (X) - Sn2 (X)] 

An example is given below: 

Here are the eight observations for the dependent measure - number of ideas generated 
GDSS: 53 52 44 48 60 65 49 39 
Ind: 67 49 51 80 66 103 68 80 

These observations are first put in numerical order and then the two distributions are 
mixed together from the smallest observation to the largest 

x 
GDSS 
IND 
IGDSS- INDI 

39 44 48 49 49 51 52 53 60 65 66 67 68 80 80 103 
1/8 2/8 3/8 4/8 4/8 4/8 5/8 6/8 7/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8 
0 0 0 I /8 l/8 2/8 2/8 2/8 2/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 
1/8 2/8 3/8 3/8 3/8 2/8 3/8 4/8 5/8 6/8 5/8 4/8 3/8 2/8 1/8 0 

Therefore max D== 6/8 is equal to a K-S value of .022 (found in the table) which 
corresponds to a significanee level of .05 
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Samenvatting 

Dit proefschrift richt zich op de mogelijke toegevoegde waarde van het gebruik van 

geautomatiseerde systemen bij de ondersteuning van groepsbesluitvormingsprocessen. Het 

betreft de categorie van group decision support systems (GDSS). Teneinde een goede 

impressie te krijgen van het effect van het gebruik van deze systemen is een vergelijking 

gemaakt met situatie waarin van andere, niet geautomatiseerde ondersteuningswijzen 

gebruik gemaakt wordt. Dit leidde tot een aanpak waarin vier verschillende situaties 

onderling zijn vergeleken: 

een situatie waarin een groep gebruik maakt van een GDSS, 

een situatie waarin een groep gebruik maakt van de nominale groep technologie 

(NGT), 

een situatie waarin een groep zonder verdere ondersteuning samenwerkt, 

en een situatie waarin de resultaten van een aantal onderling onafhankelijk 

opererende mensen worden gecombineerd. 

De tweede, derde en vierde benadering zijn bekend uit eerder onderzoek. Gebruik van alle 

vier de benaderingen stelt ons enerzijds in staat een gedegen evaluatie te maken van het 

effect van het gebruik van een GDSS. Anderzijds stelt het ons in staat de in dit onderzoek 

gehanteerde onderzoeksopzet te valideren door de resultaten wat betreft de overige 

benaderingen te vergelijken met wat uit eerdere onderzoeken naar voren is gekomen. 

Tenslotte blijkt uit een literatuurstudie van relevante GDSS-Iiteratuur dat de belangrijkste 

omissie in de bestaande de niet volledig geïntegreerde testopzet is, waardoor het onderling 

vergelijken van onderzoeksresultaten een zeer complexe en onzekere aangelegenheid 

wordt. Vandaar de beslissing in dit onderzoek een volledige afdekking van groepsbe

naderingen en taaktypen in te bouwen. 

Het onderzoek richt zich op taken die onderdeel uitmaken van een normaal besluit

vormingsproces. McGrath heeft in zijn ' group task circumplex' een classificatie van dit 

type taak weergegeven. Een onderzoek, gericht op alle taaktypen is als te ambitieus 
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afgewezen. Daarom is een selectie gemaakt uit deze taaktypen, rekening houden met het 

door ons ingeschatte relatieve belang van de typen, en de wijze waarop de gekozen 

taaktypen verankerd waren in de literatuur. Hierbij is zowel naar algemene groepsbesluit

vormingsliteratuur als naar specifieke GDSS-literatuur gekeken. Overeenkomend met 

McGrath's creatieve taken, intellectuele taken en besluitvoriningstaken is gekozen voor de 

taaktypen: 

idee generatie, 

selectie 

en prioriteitsstelling. 

Tenslotte is gezocht naar een applicatiegebied waarbinnen het onderzoek kon plaatsvinden. 

Eisen waren dat de zojuist beschreven taakgebieden evident vertegenwoordigd moeten zijn, 

dat het een inzichtelijk taakgebied moet zijn en dat het door een groep moet kunnen 

worden uitgevoerd. Het proces rondom het uitvoeren van een risico-analyse voldeed aan 

deze voorwaarden en is gedurende het project gehanteerd. 

Na afweging van de onderlinge voor- en nadelen tussen een praktijk- en een labora

toriumonderzoek is voor het laatste gekozen. Als onderwerp van risico-analyse is een case 

ontworpen rondom de opzet van een internationaal sporttoemooi. Dit, omdat op dit 

onderwerp voldoende ervaring beschikbaar was. De belangrijkste taak van de 

proefpersonen was het genereren van risicofactoren, het selecteren van de belangrijkste vijf 

en vervolgens het stellen van prioriteiten binnen deze vijf. De resultaten werden 

geëvalueerd door middel van een vergelijking met de door een aantal experts 

overeengekomen top vijf van risicofactoren. 

Dit schetst de achtergrond van het onderzoek: het binnen een laboratorium-setting bekijken 

van de effecten van vier groepsbenaderingen op drie taken binnen het domein risico

analyse. 

De concrete hypothesen die tijdens het onderzoek zijn getest zijn afgeleid uit een studie 

van de relevante literatuur. Deze hypothesen zijn: 



I) Afzonderlijke individuen zullen bij de brainstorming taak meer risico factoren 

genereren dan de andere groepsbenaderingen. 

2) Afzonderlijke individuen zullen bij de brainstorming taak meer accurate risico 

categorieën genereren dan de andere groepsbenaderingen. 

3) Afzonderlijke individuen zullen bij de brainstorming taak meer unieke risico 

categorieën genereren dan de andere groepsbenaderingen. 
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4) Groepen zonder ondersteuning zullen bij de selectietaak een hoger percentage juiste 

risico categorieën kiezen dan de andere groepsbenaderingen. 

5) Groepen zonder ondersteuning zullen bij de selectietaak meer juiste risico 

categorieën van de gegenereerde lijst kiezen dan de andere groepsbenaderingen. 

6) De groepen die GDSS gebruiken zullen bij de prioriteitstellinstaak consistenter 

scoren dan de andere groepsbenaderingen. 

Iedere hypothese werd geoperationaliseerd in een afzonderlijke afhankelijke variabele. 

Deze kunnen verder geclassificeerd worden als gericht op kwantiteit, kwaliteit of 

nauwkeurigheid. Na afloop van het experiment zijn de resultaten geanalyseerd met 

betrekking tot ieder van deze variabelen. 

De eerste hypothese onderzocht of er een verschil was tussen de verschillende bena

deringen bij het van genereren aantallen risicofactoren en had als resultaat dat de 

combinatie van afzonderlijke individuen statistisch beter presteren dan iedere ander groep 

protocol. Er was geen twijfel in deze hypothese dat deze benadering in staat is het grootste 

aantal risicofactoren te genereren. Bovendien presteerde de afzonderlijke individuen beter 

dan de NGT -benadering en de ongestructureerde groepen bij het genereren van een hoger 

aantal unieke risicocategorieën (hypothese 3). Echter, de afzonderlijke individuen deden 

het niet zo goed bij het genereren van de meest belangrijke (juiste) risico factoren die 

behoorden bij het case beschrijving, (hypothese 2). 

Voor de selectietaak waren de verkregen resultaten niet zo sterk in vergelijking met de 

generatie- (brainstorming) taak, maar wel consequent. Voor beiden afhankelijke variabelen 

van de keuze taak, scoorde de NGT benadering beter dan de andere benaderingen 

(hypothesen 4 & 5). Dit werd echter statistisch niet met hoge significantie onderbouwd. 
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Bij de prioriteitstellingstaak presteerde de GDSS benadering significant beter dan de 

afzonderlijke individuen (hypothese 6). Er werden voor deze taak geen significante ver

schillen gevonden tussen de enerzijds de GDSS benadering en anderzijds de NGT en 

ongestructureerde benaderingen. 

De resultaten van dit onderzoek zijn een stap op weg naar inzicht in de wijze waarop 

groepsbesluitvormingsprocessen kunnen worden ingericht door rekening te houden met een 

onderlinge afstemming tussen taaktype en wijze van groepsondersteuning. Deze benadering 

om de meest aangepaste groepsbenadering te gebruiken kan later verfijnd worden, 

misschien in een andere applicatie gebied, door deze benaderingen opnieuw te testen ten 

opzichte van dezelfde taak typen, teneinde additionele validering te bewerkstelligen. In de 

praktijk wordt een hogere kwaliteit van de besluitvorming bereikt door een optimale fit 

tussen groepsbenadering en taak typen na te streven. 

Als we ons concentreren op de resultaten van de GDSS benadering, zien we dat voor een 

van de drie afhankelijke variabelen voor brainstorming de GDSS groepen het best pres

teerden en bij de andere twee variabelen de een na beste prestatie neerzette. Bovendien 

presteerden de GDSS groepen bij de prioriteitstellingstaak zondermeer het best. Het bleek 

dat, terwijl sommige andere benaderingen misschien per taak optimaler zijn, toch de 

GDSS groepen het over het geheel goed deden in vergelijking met de andere 

benaderingen. Daarnaast is het duidelijk dat GDSS voor de leden van de groep de 

gelegenheid voor een gelijkwaardige deelname bied, zonder dat persoonlijke kritiek het 

ontwikkelen van nieuwe ideeën hindert. De GDSS benadering moedigt een menselijke 

benadering van besluitvorming aan. Als de verkregen objectieve resultaten worden 

gecombineerd met de subjectieve bevindingen, die in dit proefschrift onderzocht zijn, dan 

zijn de conclusies positief. Het gebruik van GDSS voor besluitvorming kan inderdaad een 

waardevol instrument voor menige organisatie zijn. 
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I 

When individuals brainstoon in a group, it is likely that information which is 
available from some of the group members will not be heard because of the 
dominating forces from the other group members. (Source: this thesis 
Chapter 1) 

11 

Befure choosing a group protocol, it is advisable to assess each of the existing 
group protocols and their relative strengtbs or weaknesses in relation to the 
decision task under consideration. (Source: this thesis Chapter 8) 

lil 

As a result of using a GDSS in group research, group size is no longer viewed 
as a critical determinant of performance as it used to be. (Soorce: this thesis 
Chapter 2) 

IV 

The research in GDSS can be better studied by using a more integrated 
approach by combiDing and comparing different task types with different group 
protocols (Source: this thesis Chapter 3) 

V 

GDSS literature suggests that intellective (information based) tasks are 
performed better when the group members are able to speak their ideas and 
make them known. However, unequal influence between the members is useful 
in order to utilize more knowledge from the more experienced group members. 
(Source: this thesis Chapter 3) 



VI 

Significanee of the research is often inversely proportional to the statistica! 
significanee of the data. The converse is also true. 

VII 

In a country which considers itself highly progressive, only 20 percent of all 
women between the ages of 18 and 65 work full time in the Netherlands. 
(Source: Central Bureau of Statistics, Netherlands) 

VIII 

Dutch people' s height is inversely proportional to their bicycle sîze. 

IX 

Because Americans do not enjoy a genetic predisposition for great height, they 
tend to have a greater capacity for weight gain. 

x 

Playing rugby is facing something you cannot run away from. 

XI 

Most people do not know how to "behave" in a riot. 




