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ABSTRACT 

This dissertation presents the Cognitive Network Model of Creativity. This causal 

model posits that creative solutions occur when new associations are formed between 

disparate elements from memory. The likelihood of forming new associations is a 

positive function of the disparity between these elements and an inverse function of the 

problem solver's cognitive load. Cognitive load is, in turn, a positive function of the 

disparity between elements and the quantity of stimuli per unit of time to which the 

problem solver is exposed. Cognitive load is also an inverse function of the extent to 

which elements may be combined. The disparity between elements is a positive function 

of stimuli diversity, while the extent to which elements may be combined is an inverse 

function of stimuli diversity. Thus, the Cognitive Network Model of creativity 

represents a highly plausible answer to the research question: "What is a basic cognitive 

mechanism responsible for producing creative solutions to a problem?" that is grounded 

in group support systems, cognitive psychology, problem solving, and creativity 

research. 

Sixty one four-person groups participated in one of two experimental problem 

solving tasks designed to evaluate the model. The solution space for each task was 

partitioned into five smaller domains based upon known criteria for good solutions. 

Four directed brainstorming prompts were derived from each domain. These twenty 

prompts were then arranged to create three treatment conditions with respect to stimuli 

diversity (low, medium, and high). In each treatment, one directed brainstorming 
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prompt was delivered to the electronic brainstorming supported groups every two 

minutes; groups in the control condition received no facilitation. 

Initial findings consistent with the model suggest that people using directed 

electronic brainstorming produce higher concentrations of creative solutions than people 

using free brainstorming because directed brainstorming focuses the efforts of the 

problem solvers on specific goals while simultaneously providing ready access to 

discontiguous areas of memory that help problem solvers avoid bounded, familiar, and 

narrow thought patterns. Findings show directed brainstorming advantages for low 

stimuli diversity, resulting in sharply focused creative solutions, and high stimuli 

diversity, resulting in broadly focused creative solutions. Medium diversity facilitation 

bestowed no benefit. 
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CHAPTER 1 - INTRODUCTION 

I had collected forty definitions of creativity. The profusion was enough 
to give one the impression that creativity is a province for pseudo-
intellectuals. I submit that the time has come for more precision in 
definition and usage, that only when the field is analyzed and 
organized—when the listener can be sure he knows what the speaker is 
talking about—will the pseudo aspect of the subject of creativity 
disappear. (Rhodes, 1961) 

Creativity is at the heart of the quest for competitive advantage and organizational 

survival. Without creativity, an organization cannot innovate to improve its performance 

nor can it survive significant environmental change. In dynamic and competitive 

marketplaces, it is not sufficient for an organization to innovate merely once; it needs to 

innovate continuously. 

A wide variety of approaches have been used to study creativity. These 

approaches can be grouped into four overlapping theoretical perspectives, each of which 

has its respective strengths and weaknesses: 

• Product - frames creativity as a property of products and studies what causes 

creative products to be different from more mundane products 

• Person - frames creativity as a property of people and studies what causes 

differences in creativity among populations 

• Press - frames creativity as an interaction between people and their 

environments, and studies how a person reacts to some particular environment 
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• Process - frames creativity as a way of thinking and studies the stages of the 

creative thinking process 

Together these perspectives are known as the Four P's of creativity (Rhodes, 1961, 

see Figure 1) and represent a framework to help organize the existing creativity 

literature. 

Researchers have sought a better understanding of creativity for more than a 

century and the resulting investigations have shed a great deal of light on the subject. 

The following section examines the creativity literature in terms of the Four P's and then 

argues that existing theories do not sufficiently explain a cognitive mechanism of 

creative solution production in a problem solving environment. 

Drawing upon insights from the extensive creativity literature and from the 

principles of cognitive psychology, this research proposes a model to explain the 

cognitive mechanisms that cause creative solutions to emerge during problem solving 

tasks. The model posits that creative solutions are the result of cognitive processes that 

combine and reorganize elements from disparate areas of memory. Greater disparity 

among the elements combined leads to solutions of greater creativity but does so at the 

expense of increased constraints upon cognitive capacity. These constraints 

subsequently limit the ability to form new combinations of remote elements. This 

research then presents an experiment designed to manipulate these cognitive constraints 

while subjects are engaged in a problem solving task. Finally, the model is evaluated in 

light of the collected data. 
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1.1 The Four P's of Creativity 

This section explores the major perspectives of creativity embodied by each of the 

Four P's including the definitions, prevailing theories, methods of investigation, and 

findings. Special attention will be given to the benefits and limitations associated with 

each perspective to help the reader understand the need for a new approach. 

1.1.1 Creativity as an Attribute of the Product 

The Product perspective of the Four P's frames creativity as a property of products 

and studies what causes creative products to be different from more mundane products. 

Brogden and Sprecher (1964) provide a classic definition of a Product as a physical 

object, a theoretical system, an equation, or a new technique. Examples of the variety of 

contexts in which analysis of creative products has taken place include domains such as 

art (Bull «& Davis, 1982), literature (Borgstadt & Glover, 1980; Conti, Coon, & Amabile, 

1996), poetry (Amabile, 1982), and science (Taylor, Smith, & Ghiselin, 1963). 

Pr 
(enviroi 

Person 

Figure 1. The Four P's of Creativity, adapted from Rhodes (1961). 
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Many different authors have proposed an impressive array of definitions of the 

creative product. Amabile (1987) defines a product as creative to the extent that is both 

novel and appropriate to an open-ended task. MacKinnon (1962) indicates that a 

creative product is novel and adaptive to reality. It also serves to solve a problem, fit a 

situation, or accomplish some recognizable goal. Bruner (1962) defines the creative 

product as anything that evokes "effective surprise" in the observer in addition to a 

"shock of recognition" that the response, although novel, is entirely appropriate. Barron 

(1955) indicates that creative products should have a certain uncommonness in the 

particular group being studied and to some extent be adaptive to reality. Jackson and 

Messick (1965) define the creative product as one that is unusual when compared to 

other products in the same class, is appropriate to the demands of the situation, has the 

power to transform the constraints and boundaries of the situation, and has high 

"condensation power." The highest form of creative condensation unifies the concepts 

of simplicity and complexity such that the product, which at first glance appears simple, 

turns out to possess only apparent simplicity upon closer inspection. Thus, evaluation 

criteria based upon these definitions vary widely and frequently depend upon subjective 

judgments of limited samples of products (Hocevar & Bachelor, 1989). 

Studies that examine attributes of creative products frequently employ multiple 

judges who rate various products along each of the attributes contained in the respective 

definition of the creative product. Results of these studies invariably support each of 

these different definitions by demonstrating inter-rater reliabilities among the judges 

who rate the set of products or by demonstrating factor loadings of various sub-attributes 
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onto each of the creative product attributes proposed in the respective definitions. 

Different techniques exist for evaluating products based upon the above definitions: 

note; however, many suffer from a lack of discriminant validity among the attributes 

they propose to measure (Getzels &. Jackson, 1962; Runco & Mraz, 1992; Runco & 

Charles, 1993). In other words, subjective judgments along the various attributes of 

creative products are often highly intercorrelated with one another, indicating a general 

inability of judges to distinguish between them. 

As an alternative to providing specific criteria for the judgment of products, the 

definition of a creative product may be operational ized as follows: a product or response 

is creative to the extent that appropriate observers independently agree it is creative 

(Amabile, 1988). This method of creative product judgment, known as the consensual 

assessment technique (Amabile, 1982), has five operational requirements. First, the 

judges should all have some experience with the domain being assessed. Second, the 

judges need to assess the products independently. Third, judges are asked to make 

assessments on other dimensions in addition to creativity. Fourth, judges are also 

instructed to rate the products relative to one another as opposed to rating them relative 

to the greatest works ever produced in that domain. Finally, each judge should view the 

products in a different random order. Runco and Bahleda (1986) argue that this implicit 

social validation paradigm is based on the idea that implicit theories have more 

ecological validity than do the explicit theories introduced above. In other words, 

judgments given by significant individuals have more real-world contextual relevance 

than purely objective examinations. 



Amabile (1982) conducted a series of eight experiments where subjects were asked 

to produce art collages or compose poetry. Several independent artists and poets then 

rated these products according to their respective creativity as well as several other 

attributes. Results indicated that judgments of the products made by experts in the 

respective fields are remarkably consistent in terms of creativity and that these 

judgments are reliably differentiable from the other scoring attributes. Amabile argues 

that not only do the tasks themselves mimic real-world performance but also that the 

assessment technique mimics real-world evaluations of creative work. The consensual 

assessment technique thus represents an ecologically valid methodology that can 

produce clear and reliable subjective judgments of creativity. It is for these reasons that 

the consensual assessment technique will be employed for the present study. 

In summary, studies that develop and use lists of properties to separate creative 

products from non-creative products represent an important stage in the evolution of 

creative assessment. The specific attributes employed, however, often suffer from poor 

discriminant validity, thereby undermining the results of the corresponding studies. The 

consensual assessment technique created by Amabile (1982) has been used to overcome 

these difficulties and more closely mimics real-world evaluation of creative work. 

Finally, before considering the remainder of the Four P's, it is important to point out one 

further conceptual difficulty which results from framing creativity as a property of 

products: Researchers are still no closer to understanding how the creative product 

emerges or what actually causes these differences among products. 
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1.1.2 Creativity as an Attribute of the Person 

The Person perspective of the Four P's frames creativity as a property of people 

and studies what causes differences in creativity among populations. A variety of 

theories, collectively referred to as trait theories, have predicted that the creative person 

is one endowed with certain mental abilities and attitudes. Guilford (1950) defines a 

trait as any relatively enduring way in which persons differ from one another. Examples 

of studies based upon trait theories examine correlations between creative people and 

personal attitudes and interests (Davis & Rimm, 1982), eminence achieved in some 

particular field of expertise (Simonton, 1976), biographical inventories of lifetime 

accomplishments (Buel, 1965), inventories of specific skills (Davis & Rimm, 1985), and 

overall intelligence level (Guilford, 1967). Other investigations seek identification of 

creative adults through measures of individual preferences for activities, such as 

visualization of projects, curiosity, artistic ability, and propensity to daydream (Bull & 

Davis, 1982). 

Roe (1946, 1953) investigated eminent people by administering personality tests 

and obtaining biographical information from highly creative artists and scientists. She 

found that high energy levels, persistence, curiosity, and independence often 

characterized research scientists, while both scientists and artists exhibited high 

motivation to succeed. MacKinnon (1962) found that highly creative architects are self-

confident, flexible, self-accepting, unconcerned with the opinions of others, and strongly 

motivated to achieve. 
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Kirton (1976) developed an inventory device that places individuals along a 

continuum that ranges from adaptors (people able to do things better) at one end to 

innovators (people able to do things differently) at the other end. In a study that 

included over 700 subjects, Kirton found that women are more adaptor-inclined than 

men and those over 45 years of age averaged lower innovator scores than those younger 

than 45. Traits found to be associated with innovators include the ability to think 

tangentially, to discover problems, to challenge assumptions, to create dissonance, to 

treat accepted means with little regard, to work only for short bursts, to take control in 

unstructured situations, and to handle unscheduled crises well; an innovator breaks from 

the past, is insensitive to people, has low self doubt, and provides dynamics to bring 

about radical change. 

In a study of 132 male research personnel employed by major pharmaceutical and 

manufacturing organizations, Buel (1965) found that more creative men tend to have a 

positive self image, a need for personal independence in work and social environments, 

wide interests, and a tendency to become over involved. Creative men also tend to react 

positively to a challenge, seek unstructured work situations, and desire contemplative 

pursuits. 

Stein (1963) studied creative people working in the field of science. In 

comparison to less creative people, subjects who are deemed more creative are distant 

from their parents, are engaged in solitary activities early in life, are autonomous, and 

strive for more distant goals. 
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Another device for identifying creative persons is the Adjective Check List (ACL, 

Gough & Heilbrun, 1980), which contains a checklist of 300 adjectives that describe an 

array of personal traits. A specialized form of the ACL, the Creative Personality Scale 

(Gough, 1979), contains a list of 30 adjectives. Across a sample of 1700 architects, 

mathematicians, and graduate students, adjectives that correlate positively with creative 

people include capable, clever, confident, egotistical, humorous, individualistic, 

informal, insightful, intelligent, inventive, original, reflective, resourceful, self-

confident, sexy, snobbish, and unconventional. Adjectives that correlate negatively with 

creative people include affected, cautious, commonplace, conservative, conventional, 

dissatisfied, honest, mannerly, sincere, submissive, and suspicious. 

Thus, trait theories have been tested by a tremendous variety of survey and self-

report mechanisms. As widely used as many of these useful techniques are, they are 

frequently accompanied by conceptual difficulties. Correlational models that deal with 

"contributing factors" and "categories of characteristics" can rapidly become too 

complex to sustain scientific investigation because each factor can be infinitely 

subdivided. Consider, for example, the endless variety of personal characteristics that 

might affect the level of creativity that a person possesses such as childhood 

experiences, attitudes, and personal preferences. Now, consider just childhood 

experiences. These might include social, emotional, economic, physical, and other 

influences. This enumeration illustrates how the constructs in descriptive models can be 

endlessly divisible and therefore extremely difficult to test experimentally. 



26 

As opposed mere to assembling a list of binary traits that creative people possess 

(such as autonomy, intelligence, originality, etc.), researchers may utilize a different 

investigative techniques involving psychometric tests. These tests attempt to quantify 

certain mental abilities that trait theories predict correlate with creative people. Guilford 

(1950) defines creativity as the set of abilities that are most characteristic of creative 

people. Guilford's (1967) Structure of Intellect (SI) model attempts to organize all traits 

of human cognition along three primary dimensions: thought processes and operations, 

contents to which the operations can be applied, and the products that might result from 

performing these operations on different contents. Thought processes and operations 

include five operations: divergent production, convergent production, cognition, 

memory, and evaluation. The four types of contents are figural, symbolic, semantic, and 

behavioral. Finally, there are six types of products that result from the operation of the 

processes on the contents: units, classes, relations, systems, transformations, and 

implication. These dimensions combine to produce a three dimensional matrix of 120 

distinct mental abilities. 

One series of psychometric tests designed by Guilford (1963) isolated a set of 

attributes that the creative thinker possesses. These attributes include a good vocabulary 

as well as abilities to discover relationships between ideas, comprehend the nature of the 

basic relationships inherent in a problem, anticipate the needs or consequence of a given 

situation, produce many ideas where free expression is encouraged, produce words from 

a restricted area of meaning, produce clever or uncommon responses to specific 
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situations, produce a response to fit some relationship of ideas, and recognize problems 

that may present themselves. 

Many tests have been devised to measure and analyze the structures of intellect. 

The most commonly studied of Guilford's 120 structures are divergent thinidng or 

divergent production abilities in which subjects list unusual uses for common items such 

as a brick or a paper clip. Tests that measure divergent production are typically grouped 

into four categories used to evaluate the creative abilities of the individual. These 

factors are fluency (the ability to produce a large number of ideas), flexibility (the ability 

to produce a wide variety of ideas), originality (the ability to produce unusual ideas), and 

elaboration (the ability to embellish ideas, or to produce many details for a single idea) 

(Guilford, 1963). The Torrance Test of Creative Thinking (TTCT) developed by 

Torrance (1966, 1974) focuses on Guilford's four divergent production categories and 

yields individual scores for fluency, flexibility, originality, and elaboration, as well as an 

overall creativity index. In this context, Torrance (1979) defines creativity as a set of 

abilities, skills, motivations, and states that are linked to dealing with problems. Thus, 

the creative person is one that possesses these abilities and skills as determined by the 

TTCT. These tests have a long tradition of use in the assessment of creative people in 

elementary schools, colleges, and other programs for adult education. 

Using creativity tests such as these, researchers have made significant strides 

toward understanding the phenomenon of the creative person. Each major test of 

creativity, however, has been plagued by validity concerns among the constructs it 

proposes to measure. For example, consider the following questions. What kind of test 
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is it? What exact ability is it tapping? What effect do different methods of scoring (and 

different, usually anonymous, scorers) have upon its correlates? How does timing affect 

the test? How do the instructions themselves affect performance in defining the implicit 

work schedule? (Barron & Harrington, 1981). 

Subsequent evaluations have demonstrated under a test and re-test paradigm that 

Guilford's SI model is unreliable. Scores derived for an individual at one point in time 

do not correlate with scores for that same individual at some different point in time 

(Bachelor, Michael, & Kim, 1994; Clarizio & Mehrens, 1985). Similar attempts to 

assess the constmct validity of the TTCT have failed across a wide variety of subjects 

ranging from elementary, high school (Parker, 1980), and college students (Martin, 

Blair, & Herman, 1981) to adult males (Hassan, 1986), and people in the fields of art and 

science (Kanter, 1984). Evidence has also been provided that indicates the constructs of 

the test, which are based on the four dimensions of the TTCT, suffer from poor 

discriminant validity. Individual scores for fluency, flexibility, and originality have been 

shown to be highly intercorrelated with one another, and when the effects of fluency are 

removed, the reliability of flexibility and originality measures drops to zero (Borland, 

1986; Hocevar, 1979). Thus, it seems the only remaining valid measure of divergent 

thinking tests is that of fluency. While some studies have shown that creativity 

sometimes correlates with idea quantity (Diehl and Stroebe, 1987; Dennis, Valacich, and 

Nunamaker, 1990; Gallupe et al., 1992; Valacich, Wachter, Mennecke, & Wheeler, 

1993), however, other studies have shown that this is not always the case (Connolly. 

Jessup, and Valacich, 1990; Gryskiewicz, 1980). For example, Gryskiewicz's (1980) 
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study, which compared different creative problem-solving techniques, found that 

techniques designed to generate highly creative ideas did indeed lead to higher levels of 

creativity but produced fewer ideas than the other techniques. Grysidewicz therefore 

warns that quantity alone is insufficient for evaluating the creativity of ideas produced 

by various methods. Similar validity problems have been discovered with instruments 

based upon Guilford's SI tests that are designed to assess creativity (Clarizio 

Mehrens, 1985, Bachelor et al., 1994). 

Over the past half century, trait theories have been the focus of a great deal of 

creativity research. Different researchers indicate that a wide variety of traits correlate 

with highly creative individuals, while people without these same attributes are less 

creative. In summary, studies that frame creativity as a property of the individual have 

demonstrated several difficulties. Trait theories are commonly based upon correlational 

studies that deal with endlessly divisible constructs such as preferences or lifetime 

experiences. Creative models of this type quickly become too large to sustain scientific 

investigation. Similarly, psychometric tests designed to measure certain cognitive 

abilities have demonstrated a host of validity and reliability concerns under closer 

scrutiny. Additionally, no universal traits of the creative person have emerged. The 

reader is cautioned against forming the opinion that these studies have not made any 

contribution to the knowledge that exists about creativity, however. Perhaps the single 

greatest contribution of this collection of studies is the realization that creativity is not a 

unidimensional personality trait; rather it may be represented by a complex set of 

abilities. 
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Finally, as with studies that investigate creativity as a property of products, studies 

that investigate creativity as a property of the individual leave several important 

questions unanswered. Consider, for example, the following questions: Why do these 

attributes matter? How do these abilities and attributes affect creativity? 

1.1.3 Creativity as an Attribute of the Press 

The Press perspective of the Four P's frames creativity as an interaction between 

people and their environments and studies how a person reacts to a particular 

environment. In this context, elements necessary for creativity to emerge may include 

social interaction, intrinsic and extrinsic motivation, the presence of sufficient challenge, 

freedom and autonomy, access to required resources, and organizational support 

(Amabile, 1990). Other factors found to have a positive effect on creativity in the work 

place are management styles that encourage risk taking and provide support and 

encouragement when failures occur (Fitzgerald, 1990), as well as those that encourage 

goal setting (Shalley, 1991) and motivation (Runco, 1986). Conversely, threats of 

evaluation, surveillance, competition, and time pressure have been shown to adversely 

affect creativity in children (Amabile, 1987, 1998). Many of these constructs are 

operationalized in the Work Environment Inventory (Amabile &. Gryskiewicz, 1989), 

which seeks to identify environmental attributes that correlate with creativity. Wallach 

and Kogan (1965b) have developed a method of assessing creativity based on the effects 

of the testing environment upon creative thinking. They have found that testing 

conditions more conducive to creativity are often game-like in nature and devoid of time 

restrictions. 
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Csikszentmihalyi (1990) focused on creativity in social systems as an interaction 

among a domain, a person, and a field. In this respect, the domain is a set of 

opportunities and constraints acting upon the person who produces a new concept or 

product. The field is a set of specialists who then decide whether the concept or product 

meets the creative criteria of the domain. The determination of creativity is thus 

bestowed on the person through the interaction of the domain and the field. 

Studies that frame creativity as an attribute of the environment have enumerated 

many possible factors that affect creativity. These studies have shown that creativity 

may well be the outcome of certain environmental forces playing upon certain 

individuals as they grow and mature. For example, each person perceives his 

environment in a unique way, and these varied factors act upon the person to influence 

creativity either positively or negatively. While study of these factors leads to 

prescriptions for creating environments that are in fact more conducive to creativity, 

investigations dealing with proper social or professional climates that foster creativity 

share the same primary shortcoming as do studies of creative products and creative 

people: a lack of causal explanation. Despite all that has been learned, researchers are 

still no closer to understanding why these prescriptions work the way that they do. Why 

do these environmental factors matter? Precisely how do they influence creativity? 

1.1.4 Creativity as an Attribute of the Process 

The Process perspective of the Four P's frames creativity as a way of thinking and 

studies the stages of the creative thinking process. Different stage models are designed 

either to describe or to enhance the creative process and typically consist of step by step 
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sequences of mental activities involved with the creative process. A common topic used 

to investigate the creative thinking process is problem solving. For the time being, 

problem solving is loosely define as activities that range from finding the single correct 

solution for a mathematical problem to choosing an appropriate form of artistic 

expression to represent some inspiration. Chapter 2 presents a more focused definition 

of problem solving. 

Early descriptive stage models of the creative process were largely mechanical in 

nature and based on the introspections of poets, scientists, and mathematicians (Patrick, 

1935, 1938; Polya, 1957). Helmholtz was perhaps the first to describe the creative 

process as a stage model consisting of saturation, incubation, and illumination (cited in 

Whiting, 1958). Saturation involves the gathering of information necessary for 

developing ideas, incubation is an unconscious reorganization of information, and 

illumination is the realization of the solution to the problem. Wallas (1926) proposed a 

problem solving stage model that includes four stages: preparation, incubation, 

inspiration, and verification. Based upon a study of inventors, Rossman (1931) 

produced a sequence of stages involved in the creative process. These stages include 1) 

observation of a need or difficulty; 2) analysis of the need (problem formulation and 

definition); 3) survey of available information; 4) formulation of possible solutions; 5) 

critical examination of the advantages and disadvantages of the possible solutions; 6) 

formulation of new ideas; and finally 7) testing and elaboration of the most promising 

solution. Dewey (1933) suggested that problem solving activities include stages for 

defining the problem, identifying the alternative solutions, and finally selecting the best 
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solution(s). Similarly, Simon (1960) suggested a three-stage approach to problem 

solving comprised of intelligence, design, and choice. Intelligence involves activities 

that develop useful problem definition through recognition and analysis of some 

problem, design refers to the generation of solutions to that problem, and choice 

represents the selection and implementation of a solution. Stein (1963) defines creativity 

as the process that results in a novel work that is accepted as tenable or useful or 

satisfying by a group at some point in time. 

Prescriptive stage models for creative problem solving aim to enhance human 

problem solving performance by formalizing a protocol that insures that none of the 

previously identified stages are skipped during problem solving efforts. Hundreds of 

techniques that provide step-by-step sequences of actions or instructions have been 

proposed (for excellent reviews and summaries of these techniques, see Couger, 1995; 

Osbom, 1957; Rickards, 1974; Van Gundy, 1987, 1988). 

Yet, despite the proliferation of both descriptive and prescriptive stage models, 

research Hndings cited below indicate that creative problem solving still proves 

exceptionally difficult for people to perform. Imagine that for any given problem, a 

hierarchical structure can be created that "maps" the potential solution space (the set of 

all possible solutions) to that problem. The primary level (or branch level) of the map 

categorizes all of the different types or families of possible solutions, while the 

secondary level (or leaf level) contains all of the specific instances of solutions for each 

solution type. A rich literature indicates that people facing large, complex problems tend 

to think within a bounded, familiar, and narrow subset of the potential solution space 



rather than to think creatively (for seminal work in this area see Collins & Loftus, 1975; 

Mednick, 1962; Tversky &. Kahneman, 1974). In complex problem solving, subjects 

routinely overlook between seventy and eighty percent of the potential solution space 

(primary branches of the hierarchy) and are even unaware that they are doing so 

(Connolly, Routhieaux, & Schneider, 1993; Gettys, Pliske, Manning, & Casey, 1987). 

On a related theme, MacCrimmom and Wagner (1994) demonstrate that people are often 

better able to make decisions that select a specific solution from some predetermined set 

of alternative solutions provided to them than they are to develop actual creative 

solutions to a particular problem on their own. 

While these Hndings begin to highlight potential limits of human creative problem 

solving processes, they simultaneously suggest significant potential for improvement. 

Indeed, teams using computer systems that support work groups, collectively known as 

Group Support Systems (GSS), have realized some improvements in problem solving. 

One function of GSS is to assist a group of people in formulating and solving semi-

structured or unstructured problems (DeSanctis & Gallup, 1987). GSS have 

demonstrated significant improvements in group processes by removing communication 

barriers, providing techniques for structuring analysis, and systematically directing the 

pattern, timing, and content of discussion (Connolly et al., 1990; Dennis et al., 1990; 

DeSanctis & Gallup, 1987; Fjermestad & Hiltz, 1998; Nunamaker, Dennis, Valacich, 

Vogel, &. George, 1991; Nunamaker, Briggs, Mittleman, Vogel, &. Balthazard, 1997; 

Valacich, Dennis, Connolly, 1994; Watson, DeSanctis, &. Poole, 1988). 



35 

In contrast to the descriptive and prescriptive stage models introduced above, 

cognitive stage models focus more heavily on studies that attempt to gain insights into 

the actual cognitive processes that underlie creative thinking. Perhaps the most well 

known cognitive model of the creative thinking process is that of Mednick (1962) who 

defines creativity as the process of forming mental elements into new combinations 

which either meet specified requirements or are in some way useful. He continues on to 

indicate that the more mutually remote the elements of the new combination, the more 

creative the process or product. 

High Steep associative hierarchy 
Flat associative hierarchy 

Associative 
Response 
Strength 

Mabel Food Wood Leg Chair Cloth 

Figure 2. Associative hierarchies around the word "table" (Mednick, 1962). 

In order to measure one's ability to generate associations between disparate items, 

Mednick and Mednick (1964) developed the Remote Associations Test (RAT). The 

foundation of this test is what Mednick terms the associative hierarchy. The associative 

hierarchy is a cognitive structure that indicates the number of associations an individual 

is likely to have to any given element in memory. People with steep associative 

hierarchies have very strong associations from some initial stimulus to some small set of 

other elements, whereas people with flat associative hierarchies have relatively weaker 
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associations with a relatively larger set of other elements (see Figure 2). Thus, people 

with flat associative hierarchies are proposed to have the ability to slowly and steadily 

produce a great many associations to a specific stimulus. Therefore, the processes that 

operate on flat associative hierarchies are predicted to lead to relatively higher levels of 

creativity. In contrast, people with steep associate hierarchies have the ability to more 

rapidly generate only a few associations to a specific stimulus. Therefore, the processes 

that operate on steep associative hierarchies are predicted to lead to relatively lower 

levels of creativity. 

A typical example of using RAT to gain insights to the creative process would be 

to offer "blue," "rat," and "cottage" as stimuli. The desired response "cheese" thus 

demonstrates the creation of associations between disparate items that results from the 

creative process operating on a flat associative hierarchy. 

Evaluations of the Remote Associations Test have indicated that the results are 

more dependent upon the prevailing culture in which the test is administered than upon 

actual creativity (Andrews, 1967; Davis & Belcher, 1971; Hood 8c Ginsburg, 1969). 

Some researchers, however, have suggested that Mednick's theoretical position is not 

well operationalized by the RAT (Hood & Ginsburg, 1969). For example, Mednick 

defines creativity as the ability to form new and useful combinations of previously 

dissociated elements, but the RAT does not test the subject's ability to form any 

combinations. Instead, subjects are presented with the combination and merely 

requested to find a mediator (Ocshe & van Lill, 1990). 
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Despite the difficulties encountered with using the RAT, the basic associative 

premise underlying the creative process still appears quite viable. The theme of a 

creative process that brings together disparate mental elements to form new and useful 

combinations has existed for quite some time (Freud, 1938; Mednick, 1962; Ribot, 

1900a, 1900b). Taylor (1975) indicates that creativity results from the combination of 

previously separated materials or ideas. Martindale (1995) also supports the associative 

view of a creative process by stating that when analyzed, creative ideas or products are 

always new combinations of old ones. For example, a poet does not generally make up 

new words. Rather, old words are put together in a new way. It is interesting to note 

that these definitions of creativity are equally applicable to traditional problem solving 

as well as to artistic endeavors. 

Clearly, stage models aid in the conceptualization of the creative process to a 

certain degree. They demonstrate that techniques for enhancing the creative process 

encompass understanding the given situation, actively formulating alternative 

approaches, evaluating those alternatives, and applying the selected alternatives. 

According to stage models, creative processes do not spontaneously and effortlessly 

occur whenever people are faced with some problem (in the broad sense of the word 

problem). Rather, the creative process is the result of sustained and complex mental 

effort over time. Despite the existence of a wide variety of stage models, however, a 

great deal of literature emphasizes that creative problem solving remains exceptionally 

difficult to perform. 
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Although tests, such as RAT, designed to study cognitive stage models have met 

with some resistance, the notion that the creative process is linked to forming remote 

associations in the mind remains quite viable. By studying associative models, 

researchers gain new insights into the creative process. There is the hint of the 

possibility of a discrete cognitive mechanism associated with the creative process, but 

there is still no formal specification of how it might function. Many questions still 

remain, including the following: Why do these techniques represented in descriptive and 

prescriptive stage models sometimes work? What are the limitations of a cognitive 

mechanism of the creative process? How can the creative process best be leveraged 

while engaged in creative problem solving? 

1.2 Remaining Challenges in Creativity Research 

The above perspectives of creativity offer various insights into creative problem 

solving (in the broad sense). Many of the prescriptions for enhancing creativity 

(following stage models, employing group support systems, creating a specific 

environment, or gathering people with certain abilities) are demonstrably effective and 

have yielded vastly useful insights drawn from extensive experiences. However, these 

prescriptions tend to imply a cause-and-effect relationship without addressing what 

actually causes the effect or explaining why the results obtained matter to creativity. 

Why do personal characteristics matter? Why do childhood experiences matter? Why 

do social factors matter? Why do specific problem solving techniques and processes 

lead to creativity? Why does the environment matter? Why does motivation matter? 

Given the previous discussion, it is difficult to explain why one may be creative at some 
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times and not at others, or why one person is more creative than another is. Without this 

causal explanation, it is difficult to know what parts of the various prescriptions are 

effective and which are superstitions. 

1.3 The Research Questions 

In light of the above discussion, the topic of creativity can be imagined as a 

spectacularly complex and far reaching nebula. The previous discussion highlights the 

wealth of perspectives that have been used to assess and leam about creativity. It also 

serves to underscore the interdependent nature of the Four P's of creativity (the overlap 

depicted in Figure I). 

A comprehensive discussion of general creativity and all of its potential domains 

of influence and application would surely exceed any realistic time and space 

considerations. In the context of the present research effort and the Four P's, creativity 

is considered a property of a product that is caused by the cognitive activity of the 

person. Rather than ultimately seeking an answer to the question "Is this product 

creative?" or "Will this particular environment foster creativity?" the present research 

addresses the question: "What causes creativity to occur?" It is important to distinguish 

this question from others with which it may easily become confused. The goal is not to 

determine what set of personal characteristics cause creativity to occur, nor is the goal to 

determine what environmental factors are most likely to cause creativity to occur. 

Instead, the goal of the present research is to determining what cognitive process is 

responsible for creativity. 



Correspondingly, the first research question is theoretical in nature: 

1. What is a basic cognitive mechanism responsible for producing creative 

solutions to problems? 

Such a mechanism should contain causal links between cognitive constructs that 

are in some manner empirically verifiable. A model that fails to include testable links 

will directly prevent researchers from addressing the second and more practical question 

2. How can such a basic causal mechanism of creative solution production 

be leveraged to help people overcome the limitations discussed above 

and generate creative solutions to problems? 

Exploring each of these research questions will help researchers to strive toward 

increased theoretical and practical understandings of creative solution generation. It 

seems plausible that even a rudimentary understanding of a candidate cognitive 

mechanism associated with creative solution production could be used to derive 

processes that can help problem solvers generate solutions to problems that are more 

creative than solutions generated without the help of such procedures. Thus, it seems 

plausible that a more complete understanding of the production of creative products may 

help lead to a better understanding of the Four P's of creativity outlined above. 

1.4 The Research Approach 

Although different stage models of creativity vary widely in their number of 

stages, specific activities for each stage, and the temporal order of stages, one 

characteristic they all share is a discrete stage or sub-stage devoted to generating 

candidate solutions (Chapter 2 provides a more in-depth look at a variety of stage 
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models). The current research efforts closely examine the solution generation phase of 

creative problem solving stage models. The most widely known instantiation of this 

stage is called brainstorming (Osbom, 1957), originally proposed as an effective means 

of enhancing the quantity and quality of solutions generated in a group setting. The 

enhancement effect is based upon the premise that groups can generate more solutions of 

higher quality if the members concentrate on producing whatever ideas occur to them 

while temporarily postponing evaluation of the solutions generated. Members are 

further encouraged to build upon and refine one another's solutions. 

Brainstorming was originally performed with groups that interact verbally, 

however groups that use computer mediated communication (such as Group Support 

Systems) have become very prevalent in the past two decades. As computers become 

ubiquitous in society, they play an increasingly important role in supporting work groups 

within organizations. Utilizing McGrath's (1984) Group Task Circumplex, the present 

study can be categorized as a Type 2 (creativity) task that is cooperative, cognitive (for 

example, see Guilford, 1967), and generative in nature. This emphasis on cognition is 

reinforced by Nagasundaram and Dennis (1993) who propose that GSS supported 

brainstorming (known as electronic brainstorming or EBS) is fundamentally a cognitive, 

not social, phenomenon that employs a human information processing perspective (such 

as that proposed by Newell & Simon, 1972). In essence, Nagasundaram and Dennis 

advocate that a group using EBS is not so much a group as a collection of individuals 

who interact with ideas rather than with other individuals in a social context. The 
9 

general version of the human information processing perspective is an input-process-
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output (IPO) model. This research seeks insights to the center element of the IPO 

model, or the solution generation process in creative problem solving using EBS. In the 

EBS environment, output from the IPO model of one individual is input for this same 

process in another individual. By varying the specific facilitation technique (the input) 

given to each treatment while subjects are engaged in the task and studying the resulting 

impact on the creativity of the solutions generated (the output), the present research 

seeks insight to the creative problem solving process and support for the Cognitive 

Network Model of Creativity presented in the following chapters. 

Amabile (1983) indicates that the identification of a creative thought process must 

ultimately depend on the fruit of that process: the product or response. The Cognitive 

Network Model of Creativity proposes that specific cognitive processes are ultimately 

responsible for conceiving of and producing creative products as opposed to mundane 

products. Perhaps the environment (Press) influences the Person, which subsequently 

influences the Process that creates some particular Product. In this respect, the present 

research stands in direct contrast to Rhodes (1961) who asserts that objective 

investigation into the nature of the creative process can proceed in only one direction— 

from product to person and thence to process and to press. Thus (when viewed in terms 

of Figure 1) the goal of this study is to learn more about the process of creative problem 

solving by studying the Products resulting from that Process. The remaining Person and 

Press perspectives are held constant throughout this study. 

With respect to the above context, a solution is creative to the degree that it solves 

the problem (is feasible) and falls outside the known set of solutions (is novel). The 
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present study employs experts who score solutions for creativity according to a well-

validated holistic evaluation method called the Consensual Assessment Technique 

(Amabile, 1982). Holistic evaluation is a respected and proven technique for assessing 

creativity (Amabile, 1982; Amabile & Gitomer, 1984; Connolly et al., 1990; Durand & 

VanHuss, 1992; MacCrimmon & Wagner, 1994; Runco & Mraz, 1992), whereas other 

authors have identified a multitude of intangible constructs of creativity (Gryskiewicz, 

1980; Jackson & Messick, 1965; MacKinnon, 1962; Rickards, 1992; Torrance, 1974). 

The holistic metric used in the present study is both appropriate and consistent with the 

definition provided above. 

In summary, the present study utilizes a two part approach. First, a Cognitive 

Network Model of Creativity is presented. This model represents a first step toward a 

causal understanding of creative solution production that is grounded in literature drawn 

from the field of cognitive psychology. Second, a facilitation process for creative 

problem solving called directed brainstorming is introduced with the intention of finding 

empirical evidence that lends support to the Cognitive Network Model of Creativity. 

This model is tested using upper division college students majoring in Management 

Information Systems at a large public university; the students participate in a series of 

controlled laboratory experiments. In these experiments, subjects work together in small 

groups supported by the GroupSystems EBS software to generate solutions to 

hypothetical problem scenarios. Resulting levels of creativity are then compared across 

three treatment conditions and a control condition in order to evaluate the model. 
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1.5 Importance, Goals, and Contributions of Research 

While each of the Four P perspectives will no doubt benefit from sustained 

research, the present research efforts focus on creative products and what cognitive 

process leads to those products. This approach views creativity as a property of products 

(operationalized using the consensual assessment technique; Amabile, 1982) and aims to 

shed more light on the cognitive processes involved with the generation of creative 

solutions to problems. If researchers can shed light upon the question "What causes a 

creative solution to occur?" perhaps they may then begin explain why the various 

aspects of the Four P's matter and how they influence creativity. Perhaps continued 

research may also be able to distinguish the causal components of the various creative 

problem solving prescriptions from the superstitious components. This distinction may 

permit greater insight to the creative problem solving process, which may, in turn, 

facilitate more effective generation of creative solutions. The remaining components of 

the Four P's (Person and Press) are not the primary focus during this study and will 

subsequently receive only peripheral treatment. They are not irrelevant to the current 

endeavor; however, as they do link to the issues treated here, as suggested by the 

overlapping nature of these components in Figure 1. 

This research helps to fill a gap that currently exists in the literature and the current 

understanding of how creative solutions to problems are generated. A causal model of 

creative solution generation may allow researchers to explain why the rich set of factors 

embodied in the Four P's affect creativity as they do, and may ultimately enable the 

development of new techniques and technologies that support enhanced creative 
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problem solving activities. It is important to note that the Cognitive Network Model of 

Creativity attempts only to explain the generation of creative solutions to complex 

problems. It does not attempt to explain the origins of creative poetry, creative painting 

or any other type of creative expression that one may encounter. 

1.6 Overview of the Dissertation 

The remainder of this dissertation is organized as follows. Chapter 2 offers a 

review of literature and theories dealing with cognition, creativity, and creative problem 

solving. Together these theories form the groundwork necessary to support the model. 

Chapter 3 presents a Cognitive Network Model of Creativity as one potential causal 

model of creative solution generation. It builds upon foundations provided by cognitive 

psychology to explain one possible mechanism responsible for the production of creative 

solutions during problem solving. Chapter 4 defines the research approach, 

experimental task, and methodology employed to test the model. Research results are 

presented in Chapter 5 with implications of those results discussed in Chapter 6. The 

dissertation concludes with Chapter 7, which summarizes the contributions, limitations, 

and implications of the present study and identifies opportunities for future research. 
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CHAPTER 2 - LITERATURE REVIEW 

Chapter 1 provided an overview of a wide range of literature focusing on four 

different perspectives that have been employed to investigate creativity. Chapter 1 

argued that existing creativity theory does not sufficiently explain the cognitive 

mechanisms that give rise to creative solutions during problem solving exercises. This 

chapter reviews literature that provides a foundation for one potential cognitive model 

that explains what causes creative solutions to emerge while solving problems. This 

model derives from a synthesis of concepts from three bodies of research: I) 

organization of memory and knowledge in the human mind, 2) the role of cognition and 

knowledge in problem solving, and 3) creativity. First, issues of human cognition that 

deal with the representation and organization of memory and retrieval processes from 

memory will be considered. This section is followed by an exploration of literature 

relating to the use of knowledge during problem solving activities. Next, creativity and 

research findings in creative problem solving will be reviewed. Finally, some of the 

limitations of human cognitive capacity will be examined along with a discussion of 

their impact upon the creative problem solving process. Summaries and conclusions 

drawn from these findings are the foundation upon which the Cognitive Network Model 

of Creativity will be developed in Chapter 3. 
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2.1 Definition of Terms 

Before introducing the Cognitive Network Model of Creativity, it may be helpful 

to define for the reader some key terminology. These terms will be used in the ensuing 

discussion concerning the underlying assumptions of the model in the present chapter 

and the subsequent causal explanations of the model that follow in Chapter 3. 

2.1.1 Creative 

In the context of the present study, a solution is considered creative to the degree 

that it is novel and appropriate to an open ended task (Amabile, 1982). 

2.1.2 Problem Solving 

Problem solving is the generation and selection of discretionary actions to bring 

about a desired goal state (Scandura, 1977). This goal state can be as simple as fmding 

the single correct solution for a basic mathematical problem or as complex as 

determining the proper form of artistic expression to represent some inspiration. 

2.1.3 Well-Structured Problems 

Well-structured problems are defined by three primary characteristics according to 

Newell and Simon's (1972) problem space theory. The first characteristic is that the 

knowledge required to solve the problem is present in the problem statement. Second, 

the requirements are unambiguous. That is, the start- and goal-state of the problem are 

clearly defined, as are the rules or set of (finite) legal moves. Finally, there is often only 

a single correct solution (or type of solution) to the given problem. Well-structured 

problems thus provide the clearest measures of success and failure during problem 

solving. 
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2.1.4 Ill-Structured Problems 

Simon (1978) defines ill-structured problems as those that are more complex and 

have less definite criteria for determining when the problem has been solved than do 

well-structured problems. In addition, ill-structured problems do not provide all of the 

information necessary to solve the problem, and have no "legal move generator" that can 

be used to find all of the possible moves at each step. Dl-structured problems contain 

uncertainty about the features, information, procedures, or solutions that are appropriate 

to the problem. Despite this conceptual distinction, however, there is no clear dividing 

line between well-structured and ill-structured problems. 

2.1.5 Knowledge 

Psychologists generally label something as knowledge if it is information that is 

mentally represented in a particular format and structured or organized in some manner 

(Eysenck & Keane, 1990). Knowledge reflects the availability of categorical structures 

or schema for identifying, relating, and understanding information (Rahman & Bisary, 

1986). Specific examples of structure and organization are introduced by definitions 

below. 

2.1.6 Concept 

A concept is a general term that refers to cognitive contents such as abstract 

mental representations of knowledge. Concepts exist at varying levels of abstraction, 

such as the elemental concept boy to the more complex concept rich boy (Medin & 

Smith, 1984; Nelson, 1977). A concept embodies part of the meaning of a term that 

contains relations such as synonyms or antonyms (Wickelgren, 1981). A concept may 
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also represent beliefs or preferences such as the roles played by the concepts rich, boy, 

and spoiled in someone's belief that rich boys are spoiled (Medin & Smith, 1984). 

Concepts may be thought of as the atoms of semantic memory that can be expressed by 

different words or phrases (Wickelgren, 1981). 

2.1.7 Category 

A category is a classificatory term used to refer to some specific aspect of 

conceptual structure. Categorical knowledge is the grouping of concepts into 

hierarchical taxonomies that define superordinate, subordinate, and coordinate relations 

(Nelson, 1977). Thus, categories are based on logical relations between concepts such 

as similarities and differences in attribute stmctures (Nelson, 1977). Categories typically 

consist of collections of single kinds of objects that share some taxonomic link such as 

chairs, televisions, or paintings (Finke, Ward, & Smith, 1992; Higgins & Chaires, 1980). 

Categorization is then the means by which people decide whether or not something 

belongs to a particular concept, for example, deciding if a particular object is an instance 

of the concept boy (Medin &. Smith, 1984). 

2.1.8 Schemata 

Schemata (singular form schema) are higher-order cognitive structures that are 

hypothesized to underlie many aspects of human knowledge and skill. They serve a 

critical role in providing an account of how old knowledge interacts with new 

knowledge in perception, language, thought, and memory (Brewer & Nakamura, 1984). 

Schemata are data structures that represent generalized concepts underlying objects, 

situations, events, sequences of events, actions, and sequences of actions. A schema 
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contains as part of its specification the network of interrelations that is believed to hold 

among the constituents of the concept in question (Rumelhart & Ortony, 1977). 

Schemata specify relations among discrete categories and often cut across standard 

taxonomic boundaries (Finke et al., 1992). Thus, a schema for a living room might 

contain not only chairs, televisions, paintings, and other categories, but also the typical 

relations among them. 

Schemata possess at least four essential characteristics. These are: I) schemata 

have variables; 2) schemata can embed one within the other; 3) schemata represent 

generic concepts which, when take together, vary in their levels of abstraction; and 4) 

schemata represent knowledge rather than definitions (Rumelhart & Ortony, 1977). 

Schemata are employed in the process of interpreting sensory information, in retrieving 

knowledge from memory, in organizing actions, in determining goals and subgoals, in 

allocating resources, and in guiding the flow of processing in the cognitive system 

(Rumelhart, 1984). 

2.1.9 Frame 

A frame is a conceptual data structure that represents knowledge of a situation, 

like being in a certain room or going to a party (Minsky, 1975). A frame is highly 

similar to a schema and can be thought of as a network of nodes and relations. The "top 

levels" of the frame are fixed and represent things that are always true about a situation. 

The "lower levels" consist of slots (or variables) that are filled by specific instances or 

data. Thus, attached to each frame are types of information that pertain to how to use 

the frame, expectations of what is likely to occur next, and what to do if these 
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expectations are not met. Frames may embed within one another and are linked to an 

information retrieval network. In this respect, structures such as these can be considered 

the fundamental elements upon which all information processing depends. 

2.1.10 Semantic Memory 

Semantic memory is often considered to be general knowledge of the world that is 

not specifically time tagged and is the memory necessary for the use of language. It can 

be thought of as a mental thesaurus of organized knowledge a person possesses about 

words and other verbal symbols, their meaning, the relations among them, and about 

rules, formulas, and algorithms for the manipulation of these symbols, concepts, and 

relations (Tulving, 1972). 

By relying on semantic memory, it is possible for a person to know something that 

was not specifically learned. For example, a person may have never learned that March 

follows June in the alphabetical listing of months and yet be able to retrieve this 

knowledge (Tulving, 1972). Information in semantic memory is usually encoded as part 

of a multidimensional structure of concepts and their relations. Semantic organization is 

evident when someone thinks of the word apple: it is typically red in color, is 

approximately round in shape, is a fruit, and is edible. Despite the existence of this 

knowledge, however, the person typically does not recollect the specific instance where 

these facts were first learned (Eysenck & Keane, 1990). 

2.1.11 Episodic Memory 

Episodic memory receives and stores autobiographical information about 

temporally dated episodes or events and the temporal-spatial relations among these 
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events (Tulving, 1972). An event can be stored in the episodic system in terms of its 

perceptible properties or attributes, and it is always stored in terms of its 

autobiographical reference to the already existing contents of the episodic memory store. 

Each experienced event always occurs at a particular spatial location and in a particular 

temporal relation to other events that already have occurred, events occurring 

simultaneously with it, or events that have not yet occurred (Wheeler, Stuss, & Tulving, 

1997). These temporal relations among experienced events are also represented as 

properties of items in the episodic memory system. Information can be retrieved from 

episodic memory only if that information has been entered into the store on an earlier 

occasion. Information in episodic memory is always temporally dated and can only be 

retrieved if its temporal date is accurately specified by the retrieval cue (Tulving «& 

Thomson, 1973). Unlike semantic memory, episodic memory system does not include 

the capabilities of inferential reasoning or generalization (Tulving, 1972). 

2.1.12 Long-Term Memory 

Everything a person knows is assumed to be stored in long-term memory, which 

can potentially contain an unlimited amount of knowledge (Eysenck & Keane, 1990). 

Long-term memory contains memories of past events—episodic memory—and general 

knowledge of the world—semantic memory (Rumelhart, 1980; Tulving, 1972, 1983; 

Wheeler et al., 1997)—as well as information and the rules for processing that 

information when they are not being used (Newell & Simon, 1972). 
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2.1.13 Working Memory 

Working memory is the pool of resources where mental processes are performed 

on information (Eysenck & Keane, 1990). This information is obtained from the 

immediate environment through the five senses (sight, sound, touch, taste, and smell) as 

well as from long-term memory. In this respect, working memory can be thought of as 

the "workspace" for information under active consideration at the moment (Baddeley, 

1990). Working memory is very limited in terms of both the capacity of information 

that may simultaneously be maintained (Miller, 1956), and the duration of time that 

information may persist (Brown, 1958). 

2.1.14 Cognitive Load 

For the purposes of the present study, cognitive load refers to the amount of 

resources in working memory that are currently consumed. When humans are actively 

engaged in processing a great many items in working memory, there are correspondingly 

few resources available and cognitive load will be high. Conversely, in times when 

more resources of working memory are available, cognitive load will be low. 

2.1.15 Chunk 

A chunk is a collection of information ranging from a single letter to an idea 

expressed by a paragraph (Ellis & Hunt, 1993). As information arrives in working 

memory, relationships may be detected among individual items allowing the items to be 

grouped or "chunked" into a single unit (Bellezza & Young, 1989). For example, 

chunking can be used to remember the string of digits 1,4,9, 2, 1,7, 7, 6, as two 
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significant dates from history: 1492 and 1776. In this manner, chunking may help to 

offset the limited capacity of working memory. 

2.1.16 Activation and Saliency 

Activation is the process by which knowledge from long-term memory is 

transferred to working memory (Anderson, 1983). Knowledge that currently occupies 

working memory is thus considered salient. 

2.1.17 Priming 

Activation is not simply a binary state; rather, there exists a gradient of activation 

levels. Contents of long-term memory have pre-specified activation threshold values 

that must be reached before the actual transfer from long-term to working memory 

occurs (Collins & Loftus, 1975). Correspondingly, knowledge that has been only partial 

activation but has not yet reached its activation threshold level is primed. Thus, various 

amounts of activation from different sources may accumulate and when the summation 

of activation reaches the appropriate threshold level, the corresponding knowledge (such 

as a concept, schema, or frame) is transferred to working memory. Because priming 

leads to an accumulation of activation, less subsequent stimulation and therefore less 

time are required for primed knowledge to become salient when certain additional 

stimuli are presented (Collins & Loftus, 1975). Priming thus refers to the improved 

facility for detecting, identifying, or recalling stimuli based on recent experience with 

them (Squire, Knowlton, & Musen, 1993). 
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2.1.18 Spreading Activation 

When any concept receives activation, subsequent activation then spreads to 

related concepts along a decreasing gradient (Collins & Loftus, 1975). These related 

concepts thus become primed and are then potential candidates for saliency themselves. 

The specific level of priming that other concepts receive decreases as a function of time 

since the original activation, or as a function of the number of other concepts to which 

activation has spread (Collins & Loftus, 1975). 

2.1.19 Associative Distance 

Associative distance refers to the length along the shortest path between any two 

concepts, schemata, or frames stored in a knowledge network (adapted from Collins & 

Loftus, 1975, note 3). The greater the number of individual associations (links between 

concepts or frames) that must be traversed, the greater the associative distance that exists 

between those two concepts. 

2.1.20 Associative Relatedness 

Associative relatedness refers to the aggregate of all paths that exist between any 

two concepts, schemata, or frames stored in a knowledge network (adapted from Collins 

& Loftus, 1975, note 3). Thus, the greater the number of associations (links) that exist 

between any two concepts, the greater the associative relatedness of those two concepts. 

In this sense, associative relatedness may be thought of as the similarity of the two 

respective concepts. 



2.2 An Introduction to the Cognitive Network Model of Creativity 

This section offers a brief and high-level view of the Cognitive Network Model of 

Creativity and its foundation. This cursory understanding of the model along with the 

previously defined terms will help provide the reader with the appropriate background 

and context for the remainder of the discussion in this chapter as well as the succeeding 

chapter. A pictorial representation of the model is provided in Figure 3. Research 

relevant to the assertions made in this brief description of the model is presented in the 

following section. The details of the specific causal links (arrows) depicted in the model 

are more thoroughly developed in Chapter 3. 

Cognitive 
Load 

Creative 
Solutions 

Diversity 
of Stimuli 

Quantity of 
Stimuli per 
Unit Time 

Degree of 
Salient Frame 

Chunking 

Likelihood of 
Forming New 
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Figure 3. The Cognitive Network Model of Creativity. 

The Cognitive Network Model of Creativity is based upon the premise that 

knowledge is stored in related bundles of meaning rather than as atomic entities. For 

consistency when discussing the model, these bundles are referred to as frames. When 

multiple frames encode similar or related information, that information becomes a link 

or association between the respective frames. Thus, knowledge is represented as a 

network of linked bundles of meaning and experience. Creative solutions are more 
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likely to occur when frames that were previously not associated with one another in 

context of the given problem become simultaneously salient. Because human cognitive 

resources are limited, only a very small number of frames may be salient at any given 

time. Through spreading activation, salient frames prime, and thus provide ready access 

to, other frames to which they are linked. The more frames a person must manipulate to 

solve a given problem, the higher the cognitive load. High cognitive load decreases the 

potential for creative solutions to emerge. The greater the distance between any two 

frames in the cognitive network, the more cognitive effort is required to simultaneously 

activate them, reducing the potential for creative solutions to emerge. Holding two or 

more frames in working memory simultaneously and repeatedly potentially causes them 

to become chunked into a more complex, more abstract frame that can reduce cognitive 

load and increase the potential for creative solutions to emerge. 

2.3 Cognitive Foundations of Creative Solution Generation 

This section provides a review of literature relevant to the Cognitive Network 

Model of Creativity. This literature is the foundation upon which the model will be 

developed in Chapter 3. 

2.3.1 Knowledge Exists in Bundles 

The Cognitive Network Model of Creativity begins with the assumption that 

human memory is organized into bundles of related knowledge. The most basic of these 

bundles is generally referred to as the concept that comprises semantic knowledge or 

semantic memory. Several models that account for the structure of concepts have been 

proposed such as the classical or defining-attribute view, the defining- and 
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characteristic-attribute view, and prototype view of concepts. Each of these views of 

concepts is briefly introduced below. 

2.3.1.1 The Classical or Defining-Attribute View of Concepts 

The defining-attribute view of a concept proposes that a concept is characterized 

by a set of defining attributes or features. These features may be based upon perception 

(such as size, color, and shape), function (such as mode of locomotion), or abstraction 

(such as honesty and beauty). Knowledge of any concept is then represented by the set 

of all features of that concept (Ellis &. Hunt, 1993). These attributes are both necessary 

and sufficient to determine what is and what is not to be considered a member of that 

particular concept. Collins and Quillian (1969) proposed the Teachable Language 

Comprehender in an effort to develop a computer based storage system for semantic 

knowledge that would allow a computer to answer questions. This model is a 

hierarchical structure in which associations connect related concepts (see Figure 4). The 

hierarchical nature of this model implies the notion of superordinate concepts 

represented at higher levels in the overall organization and subordinate concepts 

represented at lower levels in the organization. For example, while a bird is the 

superordinate concept to canary and ostrich, it is also subordinate to the concept of 

animal. 

One of the primary assumptions in this model is the principle of inheritance. 

Accordingly, subordinate concepts (such as canary) contain all of the attributes of the 

superordinate concept bird, as well as other attributes that distinguish it from other 

subordinate concepts like ostrich. This perspective proposes a mechanism of cognitive 
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economy that reduces redundant storage of attributes. For example, since all animals 

have skin, it is not necessary to store this attribute at any of the subordinate levels such 

as bird, canary, or salmon. In answering the question "does a canary have skin?" the 

knowledge associated with the concept of canary (along with the association to bird) is 

activated. By virtue of its association to the concept bird, the concept animal is also 

activated. By following the associations up the hierarchy and activating frames along 

the way, the attribute has skin is located allowing the response, "Yes, a canary has skin." 

Thus, the principle of inheritance illustrates how facts not directly stored with any 

particular concept can be inferred using knowledge represented by both the concept and 

its associations to other concepts. 

to lay eggs 

Figure 4. Partial hierarchical structure of knowledge (Collins & Quillian, 1969). 
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Evidence supporting this model was obtained by measuring human reaction time 

to verification tasks. In these tasks, subjects were required to respond yes or no to 
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statements such as "a canary is a canary," "a canary is a bird," and "a canary is an 

animal." Predictions made by this model and subsequently validated with human 

subjects indicate that reaction time to verify each statement in the above sequence takes 

increasingly longer amounts of time (Collins & Quillian, 1969). The rationale is that the 

smaller the concept is, the less time is required to verify some instance as a member of 

the concept. Thus, the tradeoff for the proposed cognitive economy is processing time 

during retrieval. According to this model, all attributes of a concept are considered 

equally important to that concept, and all subordinate concepts are equally representative 

of their superordinate concepts. 

Criticisms of this model have focused on the strict hierarchical relationship 

between concepts. Conrad (1972) offered a different interpretation (which has 

subsequently been challenged by Collins & Loftus, 1975) to Collins and Quillian's 

reaction time to property judgments. Rather than assume that differential times reflect 

differences in hierarchical storage, Conrad argued that specific concept properties are 

simply experienced with different frequency. For example, while it may be quite 

common to directly experience the song of a canary, relatively few people have had 

direct experience with the skin of a canary. To test this proposition, Conrad had subjects 

list everything that came to mind when they thought of a canary (as well as other 

concepts), and then arranged the responses according to how many subjects mentioned 

each property. Results indicated that for the concept animal, many subjects responded 

moves but relatively few responded has ears. In other cases, it was demonstrated that is 

pink is more important to defining salmon than has fins, emphasizing the potentially 
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unequal weights assigned to certain attributes. The TLC model is unable to account for 

this difference. 

Another difficulty with TLC is that not all members of a concept are equally 

representative or typical of that concept (Rosch, 1973; Rips, Shoben, & Smith, 1973). 

For example, robin is often considered a better example of a bird than canary, seemingly 

indicating that perhaps some subordinate concepts are more closely related to their 

superordinate concepts than others are, indicating the presence of semantic distance 

between concepts. Thus, there exists evidence that stands in contrast to TLC, which 

treats all subordinates of a superordinate concept as equal. 

2.3.1.2 The Defining- and Characteristic-Attribute View of Concepts 

In contrast to the defining-attribute view of concepts presented above, the 

defining- and characteristic-attribute model of concepts proposes the existence of two 

different types of attributes. These attributes are represented as sets of features that are 

common to the items in a concept. Defining attributes are those that form the core 

definition of the concept as a whole and are shared by all members of that concept. The 

second type of attribute, the characteristic attribute, indicates the typicality of how the 

specific item fits into the category; that is, how representative or typical some new item 

is of that concept as a whole. The meaning of a concept is then represented by the entire 

collection of defining and characteristic attributes. This type of model is sometimes 

referred to as the Feature Comparison Theory (Rips et al. 1973; Smith, Shoben, & Rips, 

1974; Kounios, Montgomery, & Smith, 1994). See Figure 5. 
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overall concept core defining attributes 

periphery characteristic attributes 

Figure 5. The Defining- and Characteristic-Attribute Theory (Smith et al., 1974). 

An example of investigation under this paradigm measures the length of time 

required for subjects to verify certain questions (for example, "Is a robin is a bird?") as 

true or false. The proposed mechanism for completing this task is a two-stage process 

that matches the features of the two concepts (robin and bird). In the first stage, all 

attributes (defining and characteristic) of the two concepts are compared. When there 

are a large number of features in common, the answer "yes" is quickly determined. 

Correspondingly, when relatively few features are common between the two concepts, a 

"no" answer is given. The question "Is a robin a bird?" thus returns true. But, in the 

case "Is an ostrich a bird?" a match on all attributes fails to verify the statement (since 

ostriches cannot fly). The search now proceeds to the second stage, this time seeking 

verification solely along each of the defining attributes. Eventually, this verification 

succeeds but requires a longer period of time (Smith et al., 1974). 

Smith et al. (1974) propose that the number of features shared by any category and 

its superordinate category are predicted by typicality ratings, which refer to how well a 

particular instance represents knowledge of some concept. An example of how these 

ratings are obtained is to ask a subject "On a scale of 1 to 10, how typical is robin of 
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bird?" Smith et al. thus demonstrate that the time required to verify an instance as a 

member of a concept is inversely related to its typicality. 

Despite the ability for this model to account for the attribute saliency effects found 

by Conrad (1972) and the unequal typicality of certain concept members when compared 

with others (Rosch. 1973), various difficulties with this model have emerged. For 

example, there is no objective method of distinguishing between defining and 

characteristic attributes (Medin & Smith, 1984; Eysenck & Keane, 1990). Additionally, 

Loftus (1973) has shown an effect of verification time that is not predicted by feature 

comparison models. When subjects are asked to verify the questions "Is a bird a wren?" 

and "Is a wren a bird?" the reaction times are significantly different. 

Barsalou (1982) has proposed a slightly different feature set model in which 

concepts are determined according to context-dependent and context-independent 

features. Context-independent (CI) properties are activated by a stimulus for some 

concept on all occasions, and is unaffected by contextual relevance. For example, the 

word "skunk" usually makes people think of the property "unpleasant smell." Context-

dependent (CD) properties are activated only by the relevant context in which the 

stimulus appears. As an example of this, the word "basketball" rarely makes people 

think of "floats." The sentence "Chris used X as a life preserver when the boat sank" 

would, however, probably bring "floats" to mind for "basketball" when "X" is 

"basketball" (Barsalou, 1982). In this respect, CI properties form the core meanings of 

concepts. 
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2.3.1.3 The Prototype View of Concepts 

In contrast to the feature set models outlined above, the prototype or probabilistic 

view of concepts proposes that concepts are organized according to a collection of 

characteristic attributes or a best example (prototype) of a concept (Eysenck «& Keane, 

1990). Accordingly, concepts have no delimiting set of necessary and sufficient 

attributes, meaning that category boundaries are more fuzzy or unclear (Rosch & 

Mervis, 1975). For example, consider the categorization of a tomato. Is it a fruit or a 

vegetable? The prototype view indicates that category membership is determined 

according to a typicality gradient used to compare the similarity of an object to the best 

representative (or prototype) of that category (Rosch & Mervis, 1975, Rips & Collins, 

1993). 

A good example of the prototype view of concepts derives from a cross-cultural 

study of color categories performed by Berlin and Kay (1969). This study focused on 

what Berlin and Kay defined as focal and nonfocal colors. Focal colors are those that: 1) 

are expressed as a single morpheme, discounting colors such as sky-blue; 2) whose 

meaning are not included in that of another term, discounting scarlet because it includes 

red; 3) are not restricted to describing a small class of objects such as blond that refers to 

hair; and 4) are frequently used colors like green, as opposed to turquoise. Based upon 

this definition, Berlin and Kay determined that most languages and cultures draw their 

basic color terms from a set of 11. These focal colors are black, white, red, green, 

yellow, blue, brown, purple, pink, orange, and gray. 
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Extending this basic finding pertaining to focal colors, Berlin and Kay (1969) 

prepared a set of over 300 color chips and studied their categorization across 20 different 

cultures. Representatives of these diverse cultures were asked to identify the particular 

color chip that they felt best represented the 11 focal color terms. Their data revealed 

two significant findings. First, there was overwhelming agreement in the identification 

focal colors. That is, when asked for the best example of the color blue, subjects across 

all cultures selected the same color chip from the pool of 300 colors. Second, the 

specific boundary between focal colors was quite fuzzy. For example, although subjects 

were remarkably consistent in identifying the best example of the color blue and the best 

example of the color green, when asked to partition the pool of chips into blue chips and 

green chips, the boundary between these colors varied widely. That is, sometimes the 

same color chip was categorized as green, whereas in other instances that same color 

chips was categorized as blue. Thus, focal colors are determined in terms of their 

resemblance to some best example, or prototype, and category membership is 

substantially more fuzzy, or ill-defined. 

To investigate family resemblance and concepts, Rosch and Mervis (1975) used a 

set of items consisting of six superordinate categories (furniture, vehicle, fruit, weapon, 

vegetable, clothing) and 20 specific nouns from each of the six categories. For example, 

the category furniture consisted of the nouns chair, sofa, table, dresser, desk, etc., while 

the category fruit contained the nouns orange, apple, banana, peach, pear, etc. Subjects 

were randomly given some noun and asked to list all of the attributes of that object that 

they could think of in a fixed amount of time. Twenty different subjects listed the 
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attributes for each noun. For each category, all attributes mentioned by the subjects 

were listed and each item, for which an attribute had been listed, was credited with that 

attribute. Each attribute received a score ranging from 1 to 20 that represented the 

number of items in the category that had been credited with that attribute. In this 

manner, each attribute was weighted according to the number of items in the category 

that contain that attribute. The results indicate that the structure of these categories relies 

not on features common to all members of the category but on a large number of 

attributes true for some, but not all, members of the category. This finding strongly 

suggests that the more an item has attributes in common with other members of the 

category, the more it will be considered a good and representative member of the 

category (Rosch & Mervis, 1975). A follow up experiment indicated the reverse of the 

previous finding: the most prototypical members of categories not only have the greatest 

family resemblance to members of their category, but also have the least number of 

attributes in common with members of other categories (Rosch & Mervis, 1975). The 

authors demonstrate that using these measures of family resemblance within and 

between categories, it is possible to map resemblance scores onto Euclidean space. The 

most typical instances of a single category are located in closest Euclidean proximity to 

one another, while the most typical instances of different categories are located at 

correspondingly farther Euclidean distances from one another. Rips and Collins (1993) 

have also reported similar prototypical effects of categorical structure. 

Criticisms of the prototype view of concepts come mainly from the observation 

that not all concepts have a prototypical structure (Eysenck & Keane, 1990). For 
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example, consider the concepts of "science," "crime," or "work of art." No single 

prototype represents these concepts. 

2.3.1.4 Sunmiary of Concepts 

While differences exist between each of the above structures that are hypothesized 

to account for concepts and categories and the different models each have their 

associated strengths and weaknesses, common to each model is the proposition that 

memory is organized into bundles of related knowledge. Despite some of the individual 

weaknesses presented above, Medin and Smith (1984) present an excellent analysis of 

certain empirical situations in which each of these models is still quite viable. 

The models presented above have posited both networks and sets of features that 

underlie the inherent structure of concepts. Hollan (1975) has demonstrated, however, 

that set-theoretic models can, without loss of explicatory power, be formulated as 

network models, rendering this distinction unnecessary in the understanding of the 

premise that knowledge exists in bundles. In sum, when activated, entire concepts are 

transferred from long-term memory to working memory. Thus, human memory is not 

atomic in nature; rather, knowledge is represented by collections of related entities rather 

than by single units. Indeed, Barsalou and Ross (1987) have demonstrated that 

presenting typical examples of some category tends to activate the entire category. 

2.3.2 Bundles of Knowledge are Highly Associative 

The previous section presented evidence in support of the premise that knowledge 

exists in bundles (referred to as concepts) rather than as atomic units. This section 

discusses the second major premise of the Cognitive Network Model of Creativity: 
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concepts are highly associative in nature. That is, concepts are interconnected with one 

another such that they form vast networks representing knowledge and personal 

experiences (Neisser, 1966). The structure of the Teachable Language Comprehender 

(Figure 4) proposed by Collins and Quillian (1969) has already introduced this notion. 

The feature-set models of memory previously discussed serve primarily to allow 

people to classify and to deal with object concepts (like cats, dogs, and chairs). Human 

knowledge, however, is clearly organized according more sophisticated entities than 

objects alone. There are also relational concepts that indicate how the different objects 

interact with one another through temporal relations (Ellis & Hunt, 1993). Accordingly, 

many different researchers have proposed more complex and abstracted forms of 

memory organization. The prevailing construct used to account for the relational 

structure of knowledge is the schema (plural schemata; Bartlett, 1932; Rumelhart & 

Ortony, 1977) or frame (Minsky, 1975). 

The notion of memory presented by many researchers indicates a distinction 

between incoming sensory information and preexisting knowledge stores in memory and 

that these two must somehow interact (Brewer & Nakamura, 1984; Alba & Hasher, 

1983; Hintzman, 1986). This interaction is generally portrayed by the interpretation of 

sensory information in terms of some coherent framework such as schemata that 

characterize knowledge and experiences (Norman & Bobrow, 1975). The general 

schemata view presented by Norman and Bobrow (1975, see Figure 6) serves to capture 

this relationship. According to this view, cognitive processes are responsible for 

forming meaningful interpretations of the world. 
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Communication and Decision Making 

Memory 
Schemata 

Sensory Information 

Figure 6. Memory schemata from Norman and Bobrow, 1975. 

Norman and Bobrow (1975) assume that automatic processes such as schemata 

operate upon sensory data primarily to extract features from that data. These extracted 

features are then returned to some common data pool. A variety of procedures 

continually examine the data pool and operate on whatever data fit their specifications. 

Some applicable procedure is automatically activated by the arrival of any new data. 
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This type of activation is considered bottom-up or data-driven. Other top-down or 

conceptually driven activation patterns may be invoked when a schema activates another 

schema. In this fashion, schemata may communicate with one another either directly or 

through the data pool. 

Rumelhart (1984) provides a very detailed account of schemata and their 

organization. Accordingly, schemata are packages that represent all types of knowledge 

as well as information about how this knowledge is to be used. A schema is an active 

(as opposed to passive) data structure for representing concepts stored in memory such 

as objects, social situations, events, sequences of events, actions, and sequences of 

actions. As part of its specification, a schema contains a network of interrelations. 

These interrelations are believed to exist among the major components of the concept. 

According to Rumelhart (1984), schemata have six primary constituents that combine to 

make them powerful representations of knowledge in memory: 

I. Schemata have variables that are bound to (or associated with) different 

aspects of the environment on different instantiations of the schema. These 

variables help to identify the various aspects of the current situation according 

to their present values, and when the values of these variables has not yet been 

observed they can be filled with default values (see the following discussion on 

Minsky's frames). A schema along with all of its variable bindings is called an 

instantiated schema. 
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2. Schemata may embed one within another. In this sense, Rumelhart likens a 

schema to a procedure in a computer programming language. Thus, a schema 

may consist of various sub-schemata. 

3. Schemata represent knowledge at all levels of abstraction, from cultural 

ideology to the grammatical structure of a sentence to the particular meaning 

of a word. 

4. Schemata are knowledge. All generic knowledge is embedded in schemata. 

Whereas concepts may be viewed as dictionary entries, schemata represent 

knowledge that is encyclopedic in nature (Rumelhart & Ortony, 1977). 

5. Schemata are active processes that interact with incoming episodic information 

in two ways. First, this interaction may modify the generic knowledge in the 

relevant schema. Second, this interaction may construct a specific instantiated 

memory representation of the event. 

6. Schemata are recognition devices whose processing is aimed at the evaluation 

of their goodness of fit to the data being processed. 

Just as schemata play an active role in perceiving and organizing incoming sensory 

data, their function in remembering is highly analogous. Rumelhart and Ortony (1977) 

suggest that the process of remembering is identical to the process or perceiving, except 

that the data source in remembering derives from memory rather than from the senses. 

In either case, the activation of schemata can occur in the following sequence. Some 

perceptual event occurs at the sensory system that automatically activates certain low-

level schemata. Rumelhart (1984) indicates that these schemata may function as sensory 
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feature detectors. These low-level schemata may subsequently activate certain higher-

level schemata in what Norman and Bobrow (1975) refer to as data-driven (bottom-up) 

processing. The higher-level schemata may then activate some sub-schemata that are 

not already activated through conceptually-driven (top-down) processing (Norman & 

Bobrow, 1975). Since the particular schemata that are activated at the time of 

comprehension depend not only on the input but also the context, different contexts may 

give rise to different patterns of schemata available for comprehension even though the 

input is the same (Rummelhart & Ortony, 1977). 

In 1975, Minsky introduced the cognitive construct of a frame, which is a schema 

that contains knowledge about the structure of a familiar event or situation. A frame can 

be thought of as a data structure that contains nodes and relations. The nodes, or top 

level of the frame, are fixed and represent things that are always true about some 

situation. The relations, or lower level of the frame, are represented by a series of slots 

that can be filled with specific instances or data (see Figure 7). Each slot will only 

accept a particular type of information and slots can be filled with "default" information 

when particular information is not present. Each frame contains information about how 

to use the frame, expectations of what may happen next, and what to do if these 

expectations are not met. Collections of related frames are linked together into frame 

systems. 

By applying the structure of a frame to knowledge about rooms, it is easy to 

provide an account for the following phenomena (Brewer & Nakamura, 1984): a) 

Someone walking into a room without a ceiling will be surprised, b) Someone who had 
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just been in a room might state that they had seen the ceiling when eye movement 

recordings showed that they never looked up high enough to see the ceiling, c) If asked 

to guess what a ceiling is made of, people will be much more likely to guess plaster than 

glass. Indeed, Brewer and Treyens (1981) demonstrated that some people who had been 

in a room with acoustic tile on the ceiling recalled that the room had a plaster ceiling. 

Fixed Node 

Fixed Node 

Fixed Node 

Slot Slot 

Slot Slot 

Slot Slot 

Figure 7. Structure of a frame, adapted from Minsky (1975). 

Although there is currently no absolute method of verifying the existence or 

nonexistence of specific memory structures, experimental evidence that is consistent 

with the proposed structure of schemata has been found. A critical condition for the 

acquisition of new knowledge is the existence of previously acquired relevant 

knowledge or well developed schema. In the absence of this knowledge, memory is 

generally poor. In experiments in which subjects are provided with background 

information that serves as a link between new information and already stored 

information, memory performance for the new information is greatly enhanced 
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(Ausubel, 1960; Royer & Cable, 1975). Chase and Simon (1973) have reported a similar 

fmding in their study of chess players. They found that skilled chess players 

demonstrate superior recall for the positions of chess pieces during a game do than 

novices. Other studies have demonstrated that it is not sufficient merely to possess 

relevant prior knowledge, but that prior knowledge must be activated at the time of 

stimulus presentation. Bransford and Johnson (1972) conducted a series of experiments 

that studied the effects of schema activation. Subjects were presented with short reading 

passages that, without a title, were highly abstract and difficult to understand. In trials 

where either the title was not present, or was presented after the passage was read, recall 

was extremely poor. In contrast, in trials where the title was presented prior to the 

subject being exposed to the passage, recall was significantly superior. 

Difficulties in recall can also be explained by the use of schemata. These 

difficulties are typically the result of abstraction or interpretation when information is 

stored in memory. Abstraction occurs when the meaning but not the form of a message 

is stored. Evidence of abstraction comes from King and Greeno (1974) who 

demonstrate that after a passage is read, subjects take the same amount of time to verify 

information originally presented in a complex linguistic format as they do to verify the 

same information presented in a simplified format. Schweller, Brewer, and Dahl (1976) 

have demonstrated the effects of interpretation when subjects presented with the 

sentence 'The housewife spoke to the manager about the increased meat prices" recall 

the sentence 'The housewife complained to the manager about the increased meat 



75 

prices." Each of these effects is consistent with the existence of schemata, in particular, 

variables or slots that contain default values. 

Overall, these findings seem to require a structure similar to a schema in order to 

be adequately explained. Thus, schemata are useful in explaining a variety of cognitive 

findings. This evidence supports the premise that human memory exists as bundles (or 

concepts) that contain related knowledge and that these bundles are highly associative in 

nature (forming schemata or frames). 

2.3.3 Spreading Activation 

The two previous sections have presented evidence that human memory is 

organized into concepts (bundles) that are highly associative in nature. The present 

section considers the third major premise that underlies the Cognitive Network Model of 

Creativity. This premise states that when any particular concept becomes activated, 

subsequent activation spreads to other concepts that are closely related to the originally 

activated concept. In this manner, spreading activation is closely related to priming. 

The notion of spreading activation has already been suggested by what Norman and 

Bobrow (1975) refer to as top-down or conceptually-driven activation whereby one 

schema activates another schema. 

The spreading activation model proposed by Collins and Loftus (1975) views 

memory as a complex network structure where concepts are connected to one another by 

associations (or links) of different Euclidean lengths. The length of the association is 

inversely related to the strength of the association such that longer links denote weaker 

relationships that take a greater amount of time to traverse, and shorter links denote 
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stronger relationships that take comparably less time to traverse. With this 

understanding, a clear distinction between the terms associative distance and associative 

relatedness may be made with respect to Figure 8. In this case, the associative distance 

(shortest path) between the concepts "house" and "sunrise" consists of four links. 

Similarly, the associative relatedness (or similarity) between the concepts "red" and 

"orange" is quite high because there are several paths of links connecting these two 

concepts. 

house 
fire engme 

oran 

violet,^— 

tulifi 
sunse 

cloud 
unns 

Figure 8. Representation of concept relatedness in memory (Collins & Loftus, 1975). 

Collins and Loftus propose that activation of a given concept spreads to related 

concepts. In this manner, activation of one node activates the next closest node, which 

in turn activates the next closest node to that one. As activation spreads out in this 

fashion, the relative strength of activation for each successive concept decreases. For 

example, consider the activation of the concept red. While thinking about red, activation 

may first spread to the concepts rose, sunset, and apple (among others) because they are 
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strongly related. Subsequent activation may spread to the concepts violet, cloud, or 

cherry since they are closely related to rose, sunset, and apple, respectively. Conversely, 

if the concept cloud is originally activated, activation may be less likely to spread to the 

concept house due to the greater associative distance between these concepts. 

In accord with associative network representations of knowledge, one prominent 

model that accounts for retrieval from memory is associative strength theory. This 

theory predicts that upon presentation of some stimulus, concepts more closely related to 

this stimulus receive a greater level of activation than do concepts less closely related to 

the stimulus. This activation spreads through portions of the associative network by 

activating yet other associations and concepts in the manner described by Collins and 

Loftus (1975) above. It is important to remember that each node in the network requires 

a specific threshold level of activation before it becomes salient (is transferred to 

working memory). Each activated node, therefore, is only a potential candidate for 

saliency (Ellis & Hunt, 1993). Thus, concepts represented by nodes that are only a short 

associative distance from the original point of activation are more likely to exceed their 

activation threshold (and become salient) than nodes located at a greater associative 

distance. Nodes activated to a level that is below their threshold cannot become salient 

until additional activation accumulates that surpasses the respective threshold limits. 

Various models have been developed that explain the method by which specific patterns 

of activation arise. 

Posner and Snyder (1975) proposed that patterns of activation among associated 

concepts involve two components. The first is an automatic spreading activation that is 
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fast acting, occurs without intention or conscious awareness, and does not affect the 

retrieval of information stored in unrelated concepts to which activation has not spread. 

The second component involves a limited-capacity processing mechanism that is slow 

acting, cannot operate without intention and conscious processing, and inhibits the 

retrieval of information stored in semantically unrelated concepts that are not the current 

focus of attention. This model is very similar to one proposed by Schneider and Shiffrin 

(1977). In this model, Schneider and Shiffrin argue for two different processes in 

activation of memory: a controlled process and an automatic process. In the controlled 

process, the extent of activation is subject to the capacity limits of working memory, 

requires attention, and uses flexible activation patterns that can vary in different 

situations. The automatic process is not impacted by any capacity restrictions, does not 

require attention, and uses patterns of activation that are very difficult to change once 

learned. Replications and extensions of spreading activation models performed by Neely 

(1977) have found supporting evidence for these two independent processes. 

Empirical support for spreading activation derives predominantly from priming 

experiments. In the simplest case, evidence of priming is found when people who are 

shown the same stimulus on two separate occasions are faster to identify the stimulus on 

the second occasion due to "residual" activation (Squire et al., 1993). This repetition 

priming effect occurs even when there is no conscious awareness that the stimulus was 

previously presented (Neely, 1991). In a typical priming experiment, a subject is 

presented with two stimuli separated by some discrete time and then asked to make a 

judgment concerning the relationship between the two stimuli. Reaction times are 
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typically faster when the two stimuli are more related than when they are not. For 

example, responses to nurse are typically faster following the stimulus doctor than 

following the stimulus bread. This is because activation would have automatically 

spread from doctor to nurse as a result of the shorter associative distance that activation 

must traverse between doctor and nurse than that which must be traversed between bread 

and nurse (Neely, 1977). 

A different type of support for spreading activation includes work performed by 

Freedman and Loftus (1971), who asked subjects to produce an instance of a category 

that began with a given letter or that was characterized by a given adjective. In different 

trials, the stimulus condition that was given first varied. An example of this is to name a 

fruit that begins with the letter 'A' or a fruit that is 'red.' Using reaction time 

measurements, the primary finding was that subjects were faster when the category 

(fruit) was given first than when the letter (A) or the adjective (red) was given first. 

Collins and Loftus (1975) explain this effect by saying that when "fruit" is presented 

first, activation spreads to nodes connected to fruit such as apple, pear, cherry, and 

orange. These nodes are very highly interconnected with each other; therefore, the total 

activation is spread among a relatively small number of closely linked concepts resulting 

in each one becoming more highly primed. In contrast, if "red" or "A" is presented first, 

the activation spreads to a much wider set of concepts that are not necessarily 

interconnected with one another. Thus, each activated concept receives comparatively 

less priming than before. Because of the higher priming of concepts connected to fruit 

(when fruit is presented first), neighboring concepts in an associative network are 
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already closer to their activation thresholds so they takes less stimulation and less time to 

become salient when the second stimulus is presented. Anderson (1983) refers to this 

inverse relationship between the amount of activation that spreads outward from a 

particular knowledge structure and the number of links that connect to other knowledge 

structures as the fan effect. That is, the more links that radiate from a particular concept 

node to other nodes, the less effectively that node will be able to activate its associated 

nodes. In general, then, the degree to which the first concept primes the second concept 

determines the subject's reaction time for the second concept. 

Also, Meyer and Schvaneveldt (1971) performed a series of studies that indicate 

the time to retrieve information from memory is faster if related information has been 

accessed more recently. Here, subjects were asked to classify strings of letters as either 

words or non-words while reaction time measurements were being recorded. The 

critical finding is that the time required to classify "butter" as a word is faster when 

"butter" is preceded by "bread" than when it is preceded by "nurse." Though a different 

investigative paradigm was employed here, these results are easily explained by the 

spreading activation theory. 

Clearly, spreading activation plays a pivotal role in the ability to retrieve relevant 

knowledge from long-term memory. While a good deal of the evidence in favor of 

spreading activation derives primarily from experiments dealing exclusively with 

semantic memory, it is possible to obtain priming effects with episodic memory that are 

highly similar to those found in semantic memory. 
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In experiments where subjects were presented with a string of letters and 

instructed to decide whether or not the string is a word (a typical task for using semantic 

memory), McKoon and Ratciiff (1979) demonstrated an interaction between this task 

and immediately preceding episodic events. In three critical priming conditions, subjects 

were presented with a pair of words to study and then asked to make judgments of 

whether subsequent target strings formed a word or not. In the first condition, the study 

words were related pre-experimentally (for example, the already semantically related 

pair "green-grass") as well as by the pairing of the study (for example, subjects were 

instructed to remember the pairing of "green-grass" for the task). In the second 

condition, the association between the words was derived only from the pairing of the 

words in the study list only (utilizing only episodic memory). In the final condition, the 

relation between the pair of words was due only to pre-experimental association 

(utilizing only semantic information). The key finding was that the performance benefit 

due to priming in all three cases was equivalent. Thus, in a typical semantically oriented 

task evidence is found that indicates an interaction between episodic and semantic 

memory. Such an interaction is not expected by the assumption that episodic and 

semantic memory systems are independently accessible. 

Tulving (1983) suggests that episodic memory is a subsystem embedded within 

semantic memory and that these two forms of memory interact. For example, in 

answering the episodic question "What did you have for dinner last night?" it is essential 

to invoke the meanings of the words that appear in the question. At a minimum, the 

semantic concepts of dinner and last and night must be activated in order to understand 



the question. The need for semantic activation to answer this question seems to suggest 

that episodic memory may be viewed as the activation of semantic memory (Ellis & 

Hunt, 1990). Indeed, several experiments (McKoon & Ratcliff, 1979) have shown that 

specific manipulations can have the same effect on both semantic and episodic memory, 

indicating a possible point of convergence between the two. Evidence that both episodic 

and semantic information are stored in the same memory system and that the two kinds 

of information are not independently accessible has been presented by a number of 

researchers (Anderson, 1976; Baddeley, 1976; Lindsay & Norman, 1977; Wickelgren, 

1977). 

Spreading activation and priming thus provide powerful explanations of how 

general knowledge of the world and personal experiences are organized into vast 

networks of concepts that are highly associative in nature. When one concept becomes 

activated by some external stimulus, residual activation spreads to other concepts 

contained in the knowledge network to which the original concept is linked. When this 

activation reaches some pre-specified threshold level, the corresponding concept then 

becomes salient. It is also entirely conceivable that the principles of spreading activation 

and priming apply to schemata and frames just as they do to concepts. As indicated 

previously, schemata represent the generalized concepts underlying objects, situations, 

and events (Rumelhart & Ortony, 1977), contain the network of interrelations that exist 

among the constituents of concepts (Rumelhart & Ortony, 1977), and specify relations 

that cut across standard taxonomic boundaries (Finke et al., 1992). Minsky (1975) uses 
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the term frame system to refer to collections of related frames that are linked together to 

form a network structure. 

Together, the Ondings presented in this and the previous two sections draw upon 

the vast body of research concerning the organization of memory and knowledge. These 

findings represent a major part of the foundation for the Cognitive Network Model of 

Creativity. In the following sections, research dealing with problem solving, creativity, 

and factors that limit the human ability for creative problem solving is considered. 

2.3.4 Facilitation and Problem Solving 

This section presents evidence demonstrating that, in general, people are very poor 

at solving problems without some form of assistance or facilitation. Recall from Chapter 

I the evidence demonstrating that while subjects are engaged in problem solving, they 

routinely overlook between seventy and eighty percent of the potential solution space 

and are even unaware that they are doing so (Connolly et al., 1993; Gettys et al., 1987). 

By applying the principles of spreading activation, it is relatively straightforward to 

account for these findings. Suppose, for example, that as people begin to solve a 

problem, some stimulus from the problem activates a relevant area of knowledge that 

acts as a starting point for search in memory. According to the principles of spreading 

activation, two courses of action may result, each leading to the same conclusion— 

failing to solve the problem. First, the problem solver may automatically activate areas 

of knowledge that are strongly associated to past problem solving experiences. These 

areas of knowledge may, in turn, automatically activate other strongly associated 

instances of problem solving. By following these strong associations, it is possible that 
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either no past event will be found that matches the current situation, or that the problem 

solver may attempt to reapply some solution from an entirely different problem. In 

either case, following automatically activated strong associations may lead to the "stuck 

in a rut" syndrome where the problem solver is unable to successfully resolve the current 

problem. A second course of action, in contrast to the first, may rely upon traversing 

weaker associations to search memory for relevant knowledge. In this event, it is likely 

that activation may spread too thinly across many concepts and problem related frames 

such that the requisite threshold activation levels for the corresponding frames are not 

reached. The result of this course of action leaves the problem solver "drawing a blank" 

and again unable to solve the problem. In either case, additional context-relevant stimuli 

may be provided by an external source (such as a facilitator who provides cues or hints) 

that help the problem solver activate frames which may not lie in the direct line of 

spreading activation, thereby avoiding the experience of being "stuck in a rut." The 

Cognitive Network Model of Creativity posits that facilitation is a vital component of 

generating creative solutions to problems. 

People face and solve problems every day. Problems vary in complexity from the 

very simple (such as choosing a musical selection for listening) to the extremely 

complex (such as choosing a life-long career path). Much of the research in psychology 

focuses on problems of intermediate complexity. Although the task and solution are 

fairly well structured for this type of problem, an immediate solution is not clear (Ellis & 

Hunt, 1993). The current section presents research that has been performed in the area 

of problem solving and examines circumstances under which problem solvers can 
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become stuck in a rut. Following this, circumstances in which solutions from one 

problem may be transferred to an analogous problem are explored. This section is then 

concluded by examining the need for facilitation in order for solution transfer to occur. 

2.3.4.1 Functional Fixedness: Becoming Stuck in a Rut 

Early behaviorist work approached problem solving as the result of trial and error 

efforts, or that problem solving was simply the reproduction of previous experiences. In 

contrast to this, Gestalt logic is defined as both a productive and a reproductive activity 

(Eysenck & Keane, 1990, Kaffka, 1935; Kohler, 1929). Productive thinking is the result 

of some mental reorganization of important problem elements, whereas reproductive 

thinking is the simple application of prior learning in more or less rote fashion 

(Wertheimer, 1959). Early Gestalt psychologists such as Wertheimer (1945) viewed 

creativity as a process suggesting that insight and productive thinking arise when the 

thinker grasps the essential features of a problem and their relationship to a final 

solution. Thus, productive thinking is essential for creativity. 

According to Gestalt psychologists, the Necker cube presented in Figure 9 can be 

restructured such that it is perceived in different ways. For example, sometimes the "X" 

app>ears at the front of the figure, while other times it appears at the back of the figure. 

Thus, in Gestalt problem solving an individual could gain some insight to the structure 

of a problem and then restructure it in order to solve it. 

In general, principles of Gestalt problem solving include the following: 

• Problem solving is both reproductive and productive. 
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• Reproductive problem solving involves the re-use of previous experience, 

which under certain circumstances can impede successful problem solving. 

• Productive problem solving is characterized by insight to the problem structure 

and by productive restructure of the problem. 

• Insight often occurs suddenly and is often accompanied by the "aha!" 

experience. 

Figure 9. An example of a Necker Cube. 

As an example of how reproductive problem solving (drawing from past 

experience) can place limitations on one's ability to solve certain types of problems, 

consider Dunker's (1945) classic candle-box problem. In this task, a subject is given a 

box containing tacks, some matches, and a candle. The subject is then instructed to 

mount the candle on the wall so that it bums properly (stands upright and does not drip 

wax). The desired solution is to tack the box to the wall and place the candle in the box. 

When the subject sees the box merely as a container for the tacks, however, the task 

becomes substantially more difficult to solve. This effect is often referred to as 

functional fixedness as the function of the box is experimentally manipulated as either "a 
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box of tacks" or "some tacks and a box." Presenting "a box of tacks" has the effect of 

fixing or limiting the function of the box during the ensuing task. 

The process of restructuring the problem as a result of new insight is illustrated in 

Maier's (1931) classic "two string pendulum" problem. In this problem, the subject is 

brought into a room where there are two stings suspended from the ceiling and given the 

task of tying the two dangling ends together. The difficulty occurs when, while holding 

one string, the subject is unable to reach the other string. Other objects available in the 

room (presumably for use with the task) are poles, pliers, and extension cords. The most 

insightful solution is to tie the pliers to the first string and swing it like a pendulum so 

that the first string can be caught on the upswing while holding the second string. 

Problem restructuring is said to occur when, after getting subjects to point out where 

they are stuck, the experimenter "accidentally" brushes against one of the strings and 

starts it swaying back and forth. Although unable to report the experimenter actually 

brushing against the string, most subjects produced this solution shortly after receiving 

this covert hint. 

A slightly different variety of the pendulum problem illustrating functional 

fixedness by Birch and Rabinowitz (1951) presents subjects with the two ropes 

suspended from the ceiling and a collection of electrical components, such as a switch 

and relay. In one treatment condition, subjects first used the switch to complete an 

electrical circuit; in the second, subjects used the relay to complete an electrical circuit. 

In the third treatment condition, there was no pre-task use of either the switch or the 

relay. Findings indicate that 17 of the 19 subjects who had initially been trained to 
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complete an electrical circuit with the relay predominantly used the switch as a 

pendulum. A similar number of subjects who had been trained to complete the electrical 

circuit with the switch predominantly used the relay as the pendulum. Interestingly, 

when asked about the reason for their choice of a pendulum weight, many subjects 

became defensive about their choice, remarking, "Anyone can see that this one is better 

as a pendulum weight." 

While these experiments clearly illustrate how subjects can easily become 

"locked" into patterns of using available resources to solve problems (or more 

appropriately fail to use available resources to solve problems), Gestalt principles of 

problem solving have drawn criticism primarily due to their inability to explain the 

processes of insight and problem restructuring (Eysenck & Keane, 1990). Although the 

notions of insight and restructuring may be easy to understand on a conceptual level, 

Gestalt psychologists have been unable to isolate conditions under which problem 

solving is most likely to occur. 

2.3.4.2 Transfer of Solution Schemata in Problem Solving 

In addition to Gestalt problem solving and functional fixedness, a great deal of 

research has investigated conditions under which solutions from one problem may be 

transferred to another problem with an analogous structure. This discussion summarizes 

examples of this research and integrates several findings concerning solution schemata. 

Reed, Ernest, and Baneiji (1974) performed a series of three experiments in which 

transfer between two well-structured problems was manipulated in different ways. It is 

important to note that the structure of these two problems (maps of the problem space of 
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legal moves) is highly similar (isomorphic). The primary difference between the two 

problems is that the solution to the first problem is more complex than the solution to the 

second problem. In this respect, the less complex problem may be considered a subset 

of the more complex (or superset) problem. Evidence of transfer between successive 

problems (for example, transferring the solution from the superset problem to the subset 

problem) is indicated when the subject exhibits reduced time or a fewer number of 

moves to solve the subset problem when compared to the superset problem. Results 

indicate that solution transfer does indeed occur, but only after multiple repetitions of the 

same problem and only from a superset problem to a subset problem. There was, 

however, no evidence of transfer from a subset problem to a superset problem, indicating 

a unidirectional advantage. Interestingly, subjects often needed to be overtly coached 

about the relationship between the different problems before significant transfer would 

take place. 

Gick and Holyoak (1983) studied analogical transfer in well-structured problem 

solving exercises. They investigated the use of analogs and schemata (where schemata 

are derived from similarities among multiple problem analogs) in problem solving and 

studied the percentage of subjects who are able to complete a given test problem. 

During the experiment, subjects were exposed to a specific problem along with its 

solution and then asked to solve a similar (analogous) problem. The first problem is 

typically an example of a convergence problem (Dunker, 1945); for example, how can a 

doctor provide to a cancerous area a dose of radiation therapy sufficient to kill the cancer 

but not the surrounding health tissue? The solution lies in converging multiple low level 
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doses of radiation simultaneously from different sources such that the intersection of the 

doses is lethal only to the target area (the cancer) but not to the tissue in the paths of the 

individual lower level sources. Subjects are given this first problem under the guise of 

an unrelated task and then asked to solve another convergence-type problem (a 

simultaneous, multi-prong military attack upon a city). Results showed no evidence of 

transfer when subjects received a only single analog prior to solving the target problem, 

even when key features of the analog were highlighted for the subjects. When multiple 

analogs were provided to the subjects along with instructions that encouraged the 

formation of a problem solving schema (a mapping between the two analogs), however, 

a significant transfer effect was indeed present, although it sometimes was necessary to 

provide hints to the subjects. This transfer occurred even in cases where the two 

preceding analogs had different structures from one another. The implications for 

priming of memory (and the spreading of activation) with a source problem (a retrieval 

cue) prior to engaging in solving the target problem seem to be quite beneficial. 

Holyoak and Koh (1987) took a different approach to analogical transfer during 

problem solving. Prior to asking subject to solve an analogous problem, Holyoak and 

Koh provided them with written examples of problems along with their solutions. By 

studying the percentage of subjects able to reach a solution for the target problem (some 

convergence problem variant), they discovered an interesting set of results. Surface 

features of the problem (specific objects and terms mentioned in the problem statement 

and the exact wording of the question) help subjects to select the proper analog to apply 

in the given situation. On the other hand, structural features of the problem (abstract. 
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solution relevant features and constraints for the problem) help the subjects actually 

apply an analog once it has been selected from memory. In their concluding discussion, 

the authors implicate a memory retrieval mechanism based upon the summation of 

activation from multiple shared features that serve as retrieval cues. This notion is 

strikingly similar to the threshold required for firing resulting from the intersection of 

spreading activation in semantic memory discussed by Collins and Loftus (1975). 

Despite the above findings. Spencer and Weisberg (1986) found evidence that 

merely possessing relevant problem solving schemata is not sufficient to produce 

solution transfer in all cases. Cues derived from the specific context of the problem 

were also necessary before solution transfer can occur. For situations in which problems 

were presented in different contexts, direct prompts or hints from the investigator were 

necessary before transfer would occur. Conversely, for situations in which successive 

problems were presented in similar contexts, facilitator intervention was not necessary 

for solution transfer to occur. To account for these findings. Stein, Way, Benningfield, 

and Hedgecough (1986) proposed a two-stage process of analogical problem solving. 

The first stage allowed for spontaneous access to relevant information from memory and 

the second stage facilitated the appropriate application of that information to the current 

problem domain. This two-stage process derived from experiments that manipulated 

problem structure and context during a series of spontaneous transfer tasks. Results 

indicated that problems sharing similar structure presented from a relevant context 

facilitated the greatest transfer, while problems with dissimilar structure that are 

presented from an irrelevant context exhibited the lowest degree of solution transfer. 
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Across these studies, different patterns of retrieval from memory that are 

consistent with a spreading activation model begin to emerge. First, there seem to be 

two problem characteristics that influence the ability to arrive at an appropriate solution: 

surface features and structural features. These features can be extracted and used to 

match current problem solving efforts to solution schemata already in memory. This 

matching is based upon similarities and dissimilarities of schema variables to previous 

problem solving experiences. When multiple instances (as few as two or three) of 

problems with similar features are encountered, new problem solving schemata may 

result (Gick & Holyoak, 1983). 

Second, certain features of current problems lead the problem solver to bring prior 

knowledge to bear on a new circumstance. These features may activate past problem 

schemata according to principles of spreading activation. These schemata are either 

newly created as a result of the experimental manipulation or the schemata already exist 

from prior problem solving experience. Since schemata for specific problem types may 

share certain variables, whether they are surface or structural features, it stands to reason 

that they may be strongly associated with one another in memory due to their 

relatedness. If a specific problem feature is first primed by some source problem, 

retrieval of an appropriate schema from memory should be facilitated when similar 

features of a target problem subsequently receive activation. This intersection of 

activation between the source and target would then be evaluated within the context of 

the current problem solving domain, potentially allowing transfer to occur between 

different problems based upon spreading activation patterns. This is best illustrated in 
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the work of Gick & Holyoak (1983). The formation and storage of schemata derived 

from multiple instances of prior problem experience lead to increased ability to solve 

subsequent problems. This ability relies upon not only storing solution relevant 

knowledge in memory, but also priming of certain memory areas to facilitate speeded 

recall and greater transfer of problem solving skills. 

Spreading activation in memory is thus very closely related to problem solving. 

As described above, finding an intersection between a known problem (or problem sub

component) and a possible solution schema can be evaluated by tracing each activation 

pattern back to its origin and examining whether or not the solution schema matches the 

criteria of the current problem. Memory search is then guided by certain retrieval cues. 

Presumably, any aspect of some novel problem could potentially activate other schemata 

that are relevant along some dimension of the problem. These types of links can 

potentially lead to the activation of knowledge that is closely related to the target 

domain, and thus facilitate enhanced problem solving performance. 

2.3.4.3 The Need for Facilitation 

While spreading activation may indeed underlie the ability to solve problems, 

there is substantial evidence that spreading activation alone is not sufficient to allow this 

to happen. Insights to this premise derive from examining patterns of transfer failures in 

problem solving exercises. 

Weisberg, DiCamillo, and Phillips (1978) replicated and extended Dunker's 

(1945) candle-box problem by providing subjects with 9 paired associates (for example, 

the words candle-box) prior to their problem solving task. Results indicated that 
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subjects used these associates (representing prior knowledge) to solve the current 

problem only if they were instructed that the paired associates were helpful. Perfetto, 

Bansford, and Franks (1983) replicated this finding in a series of four experiments which 

illustrated that subjects do not spontaneously use previously acquired information to 

solve problems unless they are explicitly informed of the relationship between the initial 

acquisition and the later problem solving exercise. Similarly, in the experiments 

discussed in the previous section, subjects often needed to be covertly coached and even 

overtly instructed about the similarities between source and target problems before 

transfer would occur (Reed et al., 1974; Gick & Holyoak, 1983; Spencer & Weisberg, 

1986). 

According to spreading activation, this pattern of failures in problem solving 

transfer relates to threshold limits of schema activation, and more specifically, to the 

summation mechanism of spreading activation required to reach the specific threshold 

activation level. In all cases of transfer failure, the subjects may not have had sufficient 

exposure to source problems or concepts to allow an intersection of spreading activation 

between the source and target domains to activate an appropriate schema containing the 

necessary insight to the particular problem. Thus, when activation is spread too widely 

and threshold limits required to activate relevant schemata are not reached, transfer is 

very unlikely to occur. One way to offset this difficulty with problem solving transfer 

has been highlighted by Adams, et al. (1988). In their experiments, subjects were able to 

solve a target problem after first experiencing an acquisition problem, but only if both 

instances were presented and processed in a similar fashion (for example, in a problem-
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oriented fashion) by the subjects. The benefits resulting from facilitation receive further 

support when considered in light of the encoding specificity principle proposed by 

Tulving and Thomson (1973). 

Research in episodic memory has often focused on the determination of what 

makes some stimuli effective cues for retrieval of a given event and others not. Through 

a series of experiments, Tulving and Thomson (1973) presented evidence for an 

encoding specificity principle. According to this principle, what is perceived and how it 

is encoded determine what is stored in episodic memory. What is stored determines 

what retrieval cues are effective in providing access to what is stored. Evidence for 

encoding specificity drives from experiments in which subjects are induced to encode 

(remember) pairs of words with respect to, or in the context of, one another. Subjects 

were presented with a list of related pairs of words to encode and then given subsequent 

recall tasks. During the presentation of the list of paired words, the first word in the pair 

was weakly related to the second (or target) word in the pair. For instance, weakly 

related 'cue-TARGET' combinations were ground-COLD, bath-NEED, and cheese-

GREEN. There were two subsequent recall conditions. In the first condition, subjects 

were given strongly related cues, such as hot (target COLJD), want (target NEED), and 

grass (target GREEN) and asked to "free associate" to recall and write down the list of 

target words. In the second recall condition, subjects were presented the same weakly 

related cues (ground, bath, and cheese) and asked to write down the list of target words. 

Results demonstrated that recall of target words when cued with weakly related words 

used during encoding (ground-COLD, bath-NEED, and cheese-GREEN) was 
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significantly higher than recall of those same target words when cued by strongly related 

cues (such as hot-COLD, want-NEED, and grass-GREEN). While acknowledging that 

their terms are ill-defined, Tulving and Thomson refer to the conditions determining the 

encoding of a perceived item as its cognitive environment and view the encoding 

operation as an interaction between the perceptual input and its cognitive environment. 

This result is similar to other experiments that demonstrate encoding and retrieval 

conditions interact in the sense that an effective retrieval cue in one situation may or may 

not be effective in another (Earhard, 1969; Thomson, 1972). This may explain the 

solution transfer effects found by Adams et al. (1988) that require source and target 

problems to be presented and processed in a similar fashion by the subjects. 

The demonstrated need for intervention or facilitation while solving problems is 

not limited solely to well-structured type of problems presented above. Recall the 

findings from Gettys et al. (1987) in which subjects who were presented with different 

ill-structured problem solving tasks were unable to generate up to eighty percent of the 

total known solution space. The research presented above used spreading activation to 

explain how problem solvers can become stuck in a rut or fail to use relevant experience 

to solve a new problem. A very robust finding across each of these studies indicates that 

some level of external intervention is necessary in order for human subjects to solve 

well-structured problems. Thus, it stands to reason that ill-structured problem solving, 

due to the greater complexity and increased uncertainty involved when compared to 

well-structured problem solving, can benefit from external interventions provided by a 



97 

facilitator. In the absence of such facilitation, it appears that humans are remarkably 

poor problem solvers. 

23.5 Juxtaposition of Disparate Frames and Creativity 

The next premise for the Cognitive Network Model of Creativity posits that the 

generation of creative solutions to problems is facilitated by the application of diverse 

knowledge structures not commonly associated with one other in the context of the 

current problem (MacKinnon, 1962; Mednick, 1962; Mumford & Gustafson, 1988; 

Mobley, Doares, & Mumford, 1992). 

A well known cognitive approach to creativity was provided by Mednick in his 

1962 paper "The Associative Basis of the Creative Process." In this paper, Mednick 

indicated that he was seeking an explanation of the creative process that was domain 

independent. Mednick described the creative process as "the forming of associative 

elements into new combinations which either meet specified requirements or are in some 

way useful. The more mutually distant the elements of the new combination are, the 

more creative the process or solution" (p22l). Correspondingly, any condition that 

increases the likelihood of bringing together associative elements needed for a creative 

solution will also increase the probability of that creative solution being discovered. 

Three primary ways to achieve a creative solution are introduced: serendipity, similarity, 

and mediation. Serendipity, or accidental discovery, is often credited with the discovery 

of penicillin and the X-ray. To illustrate serendipity, Mednick recounted a story of a 

physicist who regularly devoted time to draw random pairs of facts from a fishbowl and 

then looked for new and useful combinations. The second method, similarity, relates 
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primarily to artistic endeavors such as poetry, painting, and music as it advocates 

similarity in structure and rhythm of words. Here, requisite elements may be evoked in 

contiguity as a result of the similarity of the stimuli that activated these elements. 

Finally, mediation involves bringing two or more disparate ideas together and seeks 

another idea that ties them all together. For example, when given the words Swiss, blue, 

and, and cottage, one mediating idea is cheese. To test for this ability to mediate 

disparate ideas, Mednick developed the Remote Associations Test (RAT). Some 

researchers have highlighted difficulties with the Remote Associations Test (Mednick &. 

Mednick, 1964) and its ability to measure the process of mediation (Andrews, 1967; 

Davis «& Belcher, 1971; Hood & Ginsburg, 1969). Despite these objections, other 

researchers have advocated that the theoretical associative position expressed by 

Mednick's theory was not well operationalized by RAT and that the associative process 

itself remains quite important to creativity (Hood & Ginsburg, 1969; Ocshe 8l van Lill, 

1990). 

In an oft-cited essay, Campbell (1960) argues that the process of creativity is based 

upon selective retention of ideas generated by "blind" (or accidental) variation. By 

using the term blind, he suggests that the products resulting from the creative process 

have three primary traits. First, the products are independent of the immediate 

environment in which they occur. Second, a correct solution is no more likely to occur 

to emerge at one point in a series of trials than another is. Finally, the variation from one 

trial to its subsequent trial is random; that is, any subsequent trial should not be viewed 

as a "corrected" attempt of a previously failed trial. In this manner, Campbell invokes 
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an evolutionary metaphor of creativity based upon random mutations that have allowed 

certain species to survive over time or the trial-and-error learning methods displayed by 

some animals. 

The creative process, however, is not simply limited to random combinations of 

elements. Sternberg (1998) has argued that the creative process cannot be modeled by a 

so-called "blind variation" that is often the foundation for computer based artificial 

intelligence programs designed to simulate the creative process. In problem solving, 

humans do not blindly try hundreds or even thousands of mutations for every one that 

succeeds; the requisite time requirements are simply too great. In particular, a blind 

mechanism is unable to account for individuals who are repeatedly creative. Rather, any 

cognitive mechanism that is a part of the creative process must necessarily be "sighted." 

Stemberg (1998) divides cognitive processing involved with creativity into three groups: 

selective encoding, selective combination, and selective comparison. Selective encoding 

is based upon knowledge of reward patterns for ideas of the past and present. Selective 

combination involves knowledge of how elements of previously successful and 

unsuccessful ideas may be combined. Finally, selective comparison represents the 

ability to know what is new and what is old in the ideas to be proposed, and the 

knowledge of how to present old and new items in a manner that other people are able to 

surpass their previous ways of thinking. The basic premise underlying each of these 

groups of processing is that different types of knowledge are intimately involved at each 

step. Thus, creativity is not the result of a simple random (blind) combination of 
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elements; rather, it is the result of effortful application of knowledge and experience to 

the domain of interest. 

Empirical evidence supporting the premise that creativity results from the 

juxtaposition of disparate frames derives from several recent sources. Compared with 

other topics in this chapter, however, research dealing with juxtaposition and creativity 

has taken place only more recently. Thus, a great quantity of laboratory investigation 

does not yet exist. Existing empirical work dealing with this topic is presented below. 

Rothenberg (1986) conducted an experiment in homospatial thinking using young 

artists as subjects. Homospatial thinking is defined as "actively conceiving two or more 

discrete entities occupying the same space, a conception leading to the articulation of 

new identities" (p 371). In this study, a pool of artists was randomly divided into two 

groups that each received a different experimental treatment. Subjects in each treatment 

were shown a series of three superimposed or three composite-combined visual images 

intended to stimulate artistic ideas. Superimposed images were created by 

photographing two different slides that were projected on a screen such that the slides 

completely overlapped. Composite-combined images were created from the same 

images used to create the superimposed slides by cutting out the major figural element 

from a print of one picture and transposing it onto the paired picture print so that it 

served as a foreground with the remainder of the second picture as background. The 

artists were then instructed to produce several sketches that were independent entities, so 

that a sophisticated viewer could view and appreciate them without knowing the 

circumstances of their creation. Results demonstrated that drawings produced by 
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individuals in the superimposed condition received significantly higher creativity ratings 

by judges than drawings produced in the combined-composite condition. Subjective 

assessments made by the subjects indicated no difference in the degree of ambiguity or 

interest of the stimuli between the two conditions. These results indicate that complex 

bringing together of visual elements, rather than additive combining in a figure-ground 

configuration, leads to products of greater creativity. These results replicate and extend 

earlier results obtained by Rothenberg and Sobel (1980) in which superimposed images 

used as stimuli resulted in greater creativity than did stimuli containing the same two 

images presented side by side. 

Evidence of the influence of combining disparate items in creativity also comes 

from a series of experiments conducted by Mobley et al. (1992). Subjects were 

presented with multiple examples selected from different pre-existing categories such as 

animals or sports and then asked to perform three tasks. The first task was to combine 

these categories to generate a new category. Second, subjects were instructed to provide 

several examples of elements contained in this new category. Finally, subjects wrote a 

story involving elements form this category. Creativity was determined by multiplying 

originality and quality scores assigned by independent judges to the products resulting 

from each of the three tasks. Results indicated that when the categories to be combined 

were more diverse, the originality component of creativity for the three tasks was scored 

significantly higher than when the combined categories were less diverse. 

Koestler (1964) proposes that creativity results from the association (indicated by 

the 'L' in Figure 10) of two internally consistent but habitually incompatible frames of 
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reference (indicated by Ml and M2 in Figure 10). In this manner, creativity results from 

behavior that is both unexpected and perfectly logical—but uses a form of logic that is 

not usually applied to the situation at hand. Thus, the event L, where the two frames 

intersect, is made to "vibrate simultaneously on two different wavelengths" (p. 35). 

While this unusual situation lasts, L is not linked to one associative context, but to two. 

Koestler uses the term "bisociation" in order to distinguish between routine thinking, 

which takes place on a single plane, and the creative process that operates on more than 

one plane. The more unlikely or "farfetched" the mediating plane M2 is (the more 

independent from Ml), the more unexpected and impressive the achievement. 

Figure 10. Intersection of consistent, yet incompatible frames (Koestler, 1964). 

Koesteler (1964) provides support for this process of "bisociation" in a study of 

eminent achievement among artists, writers, physical scientists, and social scientists. In 

this study, the subjects indicate that new ideas or new understandings often derive from 

the spontaneous fusion of two or more schemata. 

Owens (1969) also supports the view that creativity results from new combinations 

of existing elements, since, for example, in the field of mechanical engineering the 

Ml 
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supply of tools and principles is quite limited. In this study, a test designed to measure 

skill in combining and reorganizing parts and principles was found to predict patent 

awards and judgments of creativity provided by supervisors. 

Thus, evidence from both historical analysis and from laboratory experimentation 

supports the premise that creativity emerges when two or more areas of knowledge not 

typically associated with one another are brought together in the context of some new 

domain. This is perhaps the most operationally important portion of the foundation for 

the Cognitive Network Model of Creativity. This all important combination process is 

subject to several constraints that are discussed below. 

2.3.6 Cognitive Resources and Creative Problem Solving 

The previous section presented evidence supporting the argument that creativity 

across various domains emerges from the juxtaposition of two or more concepts, 

schemata, or frames from disparate areas of knowledge in the context of some new 

situation. The current section argues the final premise that completes the foundation for 

the Cognitive Network Model of Creativity. Specifically, the ability to combine distant 

frames is subject to the inherent constraints of cognitive resources. Thus, when 

significant portions of cognitive resources are consumed, the resulting potential for 

creativity is greatly reduced. 

Newell and Simon (1972) propose that human problem solving abilities are 

represented by several mechanisms common from person to person. Each of these 

mechanisms has constraints on overall processing capacity and its corresponding rate of 
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processing. The general characteristics of the human information processing system are 

as follows: 

• Human information processing systems contain a working memory that is able 

to hold between five and nine symbols of information (Miller, 1956). 

Information stored here lasts only seconds if it is not rehearsed or repeated. 

• Human information processing systems also contain a long-term memory that 

stores symbols in vast associative networks. This type of memory has virtually 

unlimited storage capacity. 

• Symbols represent chunks of information and are the basic unit of information 

that can vary in size or complexity from a single letter of the alphabet to a 

sentence, or an entire concept (Miller, 1956). Symbols must be transferred 

from long term memory to working memory before they can be used. Symbols 

are treated identically by working memory and long term memory. 

• An external memory may help to extend the capacity of working memory. 

Together, these characteristics integrate a range of empirical findings concerning 

models of memory and knowledge and form an overarching framework that specifies the 

limitations on human problem solving capabilities. This framework, portions of which 

are elaborated below, has been fundamental to the development of computer-based 

techniques and languages used for problem solving. 

Working memory can be thought of as the "workspace" for information and 

knowledge under active consideration at the moment (Baddeley, 1990). This 

information is obtained from the immediate environment through the five senses (sight. 
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sound, touch, taste, and smell) as well as from long-term memory. The processing 

resources of working memory are finite and subject to two major types of constraints: 

capacity and persistence. Subject to these constraints (discussed below), processing 

resources may be simultaneously deployed across multiple tasks such that an increase in 

the resources consumed by one task produces a corresponding decrease in the resources 

available for the remaining tasks (Norman & Bobrow, 1975). 

First, consider the capacity of working memory as determined by performance of 

subjects on an immediate memory span task. Immediate memory span is measured by 

presenting a list of items, digits, or words to a subject and measuring how many items 

can be immediately recalled in their correct order following their presentation. Results 

indicate that most subjects can correctly remember between five and nine items, with an 

average of seven. Thus, the maximum number of items that may be held in working 

memory at any given time is generally considered to range from five to nine (Miller, 

1956). It is important to note that this limitation pertains more to the number of items 

than to the overall amount of information that may occupy working memory at any 

given time. To better understand this distinction, consider the following sequence of 

digits: I, 7, 7, 6, 1,4,9, 2, 1,9, 1,8, 1, 9,4, and 1. Simply trying to remember this exact 

sequence will prove difficult for many people, and there is little doubt that errors will be 

made while recalling this sequence of 16 digits. If these digits are grouped or chunked 

into larger units consisting of 4 digits each, however, recall becomes trivial. The 

sequence is now easily remembered as the four important dates 1776, 1492, 1918, and 

1941 (Lachman, Lachman, & Butterfield, 1979). Thus, as information arrives in 
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working memory, relationships may be detected among the different items allowing 

them to be organized or "chunked" into a smaller number of larger sized units (Bellezza 

& Young, 1989; Ellis & Hunt, 1993). In this manner, chunking may help offset the 

extreme capacity limit of working memory (Tulving, 1962), but this too has limits as the 

mind is simply not able to manage chunks of ever-increasing size. Simon (1974) 

demonstrated that as chunks become larger (single syllable words vs. eight word 

sentences) they consume more resources in working memory. Thus, chunking can be an 

important source of economy in cognitive processing, although its effects are ultimately 

limited. 

The second limit of working memory deals with persistence of information. 

Provided it is actively rehearsed through repetition, information can be maintained in 

working memory indefinitely. As soon as processing resources are shifted away from 

the information in working memory, however, it begins to suffer from decay and 

interference from other tasks and is typically irretrievable within 15 to 20 seconds. 

Using an experimental procedure known as the Brown-Peterson paradigm (Brown, 1958; 

Peterson & Peterson, 1959), subjects are shown three items consisting of nonsense 

syllables or words for three seconds. Following this presentation, subjects' memory is 

then tested following a delay ranging from 0 to 18 seconds. During this delay, subjects 

are prevented from rehearsing these words by performing some other task, such as 

counting backwards by threes from some designated starting point. Results of these 

experiments indicated that after merely 18 seconds, the subjects could correctly recall 
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only ten percent of the presented material. These results demonstrate that in the absence 

of active rehearsal, persistence of information in working memory is extremely brief. 

The purpose of working memory then, is to hold briefly and process small 

amounts of information obtained from the environment as well as from long term 

memory in order to determine how best to respond to the changing demands of the 

immediate environment. Working memory is thus a critical part of important activities 

such as problem solving, reasoning, and comprehension. For example, consider the 

problem of calculating the value of 63+18 "in your head." In this case, carrying 

operations and partial sums must be retained until the final solution is reached. Even 

this simple addition problem places considerable demands on conscious capacity if it is 

attempted while the subject thinks about anything else at the same time (Ellis & Hunt, 

1993). These cognitive limitations may explain why, once people have initially framed a 

problem, it may be very difficult to venture beyond familiar concepts. Thus, solely 

relying upon automatic spreading activation while trying to solve a particular problem 

may not be sufficient to allow creative solutions to emerge. 

2.4 Summary of Foundations of Creative Solution Generation 

In the preceding literature review, a variety of evidence has been provided that 

supports the various premises underlying the Cognitive Network Model of Creativity. 

These premises, summarized below, combine to provide a foundation for the detailed 

discussion concerning the generation of creative solutions discussed in Chapter 3. 

The Cognitive Network Model of Creativity begins with the assumption that 

knowledge is represented in memory as complex bundles of information referred to as 
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concepts, schemata, or frames that are highly associative in nature. These associations 

are based upon two primary factors. The fist factor is the semantic relationships or 

underlying meaning of schemata in memory. The second factor is the influence of each 

individual's personal and unique experiences in life. These aggregate factors provide a 

rich and highly interconnected network that encompasses the totality of each person's 

knowledge and experience. The associative links that connect concepts, schemata, and 

frames in this network vary in their strength. Stronger links are present between frames 

that are proximally closer to one another in the knowledge network and thus are more 

closely related, either because of their meaning or their occurrence in time. Conversely, 

relatively weak links may exist between frames that are very distant from one another in 

the knowledge network and thus less related to one another. By traversing the links that 

connect some activated frame to other frames within the knowledge network, activation 

of successive frames spreads through memory causing yet other frames to become 

primed for activation. 

Creative solutions to problems typically result from the combination of frames or 

schemata from different areas of the knowledge network within the context of the 

problem at hand. Combinations resulting from frames that are more distant from one 

another have the potential to yield solutions of greater creativity than those resulting 

from more proximally located frames. While engaged in problem solving, people may 

rely heavily upon their past experiences and knowledge. Due to the potentially limiting 

effects of re-using routine patterns of activation combined with the limitations of 

working memory, however, people in general are very poor at solving problems without 
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some form of assistance. One specific form of assistance that can be provided while 

people are engaged in problem solving and the predicted result of that assistance are 

discussed in Chapter 4. Chapter 3 presents the cause and effect relationships of the 

Cognitive Network Model of Creativity. This model represents one plausible 

explanation of a cognitive mechanism responsible for producing creative solutions to 

problems. 
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CHAPTER 3 - A COGNITIVE NETWORK MODEL OF CREATIVE 

SOLUTION GENERATION 

In Chapter 2, assumptions and supporting evidence underlying the Cognitive 

Network Model of Creativity were introduced. Taken together, these assumptions form 

the foundation for the Cognitive Network Model of Creativity and provide the reader 

with the background necessary for the development of the model itself in the current 

chapter. Chapter 3 presents the theoretical arguments along with supporting evidence 

about the proposed cause-and-effect relationships that explain the generation of creative 

solutions during problem solving tasks. First, the current chapter outlines each of the 

causal relationships one at a time and shows how each is relevant to the model. After 

this detailed discussion, the model as a whole is summarized and brought into better 

focus. The last section in this chapter briefly reviews several other process models 

proposed to depict the creative process and highlights the differences between these 

models and the Cognitive Network Model of Creativity developed in this chapter. 

3.1 Cognitive Foundations of Creative Solution Generation 

The Cognitive Network Model of Creativity contains eight causal propositions (the 

arrows in Figure 11) that are built upon the foundation discussed in Chapter 2. This 

section first presents these propositions and then discusses each in greater detail. 

Although previous discussions used terms such as concepts, schemata, and frames when 

referring to the structure of bundles that represent human knowledge, the remainder of 
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this discussion uses the term frame in place of these for consistency and simplicity. 

Briefly, the eight causal propositions that comprise the Cognitive Network Model of 

Creativity are listed below and shown in Figure 11. 

1. Conditions that increase the likelihood of forming new associations 

between frames that are distant from one another in the knowledge network 

also increase the likelihood of producing creative solutions. 

2. Conditions that increase the associative distance between salient frames 

also increase the likelihood of forming new associations between those 

frames. 

3. Conditions that increase the level of cognitive load decrease the likelihood 

of forming new associations between salient frames. 

4. Conditions that increase the number of stimuli problem solvers are exposed 

to per unit of time also increase the corresponding level of cognitive load. 

5. Conditions that increase the associative distance between salient frames 

also increase the corresponding level of cognitive load. 

6. Conditions that increase the degree to which salient frames may be 

chunked decrease the corresponding level of cognitive load. 

7. Conditions that increase the diversity of stimuli to which problem solvers 

are exposed also increase the associative distance between the resulting 

salient frames. 

8. Conditions that increase the diversity of stimuli people are exposed to 

decrease the degree to which the resulting salient frames can be chunked. 
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Figure 1L The causal propositions of the Cognitive Network Model of Creativity. 

The nature of the foundation for this set of causal propositions (discussed at length 

in Chapter 2) dictates that they are interrelated with one another. As a result, there are 

cases in which the arguments and supporting evidence for one proposition may draw 

upon evidence that also supports other propositions. Thus, the Cognitive Network 

Model of Creativity draws upon a highly coherent body of literature. 

3.1.1 Creative solutions and distant frames 

The Cognitive Network Model of Creativity asserts that creativity occurs when 

people form new associations between two or more previously unrelated elements within 

the context of some new problem. Rothenberg (1986) found that greater creativity 

resulted when artists were given stimuli consisting of superimposed images as compared 

to composite-combined images. Similarly, Rothenberg and Sobel (1980) found that 

greater creativity resulted when artists were given stimuli consisting of superimposed 

images than when stimuli contained the same two images presented side by side. In 

tasks where subjects were instructed to combine examples drawn from various pre
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existing categories, Mobley et al. (1992) found evidence of greater creativity when these 

categories are more diverse than when they are less diverse. Similar evidence and 

arguments that creativity results from the combination of disparate items in a new 

context has been presented by Elam and Mead (1990), Maltzman (1960), Mednick 

(1962), Mumford, Mobley, Reiter-Palmon, Uhlman, and Doares (1991), Rickards 

(1988), and Simonton (1995). 

Drawing upon these findings, the Cognitive Network Model of Creativity posits 

that the most direct cause of creativity is when new associations are created between 

previously unassociated frames in working memory. Until frames are simultaneously 

salient in working memory, a person cannot be aware of a possible connection between 

them. Previously unassociated frames come into working memory, perhaps by 

happenstance, through automatic spreading activation (Collins & Loftus, 1975) or by the 

conscious process of tracing chains of links (Mednick, 1962; Norman & Bobrow, 1975; 

Rummelhart & Ortony, 1977). For example a person might think of cheese, and then 

follow links to milk—cows—dairy farm—farmer—the price of grain—the economy... 

and so on. The greater associative distance (number of links) separating two frames, the 

less chance there is that both will occupy working memory at the same time; therefore, it 

is less likely that they will be combined into a creative solution. Interventions from an 

outside source, such as a facilitator who provides cues, however, may help identify 

shorter paths between seemingly distant parts of the cognitive network (this topic is 

more thoroughly addressed in Chapter 4; it is presented here for illustrative purposes). 

Consider for example, the question, "What can you do with a paper clip?" One might 
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exhaust one's possibilities before coming up with the creative solution, "communicate." 

If a moderator instructs participants to list the attributes of a paper clip (Jones, 1972), 

however, one might think, "paper clip—shiny—mirror—signal mirror—communicate." 

This approach provides a variety of stimuli that act as starting points for search in 

memory, which may provide access to more of the knowledge network, resulting in "I 

can communicate with my friends by flashing signals at them with a paper clip." Thus, 

shiny becomes a shortcut between paperclip and communicate, and the unexpected 

juxtaposition of paper clip and communicate in working memory gives rise to a 

potentially creative solution. 

Likelihood of 
Forming New 
Associations 

+ Creative 
• Solutions 

Figure 12. Creative solutions result from forming new associations. 

In terms of the Cognitive Network Model of Creativity, conditions that increase 

the likelihood of forming new associations between frames that are distant from one 

another in the knowledge network also increase the likelihood of producing creative 

solutions. This causal relationship is depicted by the bold arrow in Figure 12 and 

represents the beginning of the model. 

3.1.2 Associative distance and new associations 

The likelihood of forming new associations between frames is determined 

primarily by the presence of frames in working memory that were activated from 
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disparate areas of the knowledge network. To illustrate better the significance of this 

point, consider the following situation for a moment. 

When any two frames are located in close proximity to one another in a knowledge 

network, it is highly likely that there may already exist a number of different 

relationships (associations) between these frames. For example, recall the concepts 

"orange", "yellow", "red", and "green" from the discussion on spreading activation from 

Chapter 2. When frames are separated by short associative distances, they often highly 

similar in nature or meaning. Therefore, under circumstances in which the currently 

salient frames derive from closely related areas of knowledge, the potential to form an 

additional association between these respective frames is relatively low. 

Figure 13. Greater associative distance increases the likelihood of forming new 
associations. 

Now, consider the case where salient frames derive from discontiguous areas of 

knowledge. As activation spreads from some originally activated frame to other frames 

in the network, an increasing number of associative links must be traversed in order to 

reach increasingly distant frames. Eventually, if a sufficiently large number of 

associative links are traversed, it is possible that the two frames in question are no longer 

related to one another by any conceivable means. There is now a higher likelihood of 

discovering some relationship between these distant frames and creating a new 

Associative 
Distance Between 

Salient Frames 

^ Likelihood of ^ Creative 
—• Forming New > Solutions 

Associations 
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association. The bold arrow in Figure 13 depicts this causal relationship and represents 

the next step in the development of the model. 

Thus, by manipulating frames separated by vast associative distances people are 

more likely to discover new relationships and create new associations between these 

previously unrelated frames than if those frames are separated by shorter associative 

distances and are already somewhat related. The Cognitive Network Model of 

Creativity asserts conditions that increasing the associative distance between salient 

frames also increase the likelihood of forming new associations between those frames. 

3.1.3 Influences of cognitive load 

Thus far, the development of the Cognitive Network Model of Creativity has 

explored the circumstances under which creative solutions are most likely to be 

produced. The discussion now shifts focus and considers circumstances in which 

cognitive load may limit the likelihood of forming new associations between distant 

salient frames. More precisely, the Cognitive Network Model of Creativity proposes 

that as the level of cognitive load increases, the likelihood of forming associations 

between salient distant frames decreases. 

Recall from Chapter 2 that the processing resources of working memory are finite 

and subject to constraints upon both storage capacity (Miller, 1956) and storage 

persistence (Brown, 1958; Peterson & Peterson, 1959). Also, research has shown that 

processing resources in working memory are deployed from a common pool such that an 

increase in the resources consumed by one task produces a corresponding decrease in the 

resources available for the remaining tasks (Norman & Bobrow, 1975). In this sense. 
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cognitive load may be considered high when relatively few resources are available, and 

conversely, cognitive load may be considered low when relatively more resources are 

available. 

In their seminal study, Getzels and Csikszentmihalyi (1975) conclude that ill-

structured problem solving tends to be a time-consuming activity involving extended 

manipulation and appraisal of stimuli. This activity involves active processing of 

information and systematic reorganization of (or forming new associations between) 

representational elements. This activity arguably poses substantial demands of time and 

effort on cognitive resources resulting in high cognitive load. In more recent work, 

Getzels and Smilansky (1983) provide evidence that suggests when faced with ill-

structured problems, people will often satisfice by simply applying the single most 

strongly activated problem representation (Cyert & March, 1963) to the situation at 

hand. This particular strategy is attractive because it minimizes processing demands and 

saves time (Mintzberg, 1973). These strongly activated problem representations are 

likely to be closely tied to specific schemata for problem solving. Getzels and 

Smilansky (1983) note that although the rote application of schemata may indeed get the 

job done (for example, solve the problem), this process is unlikely to yield the kind of 

novel problem solutions thought to be central to creative thought. Thus, when faced 

with ill-structured problems and high cognitive load, people are likely to employ 

reproductive thinking (traversing existing associations) in favor of productive thinking 

(creating new associations). 
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Similarly, when solving familiar problems, "automatic" processes may be 

employed to conserve processing capacity and reduce cognitive load (Sternberg, 1985). 

Evidence for this comes from studies of expert versus novice problem solvers. For 

superior problem solvers, knowledge tends to be accessed through schemata that contain 

both information about a class of problems as well as procedures useful in solving them 

(Chi, Feitovich, & Glaser, 1981; Sweller, Mawer, & Ward, 1983). The ease with which 

good problem solvers can access appropriate knowledge-based schemata results in 

reduced cognitive load when these individuals are compared with poor problem solvers 

(Hoover & Feldhusen, 1994). By extension, it is easy to envision that during instances 

of high cognitive load problem solvers may lack the resources to explore all of the 

potential associations between the currently salient frames in a thorough manner. 

Rather, individuals may simply use rote application of the most easily accessible 

problem solving schemata regardless of how well it fits the current problem. The bold 

arrow in Figure 14 depicts this causal relationship and represents the next step in the 

development of the model. 

Associative 
Distance Between 

Salient Frames 

^ Likelihood of ^ Creative 
—^ Forming New > Solutions 

Associations 

Cognitive 
Load 

Figure 14. Increased cognitive load reduces the likelihood of forming new associations. 
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Thus, when cognitive load is high, problem solvers may satisfice in order to 

complete the task and move on. Similarly, when cognitive load is high, problem solvers 

may lack the processing resources to explore and develop new associations between 

currently salient frames. The Cognitive Network Model of Creativity therefore proposes 

that conditions that increase the level of cognitive load decrease the likelihood of 

forming new associations between salient frames. 

3.1.4 Stimuli and cognitive load 

The previous discussion considered evidence that problem solvers experience a 

reduced likelihood of associating distant salient frames when cognitive load is high. 

This raises the question "What factors influence cognitive load?" The Cognitive 

Network Model of Creativity asserts that at least three distinct factors influence 

cognitive load. The first factor, quantity of stimuli, is presented here. Discussions of the 

remaining two factors follow this section. 

The Cognitive Network Model of Creativity posits that cognitive load increases as 

the number of stimuli people are exposed to per unit of time increases. Evidence has 

already been presented indicating that each stimulus activates existing knowledge 

structures (Anderson, 1990b) through associational mechanisms such that knowledge is 

activated if it has been associated with some particular cue in the past (Collins & Loftus, 

1975; Holyoak, 1984; Tulving & Thomson, 1973). Now, consider that each stimulus 

activates and causes some number of frames to become salient through spreading 

activation. As more stimuli are perceived, additional frames then become salient. When 

these additional frames arrive in working memory, increased processing resources are 
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consumed by the rehearsal process in an effort to postpone the effects of decay and 

interference (Brown, 1958; Peterson & Peterson, 1959). It is not hard to imagine that as 

continued activation takes places, each of the five to nine "slots" in working memory 

become occupied by recently activated frames. Thus, available processing resources 

dwindle, resulting in high cognitive load. 

Cognitive 
Load 

Creative 
Solutions 

Quantity of 
Stimuli per 
Unit Time 

Likelihood of 
Forming New 
Associations 

Associative 
Distance Between 

Salient Frames 

Figure 15. A greater quantity of stimuli per unit time increases cognitive load. 

Under conditions of high cognitive load that result from processing demands, there 

may not be sufficient resources available to rehearse some given frame thus keeping it in 

working memory. In this case, the unrehearsed frame may be "dropped" from working 

memory in favor of a more recently activated frame. As the quantity of stimuli per unit 

time increases, so does the number of frames that can become salient within that same 

time period. With so many frames passing through working memory, there may not be 

sufficient opportunity to explore possible new relationships between salient frames such 

that potentially creative associations may go undiscovered. Thus, it is easy to 

understand how a high quantity of stimuli per unit time can have limiting effects on the 

ability to discover new associations between distant salient frames, consequently 
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limiting the generation of creative solutions. The bold arrow in Figure 15 indicates this 

causal relationship. 

Thus, when the quantity of stimuli to which problem solvers are exposed per unit 

of time is relatively higher, so too is the resulting level of cognitive load. Conversely, 

when the quantity of stimuli problem solvers are exposed to per unit of time is relatively 

lower, so too is the resulting level of cognitive load. The Cognitive Network Model of 

Creativity therefore proposes conditions that increase the number of stimuli problem 

solvers are exposed to per unit of time also increase the corresponding level of cognitive 

load. 

3.1.5 Associative distance and cognitive load 

The previous discussion introduced the first factor predicted by the model to 

impact cognitive load while solving problems. The present discussion investigates the 

second factor predicted by the Cognitive Network Model of Creativity to impact 

cognitive load. According to the model, as the associative distance between salient 

frames increases, the corresponding level of cognitive load also increases. 

Due to the potentially large number of intermediate links which may exist between 

certain frames in a knowledge network, it may take a great deal of effort to traverse 

multiple links through these networks and bring concepts that are distant from any 

currently salient frame to mind (Ellis &. Hunt, 1993). As problem solvers try to push 

beyond the capacity limits of working memory, available resources become consumed 

and salient frames may need to be "dropped" in order to make room for new items in 

working memory. Both the capacity constraints (Miller, 1956) and the short duration of 
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unrehearsed information (Brown, 1958; Peterson & Peterson, 1959) in working memory 

may serve to limit the degree of activated frame separation that is achievable in any 

given situation. 

This process of venturing into more distant areas of a knowledge network and 

maintaining increasingly disparate frames in working memory may require the thinker to 

displace the contents of working memory many times, requiring increased effort and 

resulting in greater cognitive load. The bold arrow in Figure 16 depicts this relationship. 
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Figure 16. Greater associative distance between salient frames increases cognitive load. 

When the associative distance between any two salient frames is greater, the 

resulting level of cognitive load increases. Conversely, when the associative distance 

between any two salient frames is shorter, the resulting level of cognitive load is 

decreased. The Cognitive Network Model of Creativity therefore proposes conditions 

that increase the associative distance between salient frames also increase the 

corresponding level of cognitive load. 
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3.1.6 Chunking and cognitive load 

The previous discussions explored two factors (associative distance and quantity 

of stimuli) predicted by the Cognitive Network Model of Creativity to impact the 

resulting level of cognitive load while solving problems. When either of these factors 

increases, the resulting level of cognitive load increases as well. The ability to chunk 

salient frames represents the final factor predicted by the model to impact cognitive load. 

Specifically, chunking may help problem solvers reduce cognitive load. The Cognitive 

Network Model of Creativity predicts that as the degree to which problem solvers are 

able to chunk salient frames increases, the corresponding level of cognitive load 

decreases. 

Recall from Chapter 2 that chunking occurs when relationships are detected among 

individual frames in working memory that allow these frames to be grouped into a 

single, larger unit (Bellezza & Young, 1989; Lachman et al., 1979; Tulving, 1962), such 

as when the string of digits 1,4,9, 2, 1, 7, 7, 6 become chunked into the important dates 

1492 and 1776. Chunking thus allows working memory to "reclaim" some of its 

processing resources. In the chunking example above, the individual digits can 

conceivably consume eight slots in working memory. Thus, the storage and rehearsal of 

this information requires dedicating a great deal of available cognitive resources. When 

these separate digits are chunked together, however, this chunk can be stored in a single 

slot, thus making the previously used seven slots available again. These available slots 

may now be filled with other frames or may provide increased processing resources for 

the remaining contents in working memory, if they remain empty. In this manner. 
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chunking may help to offset the limited capacity of working memory by decreasing 

cognitive load under certain circumstances. Although Simon (1974) demonstrated that 

as chunks become increasing larger they can consume more resources in working 

memory, chunking remains an important source of cognitive economy. The bold arrow 

in Figure 17 depicts this relationship. 
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Figure 17. Chunking salient frames reduces cognitive load. 

Under conditions where two or more salient frames may be chunked together, the 

corresponding level of cognitive load experienced will decrease. Conversely, if 

conditions reduce the amount of chunking that can take place, cognitive load will remain 

higher. The Cognitive Network Model of Creativity therefore proposes conditions that 

increase the degree to which salient frames may be chunked decrease the corresponding 

level of cognitive load. 

3.1.7 Stimuli diversity and assficiative distance 

It has been argued that the likelihood of forming new associations between frames 

is influenced by the presence in working memory of frames that were activated from 

disparate areas of the knowledge network. This section argues that the associative 
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distance between salient frames is influenced by the diversity of stimuli to which people 

are exposed. 
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Figure 18. Diverse stimuli increase the associative distance between salient frames. 

From the previous discussion concerning quantity of stimuli per unit time and 

cognitive load, recall that stimuli can behave as cues that activate existing knowledge 

structures (Anderson, 1990b) through associational mechanisms (Collins & Loftus, 

1975; Holyoak, 1984; Tulving & Thomson, 1973). Each frame that receives activation 

from some particular stimulus causes activation to spread through the knowledge 

network to other closely related frames (Collins & Loftus, 1975). Each subsequent 

activation then primes other closely related frames. Thus, it is easy to understand how 

related stimuli can cause activation to be relatively confined to relatively narrow areas of 

the knowledge network. It is highly conceivable, however, that diverse stimuli will 

activate frames from non-contiguous areas of knowledge. These diverse stimuli may 

provide different entry points to the knowledge network thereby causing frames that do 

not lie in one another's direct paths of spreading activation to become simultaneously 
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salient. The frames that become activated by diverse stimuli are thus more distant from 

one another in terms of the knowledge network than frames activated by less diverse 

stimuli. This relationship is depicted by the bold arrow in Figure 18. 

When the diversity of stimuli problem solvers are exposed to increases, it is likely 

that longer associative distances separate the resulting salient frames. Conversely, when 

the diversity of stimuli problem solvers are exposed to decreases, it is likely that shorter 

associative distances separate the resulting salient frames. In terms of the Cognitive 

Network Model of Creativity, conditions that increase the diversity of stimuli to which 

problem solvers are exposed also increase the associative distance between the resulting 

salient frames. 

3.1.8 Stimuli diversity and chunking 

The previous discussion highlighted the role of chunking and how it may help to 

offset the limited capacity of working memory by decreasing cognitive load under 

certain circumstances. The current discussion focuses on the circumstances under which 

chunking is most likely to occur. Chunking results when salient frames become 

combined due to the detection of similarities between them (Bellezza & Young, 1989). 

The Cognitive Network Model of Creativity posits that as problem solvers are exposed 

to a greater diversity of stimuli, the degree to which the resulting salient frames may be 

chunked decreases. 

From the earlier discussions concerning quantity and diversity of stimuli, recall 

that stimuli cause activation of knowledge structures through associational mechanisms 

(Anderson, 1990b; Collins & Loftus, 1975; Holyoak, 1984; Tulving & Thomson, 1973). 



127 

Each frame that receives activation from some particular stimulus causes activation to 

spread through the knowledge network to other closely related frames (Collins & Loftus, 

1975). Additionally, frames that become activated by diverse stimuli are more distant 

from one another in terms of the knowledge network than frames activated by less 

diverse stimuli. 

Due to the associative relatedness (similarity) of the salient frames resulting from 

less diverse stimuli, multiple frames are more likely to become chunked into a smaller 

number of more complex frames (Bellezza & Young, 1989; Lachman et al., 1979). 

Conversely, when stimuli are highly diverse from one another, patterns of activation are 

far less likely to overlap. Thus, there is increased potential that working memory will 

contain frames that are highly diverse from one another. Due to this diversity among 

salient frames, chunking will be unlikely to occur. This relationship is depicted by the 

bold arrow in Figure 19. 
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Figure 19. Diverse stimuli decreases the ability to chunk salient frames. 

The various principles that underlie the organization of knowledge in memory 

store frames that are most similar in close proximity to one another. Since diverse 
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stimuli are more likely to activate frames from distant areas of a knowledge network, it 

stands to reason that these activated frames are less likely to become chunked together. 

Thus, chunking will be easier when salient frames derive from less diverse stimuli than 

when stimuli are more diverse. In terms of the Cognitive Network Model of Creativity, 

conditions that increase the diversity of stimuli problem solvers are exposed to decrease 

the degree to which the resulting salient frames may be chunked. 

Thus, all eight causal propositions that comprise the Cognitive Network Model of 

Creativity have been argued. These propositions are firmly grounded in existing 

empirical literature. The following sections summarize the model and then provide an 

overview of several other process models of creativity proposed by various researchers. 

The main point of this overview is to highlight how the Cognitive Network Model of 

Creativity varies from previously existing models of creativity. 

3.2 Summary of the Cognitive Network Model of Creativity 

The foundation for the Cognitive Network Model of Creativity begins with the 

assumption that knowledge is represented in our memory as complex bundles of 

information referred to as frames that are highly associative in nature. These 

associations result from relationships that are discovered between perceived items or 

from personal experiences. Together, the frames and the associations that connect them 

form highly interconnected networks that encompass human knowledge and experience. 

Stronger associations are present between frames that are proximally closer to one 

another in the network of knowledge and thus are more closely related. Conversely, 

weaker associations may exist between frames that are very distant from one another in 
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the network of knowledge and thus less related to one another. By traversing the 

associations that connect some activated frame to other frames within a knowledge 

network, activation of successive frames spreads through memory causing yet other 

frames to become primed. 

Creative solutions typically result from forming new associations between frames 

that were activated from different areas of a knowledge network within the context of 

the problem at hand. Combinations resulting from frames that are more distant from one 

another have the potential to yield solutions of greater creativity than those resulting 

from more proximally located frames. While engaged in problem solving, people may 

rely heavily upon their past experiences and knowledge. Due to the potentially limiting 

effects of re-using routine patterns of activation combined with the limitations of 

working memory, however, people in general are very poor at problem solving without 

some form of assistance such as facilitation. 

The Cognitive Network Model of Creativity rests upon the above foundation and 

contains a set of eight causal propositions that aim to explain one potential cognitive 

mechanism responsible for the production of creative solutions to problems. The 

Cognitive Network Model of Creativity posits that creative solutions occur when new 

associations are formed between previously distant frames in the knowledge network. 

Conditions that increase the likelihood of forming associations between distant frames 

also increase the production of creative solutions. This likelihood of forming new 

associations between previously unrelated salient frames increases as the associative 

distance between salient frames increases. In conditions where cognitive load is high. 
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however, the likelihood of forming new associations in working memory is reduced. 

Cognitive load can increase as the number of stimuli to which problem solvers are 

exposed to per unit of time increases. Another factor that can cause an increase in 

cognitive load is a greater associative distance between salient frames. Conversely, 

cognitive load may be reduced by the extent to which currently salient frames can be 

chunked. Salient frames that result from stimuli that are highly diverse, however, may 

not be chunked so easily, therefore limiting the benefits of chunking. Finally, as the 

diversity of stimuli increases, so too does the associative distance between the resulting 

salient frames. While this increases the potential of finding new associations between 

salient frames, it also consumes greater amounts of available cognitive resources. 

The Cognitive Network Model of Creativity therefore represents a highly 

plausible, theoretically grounded answer to the first research question: "What is the basic 

cognitive mechanism responsible for producing creative solutions to a problem?" In the 

discussion that follows, several existing models of the creative process are examined. It 

is argued that these models do not sufficiently explain the mechanisms by which creative 

solutions are generated. As a result, these models are unable to answer the second 

research question: "How can such a basic causal mechanism of creative solution 

production be leveraged to help people generate creative solutions to problems?" With a 

single exception, discussed below, existing models provide little insight to the process of 

creative solution generation. Each of these models will be contrasted with the Cognitive 

Network Model of Creativity. 
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3.3 Differences From Other Models of Creativity 

This section provides an overview of several process models of creativity in 

addition to those presented in Chapter I. The first part reviews a number of stage 

models that surprisingly ignore much of the previous literature and discussion dealing 

with the roles of cognition and problem solving. Many of these models are descriptive 

or prescriptive in nature; as such, they are derived from reflection and introspection 

rather than empirical evidence. The second part of this section returns to the associative 

process of creativity (for example, Mednick, 1962) for a more thorough treatment of the 

role of cognition in creative solution generation. 

3.3.1 Stage Models of Creativity 

Muller (1993) proposed a stage model of creative thinking which involves 

motivation, the problem, a primer, influence, creation, thinking activities, and a driving 

force. This model was iteratively derived from over 100 interviews with professions 

from a variety of industries. As an example of how this model was assembled, the 

author conducted interviews, analyzed their content, constructed the model, and then 

sent the model back to the interviewees for comments and clarification. This process 

was repeated many times during the data gathering period. 

The creative thought process (Figure 20) thus begins with either the motivation to 

create something or with a thorny problem that needs to be solved. Propelled by this 

driving force, the thinking activities produce some solution or creation. Along the way, 

these solutions are subject to various influences, such as personal past experience, 

conversations with others, observed events, personal background, context, or culture. 
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Interim creations are produced, each superseding the previous creation until the final 

creation is produced. 

Perhaps the most interesting feature of this model is the Primer. Muller claims that 

the individual is woricing on the problem the creative process is often primed to watch 

out for or to be triggered by anything that could be conceived of as a possible link, 

association, insight, or cross fertilization while working on the problem. Muller 

acknowledges that he leaves "many issues purposely open for readers to take further" 

and that many of the figures are "hand drawn...to stress their informal, soft, and tentative 

contributions to a highly subjective and personal area of human endeavor" (p. 6). This 

mode of specification is geared toward fostering an open-ended view of the creative 

process. Unfortunately, the model leaves the reader with little new insight on how 

creative solutions are actually produced, or what cognitive mechanism come to bear on 

this process. The nature of the creative processes presented in this model do little to help 

researchers understand specific causal factors that inhibit or enhance creativity. 

Motivation Problem 

Prir 

Influence 

Thinking 

Creation 

Thinkini 

^ Creation 

Figure 20. The Creative Thinking Process Model (Muller, 1993). 
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Additionally, as this model represents a simple process flow diagram, it makes no 

specific predictions that may be empirically investigated. Thus, this model fails to 

address either of the two research questions posed in Chapter 1. 

Goswami (1996) proposed an interesting notion of a unified theory of creativity 

that is domain and context independent. He indicated that disparate perspectives on 

creativity range from trait theorists (such as those discussed in Chapter 1) to organismic 

theorists (who, for example, seek to understand how creativity which is so common in 

children becomes so rare in adults) to those who theorize about brain mechanisms. From 

each of these perspectives, Goswami abstracts out common elements and assembles 

them into a chain of the following stages: preparation, incubation, insight, and 

manifestation. While this convergence approach can help lead to a better overall 

understanding of creativity, the process of abstraction is likely obscure important details 

or cognitive mechanisms. Furthermore, this abstraction results in a slightly more 

complex rearrangement of Wallas' (1926) original four stages of the creative process 

(preparation, incubation, inspiration, and verification). In its present form, this model is 

also unable to explain how one might go about producing creative solutions to problems. 

Finally, this model sheds no light on either of the two research questions posed earlier. 

In 1985, Cagle proposed a model of creative thinking that is based upon a three 

dimensional matrix that is analogous to Guilford's (1967) Structures of Intellect matrix. 

The dimensions consist of mental attitudes, types of creative thought, and stages of 

creative thought. Each of these dimensions is further broken down into more discrete 

sub-dimensions. For instance, types of creative thought include reflective, sensory. 
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intuitive, metaphorical, convergent, and divergent. The primary thrust of the model 

deals with the interaction of these various dimensions. Cagle then proposed how each of 

these dimensions can be viewed as an iterative sequence of Wallas' (1926) stages of 

problem solving. In his conclusion, Cagle stated "Although this perspective of creativity 

and the processes involved was presented in very general terms, this model may serve a 

useful purpose for generating other hypotheses that may be systematically tested to 

further advance an understanding of the complex process of creativity" (p. 109). While 

resulting in a slightly different approach to the topic of creative thought processes, it is 

not hard to imagine this model falling prey to the same endless division of constructs as 

Guilford's (1967) SI model. Perhaps even more importantly, there is no discussion 

concerning how these specific dimensions were selected for inclusion in the model. 

Thus, this model also provides little insight to cognitive mechanisms related to creativity 

and how they may be leveraged. 

Amabile (1983) presented another stage that depicts the creative process. In this 

model (Figure 21), solid lines indicate the sequence of stages and dotted lines indicate 

influence of various factors upon the stages and upon one another. In the first stage, the 

task or problem to be solved is presented. In the second stage, preparations for response 

generation are made. These preparations include either learning or activating the 

requisite knowledge, potentially consuming substantial amounts of time if the problem 

involves learning. In the third stage, responses are generated by searching the available 

knowledge pathways (associative links). These pathways may be explored either 

heuristically (see, for example, Newell &. Simon, 1972) or according to some blind (see. 
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for example, Campbell, 1960) or random process. In the fourth stage, domain 

knowledge is used to evaluate the previously generated responses. Finally, the last stage 

evaluates the progress of the previous stages. If the original goal has been attained, the 

process terminates. If the goal is not attained and no reasonable responses generated, the 

process also terminates. If there is some progress toward the goal, however, the process 

returns to the first stage. Thus, work on any give task or problem may involve a long 

series of loops through the process until success is achieved. 

Task 
Motivation 

Domain 
Relevant Skills 

Creativity 
Relevant Skills 

Success, 
failure, or 
progress 

toward goal 

Presentation 
of problem 

or task 
stimulus 

Search 
memory to 
generate 
responses 

Test 
response 
against 
criteria 

Activate 
store of 
relevant 

information 

Figure 21. Componential Framework of Creativity (Amabile, 1983). 

Throughout the entire process, task motivation, domain relevant skills, and 

creativity relevant skills influence the different stages of the framework. Task 

motivation impacts the generation of responses and is responsible for initiating and 

sustaining the process by determining whether the search for a solution will begin and 
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whether it will continue. Domain relevant skills are the materials drawn upon during the 

response generation stage and determine what pathways will be searched and the criteria 

used to assess the alternative responses. Creativity relevant skills act as the central 

controller and influence the way in which the search for responses proceeds. Although 

this framework was originally proposed as a descriptive model of the creative process, 

subsequent research (Conti et al., 1996) has provided evidence for both general 

creativity skills across different tasks within a single domain and evidence of general 

creativity skills across different domains. While this model does aid in the 

conceptualization of factors that may contribute to creativity, it does not specifically lend 

insights to the workings of a cognitive mechanism of creative solution production or to 

how creative solution generation may be enhanced. 

In contrast to the models of creativity that focus on mental stages that one follows 

while attempting to solve a problem (such as those presented above). Woodman, 

Sawyer, and Griffin (1993) proposed a framework to help understand the organizational 

factors that affect creativity (Figure 22). In this context, organizational creativity is 

defined as the creation of a valuable or useful new product, service, idea, procedure, or 

process by individuals working together in a complex social system. The model they 

propose illustrates how organizational components, such as the creative process, the 

creative product, the creative person, and the creative situation, interact with one 

another. Although their framework for creativity is highly reminiscent of Rhodes' 

(1961) Four P's of creativity, there is no direct citation of this work. 
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Figure 22. Interactionist Model of Organizational Creativity (Woodman et al., 1993). 

Woodman and his colleagues assert that creative behavior of organizational 

participants is a complex person-situation interaction that is influenced by events of the 

past as well as by salient aspects of the current situation. The three primary constructs 

include individual creativity, group creativity, and organizational creativity. Individual 

creativity is a function of antecedent conditions, cognitive style and ability, personality 

factors, relevant knowledge, motivation, social influences, and contextual influences. 

Group creativity is a function of individual creativity plus group composition, group 
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characteristics, group processes, and contextual influences. Finally, organization 

creativity is a function of group creativity and contextual influences. Thus, each 

successive construct incorporates influences from the previous construct. Two of the 

important features of this model are the feedback loops between stages and the ability to 

address influences across the three primary constructs. The social influence and 

contextual influence factors embody the cross-level influences. The authors conclude 

their discussion of this model by offering a series of three propositions and several 

hypotheses that derive from them. As with many of the models that have been explored 

thus far, these hypotheses predict that certain components (such as the creative 

performance of the individual, group, and organization) are functions of others factors 

present in the model. The unfortunate aspect of models of this type is that they do not 

explain causality of creativity; thus, this model too is unable to address the question 

"What causes a creative solution?" 

Perhaps one of the more well known stage models of creativity is the Osbom-

Pames Creative Problem Solving (CPS) Model (for a detailed review of CPS, see Van 

Gundy, 1987). This model contains six major stages: objective-finding, fact-finding, 

problem-finding, idea-finding, solution-finding, and acceptance-finding. The 

interrelationships between these stages are briefly described below and shown in Figure 

23. Objective-finding acknowledges available concerns, challenges and opportunities at 

various levels of ambiguity. The goals of this stage are to select a primary objective to 

focus upon and to clarify several potential starting points. The goal of fact-finding is to 

increase the understanding of the selected starting point by gathering as much relevant 
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information as possible about the specific concern, challenge, or opportunity. At the 

conclusion of the problem-finding stage, a single statement should emerge which best 

embodies the concern, challenge, or opportunity area. The subsequent idea-finding stage 

focuses on generating as many potential solutions as possible for the target problem. 

Solution-finding involves a systematic evaluation of the solutions generated in the 

previous stage to select the ones with the best potential for implementation. This stage 

also involves the generation of a list of criteria by which to evaluate the candidate 

solutions. Finally, in the acceptance-finding stage, ways to overcome the obstacles that 

might prevent the application of the chosen solutions are considered. The result of this 

stage is an action plan that can be used to guide the implementation of the selected 

solution(s). 

Each of these six stages of the CPS model contains two sub-stages: divergence 

followed by convergence (represented by the diamond shapes in Figure 23). The 

divergence sub-stage is essential for generating a wide range of solutions or approaches, 

while the convergence sub-stage is useful for identifying which of the possible solutions 

produced are most appropriate to the given situation. The inclusion of divergence and 

convergence sub-stages represents a unique contribution made by this model to the 

understanding of the creative process. This model still lacks a causal foundation for 

creativity, however. Additionally, the CPS model, like all of the models previously 

discussed, provides little insight to how to improve the output of the creative process. 



140 

problem 
opportunity 
challenge 

^bjective fact ^problem idea ^ solution ^cceptano 
\ finding finding yv finding yv finding/V findingyv finding 

action 

Figure 23. Osbom-Pames Creative Problem Solving Model (Isaksen & Fames, 1985). 

In summary, stage models provide a variety of perspectives and insights to the 

creative process. Taken together, these models explore the relationships between 

creativity and various factors such as motivation, sequences of actions, specific skill sets, 

general skill sets, and knowledge. Different contexts such as individual, group, and 

organizational environments are also explored. Despite these differences in perspective, 

however, one stage that is common to all of the creative problem solving models 

examined thus far is a specific activity dedicated to generating candidate solutions (idea-

finding). Indeed, there exists a great variety of idea-finding techniques that have been 

demonstrated to enhance creative problem solving by pushing people to think outside of 

their familiar boundaries (Couger, 1995; Marakas & Elam, 1997; Rickards, 1988; Van 

Gundy, 1984, 1987; Von Oech, 1986). For instance, the general thrust of each of the 

above cited creative problem solving processes aims at one or more of the following: to 

provide focused direction to the problem solvers, to reveal strengths or weaknesses in 

existing procedures, to challenge or reverse traditional assumptions about the problem, 

to view the problem from a different or "fresh" perspective, or to have the problem 
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solvers engage in fantasy. These techniques are often accompanied by procedural or 

mechanical explanations of how they may be implemented for problem solving. 

It is extremely rare, however, than any of the explanations of how idea finding 

techniques work focus on specific cognitive processes or mechanisms and how they 

influence creative problem solving performance. The small number of researchers that 

do attempt to address cognitive processes often do so using generalized or highly 

abstracted models that lack discrete and verifiable causal relationships (for example, see 

Woodman et al., 1993). 

The various stage models discussed above have facilitated a great deal of insight to 

the creative process. Despite this insight, however, the primary research inquiry 

concerning the nature of a cognitive mechanism responsible for producing creative 

solutions to a problem remains largely unanswered by these models. One common 

characteristic of each of the creativity stage models presented above is the 

oversimplification or complete omission of details concerning the role of cognition. The 

following discussion helps to address this deficit by describing research and theories that 

deal with underlying cognitive mechanisms of the creative process. 

3.3.2 Cognitive Models of Creativity 

The various stage models discussed above have allowed a great deal of insight into 

the creative process. Despite this insight, however, the research questions concerning 

the nature of a cognitive mechanism responsible for producing creative solutions remain 

largely unanswered by these models. One common characteristic of each of the 

creativity process models presented above is the oversimplification or complete 
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omission of the role of cognition. The following discussion addresses this deficit by 

examining research and theories that deal with underlying cognitive mechanisms of the 

creative process. Continuing along the same line of reasoning presented in Chapter 1, 

this discussion shall focus on the associative processes of cognition and their 

relationship to creativity. 

In his work with associative aspects of the creative process, Mednick (1962) 

underscores the importance of forming associative elements into new combinations. The 

three ways in which he proposes these new combinations occur include serendipity, 

similarity, and mediation. While Mednick provides examples of these three processes 

(discussed in Chapter 2), he unfortunately does not specify any factors that may 

influence these processes or what their limits may be. 

Similarly, Koesteler's (1964) bisociation process (introduced in Chapter 2) 

involves the association of two typically incompatible frames of reference within some 

new context. Here, the creative product is characterized as one that is both unexpected 

and perfectly logical within each frame of reference. In many ways, the main theme of 

this work is highly similar to that of Mednick. Unfortunately, the similarities also 

include the omission of a meaningful discussion concerning influences upon the 

bisociation process. For example, this model of the creative process does not specify 

how one might use bisociation to improve creative output. 

The "blind sighted" discussion of creativity by Campbell (1960) neatly 

circumvents the involvement of any form of cognitive processes or mechanisms by 

explaining creativity in terms of completely random occurrences. If this model is 
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correct, then nothing can be done to increase the likelihood of generating creative 

solutions to problems. In this case, there are no mechanisms that are responsible for 

creative production that may be manipulated in a controlled manner. 

In an effort to capitalize on the notion that combining ideas from different domains 

leads to creativity, Connolly et al. (1993) experimented with presenting both unusual and 

common ideas to subjects while they are engaged in electronic brainstorming. Unusual 

ideas are those that are not often generated by a given population for the task at hand and 

are thus statistically rare. Their premise was that presenting unusual ideas would be 

more stimulating than common ideas and thus lead to the generation of a greater quantity 

of unique solutions to the task. Results indicated no support for the hypothesis 

concerning the impact of rare ideas upon creative solution production. Dugosh, Paulus, 

Roland, and Yang (2000), however, explain the above results by indicating the subjects 

simply could have ignored the extra stimuli (the rare ideas) as they appeared on the 

screen of the EBS tool. For instance, in the Connolly experiment, subjects were told that 

they were working alone but would see ideas generated by previous participants inserted 

between each of their own ideas on the screen. Dugosh et al. argue that because there 

were no explicit instructions for the subjects to read the inserted stimuli, they simply 

may have ignored them. To test this hypothesis, Dugosh et al. had subjects brainstorm 

in isolation while listening to an audio tape of another person brainstorming on the same 

topic. To manipulate the subject's attention to the ideas on the tape, subjects were told 

that they would be given a recall test for the ideas contained on the tape after completing 

the brainstorming task. Results indicated that subjects who listened to the tape while 
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brainstorming generated a greater quantity of unique ideas than subjects who 

brainstormed without the audio tape. Similar results indicating increased idea 

production (greater quantity of ideas) when group members carefully process the ideas 

exchanged in the group have been obtained by Paulus and Yang (2000). The dependent 

measures in these studies, however, focus only on the quantity of ideas generated and do 

not address the creativity of products as discussed in Chapter 1. It is interesting to note 

that the results obtained by Dugosh et al. (2000) and Paulus and Yang (2000) are 

analogous to the findings of the need for facilitation during problem solving discussed in 

Chapter 2. 

Paulus (2000) presents a model that illustrates the impact of social and cognitive 

factors upon creativity in verbally interactive, idea-generating groups (see Figure 24). In 

this context, cognitive factors such as production blocking, task-irrelevant behavior, and 

cognitive load will lead to lower creativity for interacting groups. Conversely, cognitive 

factors such as novel associations, priming, attention to the ideas of others, presence of 

conflict, heterogeneity of participants, divergent style, and incubation of ideas lead to 

increased creativity for interactive groups. The inclusion of social factors in this model 

reflects the researcher's verbal interaction paradigm for idea generation. Empirical 

evidence supporting the assertions contained in this model does not yet exist. While 

these factors may indeed influence creativity, the model does not represent an actual 

cognitive mechanism and thus does not address the research questions posed in Chapter 

1. 
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Figure 24. Social and cognitive factors related to creativity in idea-generating groups 
(Paulus, 2000). 

Another cognitive approach to solution generation and problem solving is that of 

Nagasundaram and Dennis (1993). Their approach begins with the premise that 

electronic brainstorming is best viewed as an individual, cognitive phenomenon (rather 

than a social phenomenon) that is subject to the limitation of the human information 

processing system. This model of cognitive stimulation (Figure 25) maps various 

stimulus attributes of previously generated ideas that are presented to individuals 

participating in electronic brainstorming to the corresponding response attributes of new 

ideas generated by the participants as a result of exposure to the previous ideas. 
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In the context of this model, stimulus diversity is viewed in terms of the idea that 

triggers the subsequent response generated by the participant. Diversity can vary along 

four dimensions: the semantic domain of the idea, the contributor of the idea, the idea 

itself which stimulated the generation of the new idea, and the number of characters 

contained in the previous idea. The first three diversity dimensions are classified as 

either homogeneous or heterogeneous strategies. For example, previous ideas may be 

grouped into homogeneous or heterogeneous stimuli patterns based upon the semantic 

domain of each idea. Similar patterns based upon the contributor of the idea are 

achieved by grouping all ideas from a particular subject into a single unit or a mix ideas 

across different individuals. For groupings according to idea length, homogeneous 

groupings contain ideas of similar length, and heterogeneous groupings contain ideas of 

non-uniform length. In each case, a homogenous grouping of the stimuli presumably 

leads to ideas that are more adaptive, while a heterogeneous grouping leads to ideas that 

are more innovative. According to this model, then, diversity in the stimuli that EBS 

participants receive will increase both the innovativeness and the productivity (quantity) 

of responses produced. There will be some point at which too much diversity leads to an 

overload of the cognitive resources of the participant, however, at which time 

productivity will suffer. It is interesting to note that among all of the models of the 

creative process that have been reviewed thus far, this is the first model that 

acknowledges any type of limitations of the cognitive process (such as those discussed in 

Chapter 2). 
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Figure 25. Cognitive Stimulation in Idea Generation (Nagasundaram & Dennis, 1993). 

According to Nagasundaram and Dennis' model, manipulations of stimulus 

cardinality may be achieved by varying the number of ideas per stimulus group or the 

number of stimuli groups presented to subjects while they work. Homogeneous 

groupings of stimuli contain the same number of ideas, while heterogeneous groupings 

contain a variable number of ideas per group. Stimuli groupings that either contain too 

many items or present too many groups may inhibit the productivity of participants, 

while some lesser cardinality level may tend to facilitate productivity. Finally, the 

temporal distance of ideas presented to participants may be varied. Temporal distance 

refers to the amount of time elapsed between ideas that have been previously generated. 

These ideas can be arranged in their original temporal order, in reverse temporal order, 

or some mixed combination. Thus, stimuli presented in temporal order may facilitate the 

exploration of a narrow domain in more depth, resulting in adaptive ideas, whereas 

reversing the temporal order may lead to a greater breadth of exploration and result in 
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innovative ideas. The authors conclude their discussion with a list of testable 

propositions that are derived from various combinations of these stimulus attributes. No 

empirical evidence for this model is presented, however. Contrasts between the 

cognitive stimulation model (Nagasundaram & Dennis, 1993) and the Cognitive 

Network Model of Creativity developed by the present research are highlighted below. 

While the Cognitive Network Model may appear similar to the model of cognitive 

stimulation proposed by Nagasundaram and Dennis (1993), there are several important 

distinctions to be made between these two models. Most importantly, a careful study of 

the links contained in the cognitive stimulation model reveals that it is more heavily 

focused upon explaining productivity (the quantity of ideas generated) than upon 

explaining creativity. Thus, the majority of the propositions it contains closely 

approximate the rational used by Connolly et al. (1993), Dugosh et al. (2000), and 

Paulus and Yang (2000) in their experiments dealing with the quantity of ideas generated 

by brainstorming groups. The second major difference between the Cognitive Network 

Model of Creativity and the cognitive stimulation model is the nature of the relationships 

that impact creativity. The relationships between diversity, temporal distance, and 

innovativeness in the cognitive stimulation model are linear. That is, stimulus diversity 

and temporal distance both act to increase innovativeness. According to the Cognitive 

Network Model of Creativity, however, stimulus diversity and temporal distance have 

curvilinear relationships with creativity. Thus, at lower levels, these factors are 

predicted to lead to comparatively lower creativity. At a moderate levels, these factors 

are predicted to lead to relatively higher creativity, and at high levels, these factors are 
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again predicted to lead to comparatively lower creativity. This "inverted U" shaped 

relationship in the Cognitive Network Model of Creativity is discussed in greater detail 

in Chapter 4. The final difference between these models is that the Cognitive Network 

Model makes no predictions at all concerning productivity (number of responses 

produced); it focuses solely on the emergence of creative solutions during a problem 

solving task. The cognitive stimulation model makes predictions about both 

productivity and innovativeness, in which the innovativeness construct is based upon a 

derivative of Kirton's (1976) innovator-adaptor continuum. 

The above review of existing models of the creative process is by no means an 

exhaustive catalog of all known models of creativity. It is, however, highly 

representative of the major types of models that are relevant to the present research. The 

different process models that have been examined can be classified as either process 

stage models or cognitive process models. Stage models provide step-by-step 

descriptions and prescriptions of how to go about creative problem solving. The primary 

shortcoming of many stage models includes the lack of a detailed discussion concerning 

cognitive issues and specific causal relationships between the constructs and creativity. 

Thus, stage models do not address cognitive mechanisms that underlie the creative 

process. Cognitive models of creativity do address cognitive issues to one extent or 

another, but they frequently do not include any factors that serve to inhibit or enhance 

the creative process. Thus, in many cases, specific recommendations for improving 

creativity are exceptionally difficult to find. One notable exception to these criticisms is 

the cognitive stimulation model presented by Nagasundaram and Dennis (1993). This 
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model differs from the Cognitive Network Model of Creativity in several important 

ways. These differences lie in the specific predictions made by the respective models. 

In some cases, the Cognitive Network Model of Creativity makes opposite predictions 

from the cognitive stimulation model; in others, the predictions of the cognitive 

stimulation model are extended by accounting for both positive and negative effects of 

the specific constructs in the model. 

The following chapter describes the design, task, and methods for a laboratory 

experiment intended to further investigate the Cognitive Network Model of Creativity. 

The experiment varies patterns of stimuli in an effort to manipulate cognitive load and 

the diversity of frame activation. The resulting impact upon the creativity of the 

solutions generated in response to the problem solving task can then be evaluated in light 

of the model. 
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CHAPTER 4 - EXPERIMENTAL DESIGN AND METHODS 

Chapter 3 presented the theoretical arguments and supporting evidence for the 

eight causal propositions that comprise the Cognitive Network Model of Creativity. It is 

proposed that this model explains the generation of creative solutions during problem 

solving tasks. This chapter presents the design and experimental methods employed to 

evaluate the Cognitive Network Model of creativity. This discussion begins with a 

description of the experimental task, the participants, and the variables. The remainder 

of this chapter provides details concerning the experimental procedures, data collection, 

and data analysis techniques. 

4.1 Problem solving tasks 

Two hypothetical problem tasks were employed to evaluate the cognitive network 

model of creativity: the Gompin Crisis task and the School of Business (Mennecke & 

Wheeler, 1993) task. In the Gompin Crisis task, a small island nation in the middle of 

the Pacific Ocean has been devastated by a typhoon. As a result of the extensive 

infrastructure damage, 35,000 residents of the Gompin capital are facing a life 

threatening situation because they have been left without drinkable water for several 

days. A limited number of resources are available for disaster relief efforts; however, 

there are not enough resources to supply drinking water to all of the residents of the 

capital. The infrastructure damage left in the wake of the typhoon has placed severe 

constraints upon the relief efforts. In this task, the subjects are instructed to generate 
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solutions that will provide drinkable water to the residents of the capital within a 48 hour 

period. 

The School of Business task represents a fictitious situation at a large public 

university. The subjects are instructed to generate solutions to a problem represented by 

an interconnected set of symptoms, such as limited physical resources, poor quality 

teaching, students who are ill prepared, limited computer resources, and declining 

reputation of the school. The Gompin task is a "means" task (Lamm & Trommsdorff, 

1973) in which the participants need to think of ways to solve a given problem that does 

not have just one predetermined solution. The School of Business task has a more 

narrow solution space than does the Gompin task, but it is presented in a manner that 

obscures the actual source of the symptoms represented in the problem task. For the 

exact text of each scenario, please refer to Appendix A for the Gompin Crisis Task and 

Appendix B for the School of Business Task. 

These problem tasks were chosen because they meet several criteria for creative 

problem solving. Newell, Shay, and Simon (1962) state that problem solving may be 

labeled creative when one or more of the following conditions are met. First, the 

product of the thinking (the solution) has novelty and value. In this case, the 

determination of the value (or creativity) of each solution for these tasks is based upon 

the consensual assessment technique (Amabile, 1982) and is discussed in greater detail 

later in this chapter. Second, the thinking is unconventional in the sense that it requires 

modification or rejection of previously accepted ideas. This condition is fulfilled by the 

constrained nature of each of these tasks. Solutions that appear obvious or simple are 
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not necessarily feasible to implement because they violate one or more of the constraints 

present in the task description. Third, the thinking required for the task needs to take 

place either over a considerable span of time or at high intensity. While the time span of 

the problem-solving session (forty minutes) would not typically be viewed as 

"considerable," the circumstances under which the thinking takes place can be 

considered high intensity. This intensity is a direct result of the facilitation technique 

used to interact with the participants while they generate their solutions. More detail of 

this facilitation and interaction is provided in the section dealing with the Independent 

Variables below. The final condition that constitutes creative problem solving it that the 

problem, as initially posed, is vague and undefined so that part of the task is to formulate 

the problem. This condition is especially true of the School of Business task in which 

subjects are presented with symptoms and first need to discover the root cause of the 

problem before solutions can be generated. Problems that fulfill these criteria are 

referred to as ill-structured problems (Simon, 1973). Both the Gompin Crisis and the 

School of Business tasks are ill-structured in nature. For the Gompin task, the range of 

possible solutions is very open-ended; thus, there is no single solution that will fulfill the 

task requirements. For the School of Business task, the exact nature of the problem is 

not specified in the task description; rather, the participants receive only a list of 

symptoms. As an analogy, the School of Business task is similar to a situation in which 

a patient has certain symptoms and the doctor must determine what the disease is before 

starting a particular treatment. In this sense, these tasks may be viewed as 

approximations to real life problems as opposed to "toy tasks." Many of the problems 
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we face in real life, including important social, political, economic, and scientific 

problems in the world, are ill-structured (Simon, 1973). Thus, it is argued that ill-

structured problems are well suited to creative problem solving activities (Dillion, 1982; 

Getzels, 1982). 

Amabile (1983) indicates that in order for a task to be well suited to creativity it 

should lead to a product or observable response that can be assessed by others. The task 

should be open-ended to permit flexibility and novelty in responses, and the task should 

not be dependent upon certain special skills such as drawing ability or verbal fluency. 

Both the Gompin Crisis task and the School of Business task are designed to fit these 

criteria for creative problem solving. 

Another view of ill-structured problem solving indicates a connection between the 

organization of human knowledge and problem solving activities. For example, while 

solving problems that are sufficiently complex, one may require information not 

provided in the original problem statement. For tasks of this type, problem solvers need 

to rely upon their knowledge to help fill in the problem constraints that may not be 

readily apparent in the presentation of the problem itself. 

Both the Gompin Crisis task and the School of Business task meet the conditions 

indicated above, making these tasks well suited for use in creative problem solving 

exercises: they are ill-structured, they closely approximate real life problems, their 

nature allows for a variety of responses, and they rely upon information not directly 

stated in the problem in order to reach a solution. 
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4.2 Subjects and Task Environment 

Upper division undergraduate Management Information Systems students in the 

School of Business and Public Administration at the University of Arizona served as 

subjects for the two problem solving tasks described above. One hundred subjects 

participated in the School of Business task; sixty one percent of the subjects were male 

and the average age of these subjects was 23.3 years. One hundred forty eight subjects 

participated in the Gompin Crisis task; seventy one percent of the subjects were male 

and the average age of these subjects was 23.9 years. Due to the experiences these 

students have had as a result of their enrollment in a large, public university, they were 

considered to be a good match to the School of Business task. While these students may 

have had less direct involvement with situations such as those presented in the Gompin 

Crisis task, the text of the task is structured such that it follows common "models" of 

disaster reports that appear in the news media, such as radio, television, and the Internet. 

The remainder of this section contains procedural details about brainstorming, some of 

the problems encountered with group brainstorming, and how these problems can be 

largely avoided through the use of Group Support Systems. 

4.2.1 Brainstorming and Creativity 

Brainstorming is a technique that is designed to improve the productivity and 

creativity of responses generated by groups of individuals in response to a particular 

problem (Osbom, 1957). Osbom originally predicted (1957, p. 229) that a verbally 

interacting group following his rules (enumerated below) could produce at least twice as 

many ideas as an equivalent number of people working individually. To achieve these 
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benefits, Osbom outlined four primary rules that brainstorming groups should follow. 

These rules are as follows: 

1. Criticism is ruled out. Adverse judgment of ideas must be withheld. No one 

should criticize anyone else's ideas. For the individuals who are participating 

in the brainstorming exercise, this mean do not criticize any ideas that come to 

mind; say everything that you think of. 

2. Combination and improvement are sought. In a group setting, subjects are 

instructed to look for ways that the ideas of others can be joined into still better 

ideas. This means that the individual participant should be willing to change 

the suggestions that he or she made and should not be afraid to combine and 

improve upon them. 

3. Quantity is wanted. The greater the number of ideas generated, the greater the 

likelihood that this pool will contain winners. Come up with as many ideas as 

possible. 

4. Freewheeling is welcomed. The wilder the idea, the better. It is easier to tame 

down than to think up. Do not be afraid to say anything that comes to mind, 

the farther out the idea, the better. Freewheeling is designed to stimulate more 

and better ideas. 

In early evaluations of the creative problem solving guidelines set forth by Osbom 

(1957), Fames and Meadows (1959) compared the performance between groups that 

received formal brainstorming instructions (as listed above) and those that did not. 

Results showed that groups following the brainstorming instmctions enumerated above 
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produced a significantly greater quantity of "good" solutions (defined as unique and 

having social, economic, aesthetic, or other usefulness) than groups that did not follow 

the brainstorming instructions. Thus, there is evidence that when groups follow 

Osbom's brainstorming methods, they can outperform groups that do not follow these 

methods. Based upon this early evidence, then, it would seem that group brainstorming 

is a valuable method for creative problem solving. 

4.2.2 Process Losses in Brainstorming Groups 

While the brainstorming technique was developed with the belief that groups 

following the above rules are able to produce a greater number of novel ideas than an 

equivalent number of individuals, a review of brainstorming studies compiled by Stein 

(1974) highlights a strong trend that individuals produce far fewer ideas when 

participating in interactive groups than they do when working independently. For 

instance, in an investigation into ill-structured problem solving using both groups and 

individuals working alone, Campbell (1968) found that verbally interacting groups 

produced solutions of lesser quality than did both individuals and "nominal groups." 

Nominal groups are formed when subjects work independently and then pool the results 

of their efforts after they have each completed the task. In his analysis, Campbell noted 

that group discussion did not improve individual problem solving efforts and that 

solutions produced by groups were of significantly lower quality than solutions produced 

by individuals working alone. In fact, a negative correlation was found between solution 

quality and group interaction. 
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Interested in learning more about the effects of group work, Bouchard and Hare 

(1970) conducted a series of studies investigating the effects of group structure. The 

primary finding was that regardless of group size, nominal groups significantly 

outperformed verbally interacting groups. Thus, these findings were interpreted as 

evidence that interactive groups can inhibit creative thinking, directly contradicting 

Osbom's predictions about group brainstorming. 

In a survey of previous creativity experiments using verbally interacting groups, 

Thomburg (1991) reported that creativity is enhanced when individuals brainstorm in 

solitude following a group brainstorming session. In addition, among the 33 creativity 

studies that Thomburg reviewed, group brainstorming performance reliably decreased as 

a function of group size. That is, as groups grow larger, creative idea production by 

individual group members falls off. Similarly, Diehl and Stroebe (1987) reviewed 22 

interactive brainstorming studies and found that nominal vs. interactive group structure 

accounted for up to eighty percent of the variance in total quantity of ideas produced, 

with nominal groups reliably outperforming interacting groups. In studies that scored 

total quality (the sum of the quality ratings for the ideas produced by a given subject or 

group) of ideas produced, nominal groups again performed better than interactive 

groups. 

In summary, the above studies consistently demonstrate two primary weaknesses 

of verbally interactive brainstorming groups when compared to nominal brainstorming 

groups. First, nominal groups tend to produce a greater number of solutions that are of 

greater quality or higher creativity than do interactive groups of the same size. Second, 
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as interactive groups grow larger in size, the number of solutions generated by each 

member, the quality of solutions, and the creativity of solutions all tend to decline. 

Thus, based upon the above evidence, it might seem that brainstorming is better suited to 

individuals than to groups. 

4.2.3 Understanding Process Losses 

Based upon the findings reviewed above, one might be tempted to conclude that 

using interactive groups for brainstorming is not methodologically appropriate. Indeed, 

this was the case until research revealed the reason behind these admittedly large 

differences between group and individual performance. A series of carefully designed 

experiments conducted by Diehl and Stroebe (1987, 1991) isolated three process losses 

that are able explain the above findings of reduced performance of verbally interacting 

groups when compared to nominal groups: production blocking, free riding, and 

evaluation apprehension. These losses are discussed in decreasing order of their impact 

upon group performance. 

The largest group process loss is accounted for by production blocking, which 

dictates that only one person may speak at any given time in a normal discussion setting 

(Lamm & Trommsdorff, 1973). For example, group members who are prohibited from 

verbalizing their ideas as they occur (a potential side effect of turn taking while 

speaking) may forget or suppress them. Diehl and Stroebe (1987) have argued that 

suppression occurs because ideas seem less relevant or less original at a later time when 

an opportunity to speak arises. Listening to the ideas of other group members also 

proves distracting and interferes with the generation of ideas. While one group member 
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is speaking, other members are either listening at the expense of generating new 

solutions, or are generating new solutions at the expense of keeping up with the current 

discussion. Thus, in a verbal group, the length of delay between a subject's speaking 

turns grows with the number of group members making larger groups increasingly 

inefficient. In their experiments, Diehl and Stroebe (1987) found production blocking to 

account for ninety six percent of the variance due to experimental manipulations. 

The second process loss that contributes to decreased performance in verbally 

interactive groups deals with motivation. When brainstorming, subjects are presumably 

motivated to work hard because the experimenter has instructed them to produce as 

many ideas as possible. Any factor that reduces the ability of the experimenter to 

monitor individual productivity, however, is likely to reduce the subjects' motivation to 

work, leading to free riding. The effect of reduced motivation is compounded in a group 

setting in which individual ideas are pooled with the ideas of others and analyzed at the 

group level. Thus, any individual member may be tempted to free ride on the efforts of 

others, especially as the size of the group increases and individual accountability 

decreases. Subjects participating in individual sessions, however, have no way to 

prevent their efforts from being directly monitored by the experimenter and may 

subsequently feel a greater sense of motivation. 

Finally, the detrimental effect of evaluation apprehension is evident when, despite 

the brainstorming instructions to postpone judgment, the fear of negative evaluations 

from other group members prevents subjects from presenting their more original ideas. 
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Diehl and Stroebe (1987) have further demonstrated that apprehension is present 

whether the evaluation of ideas is performed by peers or unknown judges. 

Lamm and Trommsdorff (1973) highlighted one additional factor that may 

contribute to the list of process losses in verbally interacting groups. This factor, termed 

cognitive inertia (or cognitive uniformity), can be present to the extent that task relevant 

ideas expressed by the group members may be more similar to one another than if each 

member had not been exposed to the ideas of the others as they worked. Additionally, 

the authors argue that there may be a motivational pressure toward group uniformity, 

since interpersonal agreement is more psychologically comfortable than disagreement. 

Thus, there are several potential explanations for the results found in the studies 

that compare verbal brainstorming to nominal brainstorming discussed above. Many of 

these concepts are captured in the social and cognitive factors that serve to reduce 

creativity in verbally interactive brainstorming groups (Paulus, 2000). If there were 

some way to control these factors in a systematic manner, perhaps the negative effects 

associated with interactive groups could be reduced. 

4.2.4 Process Gains with Group Support Systems 

Many of the group process losses discussed above are rooted in the socially 

interactive nature of the face to face verbal communication setting employed during 

typical brainstorming studies. If these social factors could be controlled, however, 

perhaps their detrimental impact upon interactive groups could be reduced. Group 

Support Systems are one way of reducing some of the negative effects of the social 

factors described above. 
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With a Group Support System, each participant uses a networked personal 

computer that handles all communication electronically (via typing). Group Support 

Systems provide several functions that greatly offset some of the difficulties often 

experienced by groups of people who interact verbally. These functions include parallel 

communication, group memory, anonymity, and a structured pattern of discussion 

(Dennis, George, Jessup, Nunamaker, & Vogel, 1988, DeSanctis & Gallupe, 1987). By 

allowing participants to simultaneously type their ideas into the workstations as opposed 

to taking turns speaking, the effects of production blocking may be greatly reduced. By 

recording all of the comments that are typed into the system, the GSS provides for the 

group an "external" memory (as indicated by Newell & Simon, 1972) that can enable 

members to work at their own pace and not feel pressure to "keep up" with the group 

discussion. Together, the factors discussed above may further help to reduce the effects 

of production blocking. Comments can also be recorded anonymously by a GSS. In this 

manner, the identity of the individual contributing the idea is concealed, a factor which 

may help to reduce evaluation apprehension that the group member may feel. Finally, a 

GSS provides a continuous transcript of everything that has been "said" by the group. 

Everyone in the group may "speak" at once, while all group members will subsequently 

"hear," and "remember" everything that has been said. Indeed, these benefits of GSS 

have helped to turn process losses into process gains in creative problem solving 

research. 

GSS consist of various process "tools" that are designed to support interacting 

groups across a variety of different tasks. For example, the electronic brainstorming 
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(EBS) tool often incorporated into a GSS is commonly used for problem solving and 

idea-finding research. EBS can provide for the group an electronic workspace that 

contains the problem description and one "discussion sheet" for each member of the 

group. Each discussion sheet is the electronic analog of a blank sheet of paper on which 

members may type their solutions in response to the current task. When the participant 

has finished typing his idea, the discussion sheet is exchanged for a different one. 

Adding one extra discussion sheet (one more than there are members in the group) 

insures that every member gets back a different sheet when they exchange their current 

one, rather than getting the same one back again. The participant is then able to read the 

ideas contained on this new discussion sheet, add other ideas of his own, and then 

exchange the sheet again. In this way, different "discussions" or trains of thought, which 

can help to offset the effects of cognitive inertia, are developed. Another feature of EBS 

is that the comments typed by the participants can be recorded anonymously by the 

system. Using anonymity allows the merit of the ideas to be weighed without the 

influence of politics and egos entering into the evaluation. 

An investigation involving anonymity and group size conducted by Valacich, 

Wachter, Mennecke, and Wheeler (1990) examined the impact of group size on idea 

generation in an EBS environment. Valacich and colleagues compared three-member 

interactive groups to nine-member interactive groups and demonstrated that larger 

groups are able to generate significantly more ideas that are of significantly higher 

quality than those generated by smaller groups. The above results were replicated and 

extended by Dennis, Valacich, and Nunamaker (1990) in an experiment that investigated 
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idea production in 3-, 9-, and 18-member EBS groups. As group size increased, so did 

the number and quality of solutions such that large groups outperformed medium sized 

groups that, in turn, outperformed small groups. Further analysis in both studies revealed 

that average per person contribution remained relatively constant across various group 

sizes. These findings of increased performance as a function of group size stand in direct 

contrast to non-GSS findings on interactive group size cited above. 

To assess the effects of group size (small, medium, and large) and group structure 

(nominal vs. interactive) on idea quantity and quality, Dennis and Valacich (1994) 

performed a series of experiments in an EBS environment. The performance of 18-

member interactive groups was compared to the performance of nominal groups of 18 

members each as well as pooled smaller groups (for example, six groups of three 

members each and two groups of nine members each). Results again showed that large 

groups interacting through a GSS generated more ideas of higher quality than the same 

number of subjects working in nominal or pooled smaller groups. A final experiment in 

this study varied the number of members in the various sized groups (individuals, 4-

member groups, and 12-member groups) and found the same pattern of results. Namely, 

large groups produced more ideas of higher quality than the same number of subjects 

working in either pooled smaller groups or nominal groups. Similar patterns of 

performance between larger versus smaller groups and GSS versus non-GSS groups 

have been reported by other researchers (Gallupe, Bastianutti, & Cooper, 1991; Gallupe 

et al., 1992; Gallupe & Cooper, 1993; Petrovic & Krickl, 1994). Other studies have 

shown that the effects of evaluation apprehension can also be substantially reduced 
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through the use of anonymity (Connolly, et al, 1990). Thus, by removing many of the 

process losses inherent with verbally interactive groups, a GSS is able to provide an 

environment that is more conducive to group brainstorming than an environment that is 

not supported by a GSS. 

4.2.5 Process Losses with Group Support Systems 

In contrast to the advantages of Group Support Systems described above, there are 

several factors that may contribute to process losses. Reinig, Briggs, Brandy, and 

Nunamaker (1996) demonstrated that when Group Support Systems are used in 

conjunction with anonymity, individuals need not worry about adhering to conventional 

social norms. For example, when working electronically as a group, individuals can 

simultaneously reduce responsibility and increase anonymity. Indeed, when GSS were 

used to mediate discussion on various course topics, incidences of flaming (the 

launching of vitriolic personal attacks with the use of profane or obscene language) and 

buffoonery (off-task jocularity) both increased. Another process loss stemming from the 

use on anonymity and Group Support Systems is free-riding. Free-riding occurs when 

an individual does not contribute to the overall group effort due to the belief that the 

output of the remaining group member will be sufficient to accomplish the task at hand. 

Thus, while there are substantial process gains bestowed through the use of Group 

Support Systems, there are also several process losses. 

4.2.6 Electronic Brainstorming Groups of Subjects 

The Cognitive Network Model of Creativity represents the formation of creative 

solutions within the individual mind; however, subjects participated in groups consisting 
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of four members each to complete the experimental tasks. While using interactive 

groups to evaluate the CNM may appear to be a methodological conflict, the use of 

interactive groups can be justified from several different perspectives. Evidence 

presented above argues that interactive brainstorming groups can be more productive 

than an equal number of individuals who work independently. 

Another salient argument in favor of using groups is that the model itself predicts 

better results with groups than with individuals working alone. To better understand this 

claim, consider that if cognitive networks of knowledge result from exposure to stimuli, 

then because no two individuals have exactly the same experiences, cognitive networks 

should be different for every individual. Therefore, presentation of the same stimuli to 

different people should result in different patterns of spreading activation from person to 

person. Thus, the total knowledge applied to any given problem situation is greater in a 

group setting than in an individual setting, providing a strong case for group 

collaboration when solving complex problems, particularly during idea generation 

exercises (Osbom, 1957; Rickards, 1974). Similarly, it has been argued that solving ill-

structured problems requires a large number of ideas from different people with different 

experiences to identify as many significant solution factors as possible (Rickards, 1988). 

Nagasundaram and Dennis (1993) argue that the effects of process losses with 

interactive groups are greatly reduced when employing an electronic brainstorming 

system (EBS) that is embedded within a GSS. This argument is based on the premise 

that electronic brainstorming is primarily a cognitive phenomenon as opposed to a social 

phenomenon, an idea that may help explain why nominal groups outperform verbally 
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interactive groups. In essence, "a group using an EBS system is not so much a group as 

a collection of individuals who interact with ideas rather than with other individuals" (p. 

464). Using an EBS, the subjects interact with the solutions generated by others; thus, 

there really is no "group" in the traditional sense, only new solutions that appear on each 

participant's screen as they work. 

In summary, using a GSS bestows many significant benefits to the participants of 

the group. For example, group members can contribute their ideas anonymously and at 

the same time. Anonymous contributions help to offset the effects of evaluation 

apprehension by removing the name of the individual who contributed any given idea, 

thus insulating that individual from embarrassment or potential retaliation for voicing an 

unpopular point of view. By allowing group members to contribute their ideas in 

parallel, they are also relieved of the burden of "waiting their turn" to speak. Thus, by 

using a GSS in a group setting, communication can be made more interactive and more 

effective. Through the use of a GSS there are demonstrably fewer barriers to the 

creative process. Another of the other major benefits of using a GSS is that the software 

automatically maintains a complete and accurate record of the progress of the group. 

This method of recording the efforts of the participants is much easier than coding data 

from a video or other similar technique. It is for these reasons that the experiment 

described below takes place within the context of a Group Support System. 

4.3 Treatments and Independent Variables 

The subjects worked together in groups of four to complete the experimental tasks. 

While it is certainly possible to compose groups containing five or six members, four 
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member groups were chosen primarily to maximize the number of groups that can 

simultaneously occupy a room equipped with thirty workstations. The choice of four 

member groups also represents a starting place for the present study. For each treatment 

(the different treatments are described below), subjects entered a computer-equipped 

classroom and chose their own seats. Prior to the experimental sessions, each computer 

workstation was randomly assigned to a group consisting of three others workstations. 

Due to this random assignment of workstations to groups, the subjects had no idea who 

the other members of their interactive group were. Regardless of the specific task or 

treatment, all subjects brainstormed for a period of forty minutes and used the same 

GroupSystems electronic brainstorming software. Evens (1991) has shown that the 

optimal time duration for brainstorming lies in the range of thirty to forty minutes. 

4.3.1 Directed Brainstorming 

While following Osbom's brainstorming rules has shown some benefits for 

interactive groups (Fames & Meadows, 1959), it is important to remember that these 

prescriptions were developed for verbally interactive groups. Since the present study 

utilizes electronic brainstorming, it seems possible that Osbom's prescriptions for 

verbally interactive groups may not be entirely appropriate for this environment. In fact, 

it is important to note that none of Osbom's mies were followed for this study. The 

primary reason for abandoning these mIes is due to the existence of research conducted 

since brainstorming was first introduced that reveals difficulties when groups follow 

these rules. The following presents a more thorough analysis of each of the rules. 



169 

1. Criticism is ruled out. This prescription was originally intended to help 

verbally interacting groups of individuals working in a face-to-face fashion to 

prevent the inhibition of ideas that might normally result from criticism. For 

example, it is likely that if someone criticizes an idea contributed by another 

group member, the person suggesting the criticized idea will likely become 

embarrassed or angry, and therefore motivate group members to censor their 

own ideas (Diehl 8c Stroebe, 1987). Using an EBS, however, contributions can 

be made anonymously, thus eliminating the potential for embarrassment within 

the group because an idea receives criticism. Anonymity thus serves as a 

"buffer" to insulate the idea itself from the originator of the idea. In fact, 

contrary to Osbom's first rule, several studies have demonstrated benefits to 

idea generating groups when critical (as opposed to supportive) feedback is 

provided in conjunction with anonymity (Nunamaker, Dennis, Valacich & 

Vogel, 1991; Connolly, Jessup & Valacich, 1990). Thus it seems that for 

groups using an EBS, this rule is no longer as appropriate as it once was. 

2. Combination and improvement are sought. If the only interaction that a group 

has relies on building upon the ideas of others, combining and improving ideas 

can potentially lead to the production of a narrow set of similar ideas at the 

expense of a more diverse set of ideas. This tendency occurs due to the 

typically narrow patterns of thought that result from strongly associated 

concepts, scripts, and automatic spreading activation as previously discussed. 

Osbom himself acknowledged that interacting groups often "fall into a rut" by 



170 

concentrating on and elaborating on a single problem dimension rather than 

exploring the entire problem space. Additionally, Osbom (1957) claimed that 

individuals find it more comfortable to react to someone else's ideas than to 

generate their own ideas. This is especially limiting, since early ideas that 

become the focus of the group's attention often contain obvious rather than 

subtle problem dimensions (Osbom, 1957; Taylor, Berry, &. Block, 1958). 

Similar research has shown that the first solution a group proposes that 

receives positive feedback is adopted eighty five percent of the time, regardless 

of its quality (Hoffman &. Maier, 1964). Thus, cognitive inertia can be used to 

explain the inhibition of the group's creative ability by limiting their efforts to 

a few narrow topics or themes (Connolly et al., 1993; Gettys et al., 1987; 

Taylor et. al., 1958). It now seems that simply allowing the group members to 

work on their own using principles of combination and improvement can 

potentially limit the output of the group. 

3. Quantity is wanted. Osbom originally proposed that as groups produce more 

ideas, they would also produce better ideas (Osbom, 1957). This premise is 

based upon the assumption that a certain percentage of any pool of solutions is 

likely to be considered better than the others. As the size of the overall 

solution pool increases, so too does the number of good solutions. Several 

studies have indeed found a correlation between idea quantity and idea quality 

(Diehl & Stroebe, 1987; Dennis et al., 1990; Gallupe et al., 1992; Valacich et 

al., 1993), however, Briggs, Reinig, Shepherd, Yen, and Nunamaker (1997) 
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caution that the model "Quality follows Quantity" is incomplete, finding that 

idea quantity explained only eighteen percent of the variance found in idea 

quality. Thus, evidence exists that suggests quantity by itself is inadequate for 

predicting and explaining idea quality. Simply instructing subjects to generate 

a large number of solutions will not necessarily lead to creative solutions. 

4. Freewheeling is welcomed. Freewheeling refers to generating wild ideas, 

saying anything that comes to mind, and encouraging ideas that are "farther 

out." Osbom (1957) predicted that freewheeling would stimulate more ideas 

and better quality ideas. Since freewheeling can be one way of creating a 

greater quantity of solutions in a brainstorming environment, it might seem 

that freewheeling would also contribute to generating better solutions. In 

addition to the studies cited above as evidence against Osbom's third rule, 

Briggs et al. (1997) found that idea quantity had a correlation of 0.93 with the 

number of useless ideas (those that make little or no difference on any problem 

symptom). In light of these findings, it seems that freewheeling leads 

primarily to the generation of "noise" within the group. Since the purpose of 

experimental treatments (described below) is to focus the deliberation of the 

group, freewheeling may actually be counterproductive to creative problem 

solving. 

In light of the previous discussion concerning Osbom's brainstorming rules, it 

appears that they might not apply to all group brainstorming situations. In particular. 
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they do not seem appropriate to an EBS environment. Thus, the present situation seems 

to call for a different set of rules or procedures. 

One such example of a new procedure was offered by Dennis, Valacich, Connolly, 

and Wynne (1996). In most of the 100+ published electronic brainstorming 

experiments, participants are typically presented with a single problem stimulus and 

subsequently asked to generate as many solutions as they can in the available time. 

Dennis et al., (1996), however, found that GSS users produced sixty percent more 

unique solutions when they were offered three electronic discussion sheets, each bearing 

one sub-problem (What shall we do about water pollution? What shall we do about air 

pollution? What shall we do about ground pollution?) than when only a single question 

was posed (What shall we do about pollution?). Like Couger, Higgins, and Mclntyre 

(1993), Guilford (1959), and Maier and Maier (1957), Dennis et al. (1996) found that 

decomposing the problem led to more creativity than when decomposition was not 

performed. It may be that each sub-problem offered a new opportunity to "reset" the 

initial framing of the problem. It is possible that from any starting place, a person may 

only be able to traverse a finite number or a familiar set of links because each traversal 

increases cognitive load by activating additional frames. From this same starting place, 

a person may also become bounded in their thinking, as demonstrated by Gettys et al. 

(1987). Starting at a new frame; however, may "reset" working memory and allow a 

thinker to "jump" to and explore a different section of the cognitive network. It is also 

important to note that the electronic discussion sheets used with electronic brainstorming 

helps to prevent information overload by segmenting the discussion such that all 
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contributions do not end up in a single location. Thus, the contributions made by the 

subjects are spread across a fixed number of electronic sheets. 

Following the rationale above, the Cognitive Network Model suggests several 

possible interventions that might lead EBS participants to solutions of greater creativity 

by decomposing the solution space for the problem at hand. It is often the case that the 

criteria forjudging the proposed solutions can be determined before solutions are even 

generated. Consider, for example, a team of military planners who need to generate 

possible courses of action in response to an enemy threat. Before the planners begin, 

they know from experience that the best solutions are those that are fastest to implement, 

most surprising to the enemy, most destructive to the enemy, and that cause the fewest 

casualties. Therefore, it seems reasonable that during brainstorming problem solvers 

could be presented with a series of stimuli derived from the known criteria for good 

solutions. Continuing the military planning example above, possible stimuli can take the 

form of the following questions: 

• "What are solutions that we can implement quickly?" 

• "In what ways might we surprise the enemy?" 

• "What are solutions that will be highly destructive to the enemy." 

• "In what ways might we reduce the number of casualties?" 

In this manner, problem solvers can be lead through a structured brainstorming 

session that directs the efforts of the participants to different facets of the solution space. 

Furthermore, it provides to the participants a series of discrete goals which may help 

reduce the "where to start" difficulty that is commonly associated with large and 
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unstructured problems. This method is called directed brainstorming. The development 

of the specific directed brainstorming prompts follows Couger's (1995) guidelines for 

developing prompts for aiding creative problem solving. According to Couger, good 

problem solving statements contain four major elements: 

I. An invitational stem. (for example. "In what ways might...") 

2. an ownership component. (for example. "we...") 

3. an action component, and (for example. "reduce...") 

4. a goal component. (for example. "the number of casualties.") 

Thus, these four elements provide a method for insuring uniform structure and 

content for the prompts that are delivered to the group as they generate solutions to the 

problem task. The creation of the actual directed brainstorming prompts used in the 

Gompin Crisis and School of Business tasks will be discussed shortly. Until then, it is 

important to understand the benefits that facilitation bestows upon brainstorming groups. 

These benefits are described in the following section. 

4.3.2 Overcoming Cognitive Inertia with Facilitation 

Left unguided, group brainstorming processes can suffer from ill effects that 

inhibit the group's ability to generate a large number of ideas by restricting the efforts of 

the group to a few narrow topics or themes (Lamm & Trommsdorff, 1973; Taylor et al., 

1958). These effects, previously identified as cognitive inertia, are typically divided into 

three categories that denote the source of each form of inertia: cognitive, social, and 

procedural. Each is briefly described below. 
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Process losses due to cognitive factors stem from narrow patterns of activation 

within cognitive networks of knowledge. Spreading activation patterns may cause 

problem solvers to get stuck in a rut if they rely too heavily upon strong or familiar 

associations between frames or if spreading activation is spread too thinly because it is 

not adequately focused. Thus, frames may not reach their respective activation 

thresholds and may never become salient. Social factors that lead to cognitive inertia 

include structures adopted by groups that serve to constrain an individual's behavior 

such as not changing the subject (Giddens, 1984, Lamm & Trommsdorff, 1973). This 

pressure can be so great that people may even intentionally withhold ideas that are no 

longer related to the current theme of the discussion (Maier, 1970). In this respect, 

social factors that lead to cognitive inertia may be related to production blocking that 

was discussed earlier. The final source of cognitive inertia derives from procedural 

factors. Consider Osbom's rule of piggybacking, or building upon the ideas of others, as 

an example of how procedural factors can lead to cognitive inertia. For example, if 

group members focus their efforts on extending previously generated solutions, this 

activity is likely to result in the exploration of a narrow set of similar ideas at the 

expense of a more diverse set of ideas. Thus, cognitive inertia can be extremely 

detrimental to the creative process unless active measures are taken to help reduce its 

influences. 

Dennis et al., (1997) investigated one way to offset the negative effects of 

cognitive inertia. The experiment utilized an EBS environment and compared the 

effectiveness of a single dialog (in which all discussion takes place in one "location") 
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with the effectiveness of multiple dialogs (in which the discussion takes place in 

multiple "locations") upon group problem solving activities. The results underscore the 

negative effects of cognitive inertia. Groups that used three dialogs to discuss solutions 

to the problem generated a greater quantity of ideas, a greater quantity of novel ideas, 

and higher quality ideas than did equivalent groups that used only a single dialog. 

Further, Stasser (1999) notes that individuals working in a group setting tend to focus on 

information or knowledge that they have in common with other members rather than 

knowledge that is unique to particular group members. 

Another method to reduce the negative effects associated with cognitive inertia is 

the use of a facilitator or someone who provides active direction to the group members 

as they work. Lamm and Trommsdorff (1973) claim that any form of facilitation or 

interaction with a group during a brainstorming exercise may greatly reduce the extent to 

which cognitive inertia inhibits creativity. Correspondingly, there are at least two 

possible benefits of facilitation upon the group process. The first benefit involves 

simply keeping the group on track and preventing tangents from arising. In this respect, 

facilitation can greatly enhance the benefits of group brainstorming by encouraging 

group members to return their focus to the task when they have begun to engage in off-

task discussion (Oxiey, Dzindolet, & Paulus, 1996; Puiman, Paulus, Dugosh, & Coskun, 

1999). The second benefit is that stimuli delivered to the group as they deliberate may 

provide direct access to certain knowledge that does not lie in the direct path of 

spreading activation. Thus, external stimuli in the form of facilitation may help problem 
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solvers out of the rut of familiar patterns of spreading activation while engaged in 

problem solving. 

Recall the discussion concerning the effects of facilitation upon problem solving 

from Chapter 2. Research indicates that subjects engaged in problem solving are 

unaware that they routinely overlook up to eighty percent of the potential solution space 

(Connolly et al., 1993; Gettys et al., 1987). These findings can be explained using the 

principles of spreading activation. Suppose, for example, that as people begin to solve a 

problem, some stimulus from the problem activates a relevant area of knowledge (a 

frame) that acts as a starting point for search in memory. According to the principles of 

spreading activation, two actions may result, each leading to the same conclusion— 

failing to solve the problem. First, the problem solver may automatically activate areas 

of knowledge that are strongly associated with past problem solving experiences, which, 

in turn, automatically activate other strongly associated instances of problem solving. 

By following these strong associations, it is possible that either no past event will be 

found that matches the current situation or the problem solver may attempt to reapply 

some solution from an entirely different problem. In either case, following strong 

associations may lead to the "stuck in a rut" syndrome whereby the problem solver is 

unable to successfully resolve the current problem (Dunker, 1945; Maier, 1931). A 

second course of action may rely upon traversing weaker associations to search memory 

for relevant knowledge. In this event, it is likely that activation may spread too thinly 

across many problem related frames, such that the requisite threshold activation levels 

for the corresponding frames are not reached. This course of action leaves the problem 
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solver "drawing a blank" and again unable to solve the problem. In both cases, 

additional context-relevant stimuli (such as hints provided by a facilitator) may help the 

problem solver activate frames that may not lie in the direct path of automatic spreading 

activation, thereby avoiding the experience of being "stuck in a rut." Problem solving 

research suggests that subjects often needed to be given covert (and overt!) 

"instructions" before problem solving can occur (Gick & Holyoak, 1983; Reed et al., 

1974; Spencer & Weisberg, 1986). In the absence of such facilitation, it appears that 

problem solving can be remarkably difficult. 

In the conclusion of their 1994 article, MacCrimmon and Wagner recognize that 

while brainstorming works quite well for creative problem solving, stimulus rich 

techniques have a higher yield of creative solutions than do techniques that are not 

stimulus rich, especially as the brainstorming duration extends beyond approximately 20 

minutes. There is evidence that changing the context or stimulus pattern used during 

problem solving may serve to increase creativity. For example, evidence suggesting that 

schizophrenia and creativity reflect similar cognitive processing has also been offered 

(Arieti, 1976; Dykes & McGhie, 1976; Keefe & Magaro, 1980). Additionally, evidence 

of creativity in neural nets and artificial intelligence applications as a result of 

unpredictability in associations between concepts has been found (Zak, 1993). Each of 

these findings is evidence that the creative process may be enhanced by the introduction 

of stimuli that help people to break out of their familiar patterns of thought while trying 

to solve problems. 
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In light of the above discussion, the Cognitive Network Model of Creativity posits 

that facilitation is a vital component of generating creative solutions to problems. It is 

also important to note that the model suggests directed brainstorming should have 

several positive effects on creativity. It focuses the efforts of the problem solvers in the 

direction of the specific cue, thus helping to maintain task focus for the duration of the 

problem solving exercise. Each additional cue should then help the problem solvers 

activate new starting frames that will provide ready access to discontiguous areas in their 

cognitive networks. Providing cues can help the problem solvers avoid the bounded, 

familiar, and narrow activation patterns that often occur during problem solving 

activities. It is possible, however, that each prompt may also have a limiting effect by 

preventing the problem solvers from focusing on areas of knowledge other than the cue. 

Since the structure of the cue itself can potentially influence the problem solving 

activities (Higgins & Chaires, 1980), employing a mechanism to help insure the 

consistency of cue structure such as the advice provided by Couger (1995) can serve to 

offset spurious side effects. The following section addresses efforts undertaken in this 

study to help insure a consistent cue structure. 

4.3.3 Independent Variable 

Due to the large potential impact that facilitation can have upon group 

brainstorming, the independent variable in this study is the facilitation pattern used with 

the different treatment groups as they generated solutions to the problem tasks. In this 

case, facilitation involved delivering a set of carefully scripted prompts at specific time 

intervals to the subjects as they brainstormed. For each problem task (Gompin Crisis 
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and School of Business), there are four experimental conditions: three different 

treatment conditions and one control condition. These conditions are designed to 

manipulate the cognitive load and diversity of stimuli constructs of the Cognitive 

Network Model of Creativity (Figure 26). The derivation of the treatments is described 

below. 

To create the prompts for facilitating the problem solving process, each problem 

task was first divided into five sub tasks. As previously discussed, the criteria for 

judging the solution to a problem can often be determined before solutions are even 

generated. Thus, these criteria (discussed and listed below) serve as the five sub task 

dimensions from which the facilitation prompts were developed. While it may be 

possible to subdivide the task into more segments, five was chosen as a starting place for 

the present study. It is also of interest to note that using five problem solution criteria is 

also consistent with Miller's (1956) cognitive capacity of seven plus or minus two items. 

The following discussion illustrates the creation of the specific solution criteria for each 

task. 

The main goal for the subjects working on the Gompin Crisis Task is to "Prevent 

the potential death of 35,000 people by providing drinkable water to Capital City within 

48 hours." The facilitation prompts used during the Gompin Crisis task derive from 

important criteria for solving the problem. The first solution criterion is intended to help 

the subject keep their focus on the broader problem at hand - providing drinkable water 

to the residents of the capital city. The second solution criterion focuses on solving the 

problem quickly because lives are at stake. If a particular solution takes too much time 
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to implement, people are likely to die. The third solution criterion encourages subjects 

to think of solutions that are inexpensive because the monetary resources available for 

disaster relief are finite in nature. The fourth solution criterion centers on finding 

solutions that are easy to implement. Solutions that are too complex may not be 

achievable, given the short time frame limited available resources. The final solution 

criterion focuses on using a small quantity of equipment. This criterion reflects the 

relatively small amounts of available manpower and machinery imposed by the severe 

infrastructure damage that has occurred. Therefore, important solution criteria for the 

Gompin Crisis task are those that: 

1. provide sufficient water to the capital 

2. can be implemented quickly 

3. can be implemented inexpensively 

4. are easy to implement 

5. use a small quantity of equipment to implement 

The main task for the subjects working on the School of Business Task is to 

"Solve the problems faced by the School of Business." Like the Gompin Crisis Task, 

the facilitation prompts used during the School of Business task derive from important 

criteria for solving the problem. The first solution criterion is intended to help the 

subject keep their focus on the broader problem at hand - solving the problems faced by 

the School of Business. The second solution criterion highlights the importance of 

solving these problems quickly. This important because the longer these problems 

persist, the more likely this situation is to escalate due to the involvement of the various 



182 

constituents. If a particular solution takes too much time to implement, people may 

become increasingly upset and possibly less likely to compromise for the sake of others. 

The third solution criterion focuses on solutions that are inexpensive because the 

monetary resources of the School of Business are finite in nature. The fourth solution 

criterion encourages the subjects to look for solutions that are easy to implement, 

reflecting constraints on the amount of coordination that is required between the various 

constituent groups represented in the problem. It may be likely that solutions requiring 

great complexity to achieve are less likely to be implemented. The final solution 

criterion calls for solutions that will be acceptable to each of the groups involved, 

reflecting the scope of solution that is necessary. If any of the interest groups are not 

happy with the proposed solution, the problem is likely to persist. Therefore, important 

solution criteria for the School of Business task are those that: 

1. solve the problems faced by the school of business 

2. can be implemented quickly 

3. can be implemented inexpensively 

4. are easy to implement 

5. are acceptable to each of the groups in the business school 

For both tasks, these problem dimensions derive from criteria for evaluating ideas 

in a creative problem solving setting (Couger, 1995; Davis, 1986; Isaksen & Treffinger, 

1985). It is important to note that several of these solution criteria are sensitive to the 

specific task at hand. There may, however, exist other tasks that share these same 

criteria, as well as yet other tasks for which these criteria are not as relevant. Such tasks 
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may possess their own specific criteria. For example, in a military conflict task, the 

most salient goal may be to get different sides of a conflict to stop fighting or to prevent 

the different sides of a conflict from beginning fighting in the first place. Determination 

of the proper solution criteria, therefore, should be carefully evaluated for each new task. 

Another important attribute of this decomposition for the present research is matching 

the number of solution criteria between the two tasks. Having the same number of 

solution criteria allows improved comparison of the proposed manipulations across the 

two problem tasks. 

As outlined above, each problem task has five solution criteria that must be 

addressed in order to solve the problem. In order to create meaningful manipulations of 

the facilitation patterns with respect to the Cognitive Network Model of Creativity, four 

analogous prompts were developed from each of the five solution criteria listed above 

that guide the subjects through the creative problem solving process. With respect to the 

Diversity of Stimuli construct in the model, it is now possible to arrange at least three 

treatment conditions using the exact same set of twenty prompts simply by varying the 

order in which the stimuli are presented: homogeneous, heterogeneous, and mixed 

diversity. These patterns are outlined below. 

A homogeneous stimuli pattern (facilitation scheme A in Table I) presents the 

subjects with four consecutive prompts dealing with the same specific problem solution 

criterion before changing the topic of the prompts to a different criterion. By contrast, 

the heterogeneous pattern of stimuli (facilitation scheme B in Table 1) rotates the 

specific solution criterion queried after each prompt. Finally, in the mixed stimuli 



pattern treatment (facilitation scheme C in Table 1), the subjects receive two consecutive 

prompts from each solution criterion before moving on to the next criterion. It is 

important to note that in all three treatment conditions, the subjects receive the same 

prompts and have each solution criterion visited the same number of times. Thus, the 

only difference between the three treatments is the order in which the prompts are 

delivered. The following sections discuss the derivation of the hypotheses associated 

with each of these stimuli patterns. 

Homogeneous (A) Mixed (C) Heterogeneous (B) 
1 1 I 
I 1 2 
I 2 3 
I 2 4 
2 3 5 
2 3 1 
2 4 2 
2 4 3 
3 5 4 
3 5 5 
3 I 1 
3 I 2 
4 2 3 
4 2 4 
4 3 5 
4 3 1 
5 4 2 
5 4 3 
5 5 4 
5 5 5 

Table 1. Task solution criteria prompting patterns for each of the directed brainstorming 
treatments. 
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4.3.4 Hypotheses 

This section explains the hypotheses that accompany the model and derive from 

the three facilitation patterns outlined above. In order to help understand the proposed 

impacts of these patterns upon the solution generation process during the brainstorming 

session, the Cognitive Network Model of Creativity is repeated here. Across all 

treatments, the Quantity of Stimuli per Unit Time construct is held constant by the 

facilitation method. For example, all subjects, except those in the control condition, 

received one prompt every two minutes. Thus, the influence of this construct, while not 

irrelevant, is not manipulated and explored by the present line of investigation. 

Cognitive 
Load 

Creative 
Solutions 

Diversity 
of Stimuli 

Quantity of 
Stimuli per 
Unit Time 

Degree of 
Salient Frame 

Chunking 

Likelihood of 
Forming New 
Associations 

Associative 
Distance Between 

Salient Frames 

Figure 26. The Cognitive Network Model of Creativity. 

Each of the following discussions relating to hypotheses and stimuli patterns used 

for facilitation refers to Figure 27. This figure illustrates the curvilinear relationship that 

is predicted to exist between Diversity of Stimuli and Creativity by the Cognitive 

Network Model of Creativity. Furthermore, each of the discussions concerning the 

hypotheses introduced below are framed in relative terms. More specifically, instances 

of high or low Cognitive Load (or any other construct of the model) for any specific 
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treatment can only be discussed in terms that are relative to the other treatments, rather 

than in absolute terms. 

high 

Concentration 
of Creative 
Solutions 

low 

Diversity of Stimuli 

B 

high 

Figure 27. Proposed relationship between the concentration of creative solutions and the 
diversity of stimuli. 

4.3.4.1 Homogenous Treatment 

A homogeneous stimuli pattern (represented by Column A in Table 1) presents the 

subjects with four consecutive prompts from the same task solution criterion before 

moving on to the next criterion. In terms of the model (Figure 26), a homogeneous 

stimuli pattern represents a low Diversity of Stimuli (relative to the remaining treatments 

that are discussed shortly). As a result of this relatively low Diversity of Stimuli, 

patterns of spreading activation are likely to be more highly related to one another and 

overlap to a greater extent than will the patterns of activation in the remaining 

treatments. As a result, low Diversity of Stimuli leads to relatively short Associative 

Distances Between Salient Frames (Link #7). The overlapping pattern of spreading 

activation resulting from a low Diversity of Stimuli is also likely to allow a relatively 

high Degree of Salient Frame Chunking (Link #8) because the activated frames are 
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likely to have derived from areas of knowledge that are already related to one another. 

Due to the relatively short Associative Distances Between Salient Frames, indicating 

that these frames are already related to one another, the Likelihood of Forming New 

Associations Between these Salient Frames (Link #2) is relatively low. The short 

Associative Distances Between Salient Frames also indicates the Cognitive Load 

resulting from manipulating these frames in working memory is relatively low due to the 

similar areas in the knowledge network from which they derived (Link #5). Cognitive 

load is further reduced by the relatively high Degree of Salient Frame Chunking (Link 

#6) that can result when frames are activated from related areas of the knowledge 

network. The relatively low level of Cognitive Load results in a correspondingly larger 

amount of available cognitive resources, enabling subjects to explore more fully 

potential new relationships between currently salient frames. Thus, lowered Cognitive 

Load leads to an increased Likelihood of Forming New Associations between salient 

frames (Link #3). Despite this availability of cognitive resources, however, the 

relatively low Likelihood of Forming New Associations Between Salient Frames that 

results from the short Associative Distance Between Salient Frames (Link #2) will serve 

to limit the Creativity of the Solutions generated (Link #1). Relatively low levels of 

creativity are predicted to result when cognitive resources operate upon frames that have 

been activated from related areas of knowledge. Therefore, it is less likely that new 

associations can be formed among the currently salient frames. In summary, within the 

pool of solutions resulting from a homogeneous stimuli pattern, it is likely that relatively 
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few of them will be deemed creative. This relationship is represented by Point A in 

Figure 27. 

4.3.4.2 Heterogeneous Treatment 

In contrast to a homogeneous stimuli pattern, a heterogeneous stimuli pattern 

(represented by Column B in Table 1) presents the subjects with only one prompt from 

each task solution criterion before moving on to the next criterion. In terms of the model 

(Figure 26), a heterogeneous stimuli pattern represents a relatively high Diversity of 

Stimuii. As a result of this high Diversity of Stimuli, patterns of spreading activation are 

not as likely to be related to one another, and therefore, may not overlap at all. As a 

result, high Diversity of Stimuli leads to relatively long Associative Distances Between 

Salient Frames (Link #7). The non-overlapping patterns of spreading activation 

resulting from a high Diversity of Stimuli are also likely to lead to a relatively low 

Degree of Salient Frame Chunking (Link #8) because the activated frames are less likely 

to have derived from areas of knowledge that are related to one another. Due to the 

relatively long Associative Distances Between Salient Frames, indicating that these 

frames are not related to one another, the Likelihood of Forming New Associations 

Between these Salient Frames (Link #2) is relatively high. The long Associative 

Distances Between Salient Frames also indicates the Cognitive Load resulting from 

manipulating these frames in working memory is relatively high due to the 

discontiguous areas in the knowledge network from which they derived (Link #5). 

Furthermore, due to the increased diversity among activated frames. Cognitive Load is 

less likely to be reduced by the Degree of Salient Frame Chunking (Link #6). The high 
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level of Cognitive Load results in a relatively small amount of available cognitive 

resources, preventing subjects from fully exploring potential new relationships between 

currently salient frames. Thus, increased Cognitive Load leads to a decreased 

Likelihood of Forming New Associations between salient frames (Link #3). In this case, 

the relatively high Likelihood of Forming New Associations Between Salient Frames 

that results from the longer Associative Distances Between Salient Frames (Link #2) 

will be limited by the increased level of Cognitive Load (Link #3). Cognitive Load thus 

serves to limit the Creativity of the Solutions generated (Link #1). Relatively low levels 

of creativity are predicted to result when few cognitive resources are available to operate 

upon frames that have been activated from disparate areas of knowledge. Therefore, it is 

less likely that new associations can be formed among the currently salient frames, [n 

summary, within the pool of solutions resulting from a heterogeneous stimuli pattern, it 

is likely that relatively few of them will be deemed creative. This relationship is 

represented by Point B in Figure 27. 

4.3.4.3 Mixed Treatment 

In the mixed stimuli pattern treatment (represented by Column C in Table I), the 

subjects receive two consecutive prompts from each task solution criterion before 

moving on to the next criterion. In terms of the model (Figure 26) and relative to the 

homogeneous and heterogeneous treatments described above, the mixed stimuli pattern 

represents a moderate level of Diversity of Stimuli. Stimuli that are moderately diverse 

will provide a moderate Associative Distance Between Salient Frames (Link #7), and 

allow a moderate Degree of Salient Frame Chunking (Link #8). A moderate level of 
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Associative Distance Between Salient Frames will lead to a correspondingly moderate 

Likelihood of Forming New Associations Between Distant Salient Frames (Link #2), 

along with a moderate level of overall Cognitive Load (Link #5). This moderate Degree 

of Salient Frame Chunking will also contribute to a moderate level of Cognitive Load 

(Link #6). While there exists a moderate Likelihood of Associating Distant Salient 

Frames, Cognitive Load is at moderate levels. Thus while there is a relatively moderate 

scope of activated frames, there are also moderate cognitive resources available to 

process them (Link #3). The overall predicted effect is for relatively higher levels of 

creativity (Link #1) for solutions generated using a mixed prompting pattern than when 

homogenous or heterogeneous prompting patterns are used. Point C in Figure 27 above 

illustrates this relationship. 

So far, it has been argued that both homogenous stimuli and heterogeneous stimuli 

will produce similar results: solutions that are relatively less creative. While this 

outcome may seem to indicate a non-interesting linear relationship, the model posits a 

curvilinear relationship between the diversity of stimuli and the resulting creativity of 

the solutions. For example, consider the three treatments described above. The 

homogeneous prompting strategy is likely to yield comparatively greater availability of 

cognitive resources, but there will be relatively little diversity for these resources to 

operate upon. With the heterogeneous prompting strategy, subjects will have 

comparatively greater diversity of frame activation, but will also have comparatively 

fewer available cognitive resources to explore the aforementioned diversity. In 

comparison, the mixed prompting strategy will result in greater diversity of frame 
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activation than will the homogeneous prompting strategy and will also result in greater 

availability of cognitive resources than will the heterogeneous prompting strategy. Thus, 

the mixed prompting strategy is proposed to have some of the primary benefit from each 

of the other two prompting strategies. The prediction for the mixed prompting strategy, 

therefore, is for solutions that are more creative than those that result from either the 

homogenous or the heterogeneous strategy (see Figure 27). Note there are many other 

variations that will result in a "mix" of homogeneous and heterogeneous prompts (for 

example, 2 prompts per topic in a row, 3 prompts per topic in a row,...). These various 

patterns can be illustrated simply by selecting some random point along the "Diversity of 

Stimuli" axis in Figure 27. For now, however, the present study investigates points A, 

B, and C in an attempt to verify the curvilinear nature of this relationship. 

Comparisons based upon the raw number of creative or non-creative solutions, 

however, are not likely to be very meaningful, as there is no guarantee the treatments 

described above will result in an equivalent number of solutions. Therefore, in order to 

obtain a meaningful comparison of the resulting solutions, it is necessary to use a 

relative measure such as the concentration of solutions that are deemed creative. Thus, 

the total number of solutions generated by each group will divide the number of 

solutions that are deemed creative. With this understanding, the first two hypotheses are 

the following: 

Hypothesis #1: Groups participating in the mixed facilitation treatment will 

generate a greater concentration of creative solutions than will 

groups participating in the homogeneous facilitation treatment. 
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Hypothesis #2: Groups participating in the mixed facilitation treatment will 

generate a greater concentration of creative solutions than will 

groups participating in the heterogeneous facilitation treatment. 

Finally, there is one caveat that must be mentioned concerning the derivation of 

the above hypotheses with respect to the Cognitive Network Model of Creativity (Figure 

26). It is currently unclear which construct of the model. Likelihood of Forming New 

Associations or Cognitive Load, will have the larger impact upon the resulting 

concentration of creative solutions. As the model is presented, the impact of these two 

constructs upon the creativity of the solutions is approximately equal. Determining 

which of these two constructs will have the larger impact upon the creativity of the 

solutions is beyond the scope of the present study and makes an excellent topic for 

further research. 

4.3.4.4 Control Treatment 

For the control treatment, no facilitation occurs at all. Rather, each member 

interacts only with the other members of the group while brainstorming. Instead of 

using Osbom's four rules for brainstorming, subjects in the control treatment follow an 

alternative set of instructions. The subjects are instructed to interact with the solutions 

contributed by other members of their group in one of three ways: 

1. Expand on the solution, adding details. 

2. Argue with the solution. 

3. Contribute a completely new solution. 
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Given the vast amount of previously cited research that demonstrates inefficiencies 

of unaided brainstorming and problem solving (Adams et al., 1988; Birch & Rabinowitz, 

1951; Connolly et al., 1993; Dunker, 1945; Gettys et al., 1987; Gick & Holyoak, 1983; 

Giddens, 1984; Lamm & Trommsdorff, 1973; Maier, 1931; Maier, 1970; Perfetto et al., 

1983; Reed et al., 1974; Spencer & Weisberg, 1986; Stasser, 1999; Weisberg et al., 

1978), it is expected that groups in the control treatment will exhibit inferior 

performance when compared to groups in each of the facilitated treatments. Therefore, 

the final hypothesis contains three parts: 

Hypothesis #3a: Groups participating in the homogeneous facilitation treatment 

will generate a greater concentration of creative solutions than 

will groups participating in the control treatment. 

Hypothesis #3b: Groups participating in the mixed facilitation treatment will 

generate a greater concentration of creative solutions than will 

groups participating in the control treatment. 

Hypothesis #3c: Groups participating in the heterogeneous facilitation treatment 

will generate a greater concentration of creative solutions than 

will groups participating in the control treatment. 

4.3.4.5 Determining Prompt Order 

The exact order of task solution criteria used for the facilitation prompts given to 

the treatment groups was determined using a computer generated pseudo-random 

number sequence. Each number in the sequence indicates the corresponding task 

solution criterion (from the list above) from which each prompt derives. In order to 
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create the heterogeneous facilitation strategy, it is necessary to rotate the topic of the 

prompt after each prompt is given. Furthermore, when identical sequential numbers 

were found in the random stream, the duplicates were simply removed. This rotation 

insures that no two sequential prompts are derived from the same solution criterion. A 

total of 20 prompts were given to all subjects in the heterogeneous condition, one from 

each solution criterion in the order listed below: 

1, 4, 2, 3, 4, 5, 3, 2, 1, 5, 2, 4, 5, 3, 1, 5, 1, 3, 2, 4 

For the mixed strategy, two prompts were delivered from each solution criterion 

indicated by the random number stream before switching to the next solution criterion. 

By fortuitous (and pseudo-random) coincidence, each of the five task solution criteria 

appears exactly twice within the first ten digits of the above random number stream, 

thereby allowing the same order to be preserved across treatments. In this case, a total 

of twenty prompts were given to all subjects in the mixed condition, two in a row from 

each solution criterion listed below: 

1,4, 2,3,4,5,3,2, 1,5 

For the homogeneous strategy, four prompts were delivered from each task 

solution criterion in the random number stream before switching to the next criterion. 

The sequence of solution criteria used the same random number sequence as above (note 

that the second occurrence of the fourth criterion has been removed). A total of 20 

prompts were given to all subjects in the homogeneous condition, four in a row from 

each solution criterion listed below: 

1,4, 2,3,5 
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Note that for each strategy described above (homogeneous, heterogeneous, and 

mixed) the task solution criteria from which the prompts derive follow the same order. 

In other words, the order of facilitation prompts for the homogeneous strategy follows 

the same order of the beginning facilitation prompts for the mixed strategy, and the order 

of facilitation prompts for the mixed strategy follows the same order of the beginning 

facilitation prompts for the heterogeneous strategy. In all conditions, the order of task 

solution criteria presentation to subjects remains fixed. 

4.4 Methods 

This section provides details concerning the experimental methods used to carry 

out the creative problem solving brainstorming sessions described above for both the 

Gompin Crisis and School of Business tasks. 

4.4.1 Procedure 

Subjects participated for course credit and were randomly assigned to each 

treatment condition. The subjects were arranged into groups consisting of four 

individuals each, as described in the Treatments and Independent Variables section 

above. The facilitators (reading from a prepared script to minimize experimenter 

effects) then greeted the subjects and had each sign a participation consent form. Still 

reading from the script, the facilitators introduced the subjects to the computer 

equipment in the room. Subjects were subsequently instructed on the use the electronic 

brainstorming software and were lead through a "warm up" EBS exercise that lasted 

approximately five minutes. The EBS software was configured such that each 

interactive group of four subjects had five brainstorming discussion sheets upon which 
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to record their solutions to the problem task. Setting up one more sheet than there are 

members in the group insured that each member would always be able to exchange their 

current sheet for a new sheet after contributing their solution. 

Immediately following the warm up task, each subject received two handouts from 

the facilitator. The first handout contained a random five digit number that was used to 

identify all of the contributions made by each subject while still preserving anonymity. 

The second handout contained the task sheet describing either the School of Business 

task or the Gompin Crisis task, depending upon the specific treatment. The facilitator 

introduced the subjects to the task and allowed five minutes for them to read the task 

description. After questions about the task (if any) were answered, the facilitator started 

the brainstorming tool for the participants who then brainstormed for a period of exactly 

forty minutes. For the control groups, no further interaction took place between the 

subjects and the facilitator until the end of the forty minute period. The control subjects 

interacted with one another in the manner described in the control treatment above. For 

the treatment groups, one directed brainstorming prompt was read aloud and 

simultaneously displayed on a large public screen in the front of the room every two 

minutes. A wrist watch with a second hand was used to time the delivery of the 

prompts. Subjects were instructed to listen to the prompt, type in a corresponding 

solution, exchange their electronic sheets, and then read the new solutions appearing on 

the newly exchanged sheets. It was particularly important to emphasize the necessity for 

subjects to read the solutions contributed by the other group members as they worked. 

Recall that the failure to find experimental effects in previous brainstorming studies such 
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as that performed by Connolley et al. (1993) have been explained by Dugosh et al. 

(2000) when they indicated that subjects could simply have ignored the stimuli as they 

appeared on the screen of the EBS tool because they were not instructed to read them. 

The brainstorming session continued in this fashion until ail twenty prompts were read, 

one every two minutes, for a total time of forty minutes. For each of the treatment 

conditions, all groups received exactly the same prompts. The only thing that varied 

between treatments was the specific ordering of the prompts that is necessary to achieve 

the homogeneous, mixed, and heterogeneous facilitation patterns. 

At the conclusion of the forty minute brainstorming period, the facilitator stopped 

the EBS software and distributed a short questionnaire. The specific contents of the 

questionnaire were derived from Dennis et al. (1996) and Briggs and De Vreede (1997). 

After collecting the questionnaires, the subjects were thanked and released. Electronic 

transcripts from each group were then created and stored on a disk. To prepare this data 

for analysis, redundant and off-topic comments were removed from the transcript of 

each group. The remaining solutions were then pooled across all treatment conditions 

for each of the two tasks. Due to the large size of the data pool for each task 

(approximately 1,400 solutions), the data from each task was divided into two halves, 

each with an equal cross section of solutions from each of the four experimental 

conditions (control, homogeneous, mixed, and heterogeneous). Each of these "halves" 

was then distributed among domain experts in the respective fields (natural disaster 

relief and public university administration) for scoring as recommended by the 
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consensual assessment technique (Amabile, 1982) and by personal communication with 

the author of the technique concerning this particular experiment. 

4.4.2 Dependent Variable and Data Collection 

The data points of interest for this study are the individual solutions typed into the 

EBS by the members of the different interactive groups. For each of the two problem 

solving tasks, there were four conditions: the control, the homogeneous facilitation 

pattern, the heterogeneous facilitation pattern, and the mixed facilitation pattern. Thus, 

there are eight data collection cells as shown below (Table 2). 

Data Collection Control Homogeneous Mixed Heterogeneous 
Gompin Crisis 5 10 9 12 

School of Business 4 7 7 7 

Table 2. Number of groups in each data collection cell. 

The configuration of the EBS tool allows each solution to be automatically 

recorded, sequentially numbered, and time stamped. The dependent variable is the 

creativity score assigned to each solution by the domain experts. Multiple field experts 

from the respective domains for each task served as the expert judges who scored each 

solution. The qualifications of these judges are listed in the following section dealing 

with data analysis. 

4.4.3 Data Analysis 

The data analysis for this study takes place in three stages. First, redundant 

solutions within each group along with non-solutions (responses that pose another 

question rather than addressing the facilitation prompt) and solutions that are off-topic 
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(those that do not address the problem task at all) are removed. Thus, only non-

redundant, on-task solutions move on to subsequent stages of analysis. In the second 

stage, each solution generated by the groups is scored along a five-point Likert Scale for 

creativity and for technical feasibility as called for by the Consensual Assessment 

Technique (Amabile, 1982). This method of creative product judgment has five 

operational requirements: 

1. The judges should all have some experience with the domain being assessed. 

2. The judges need to assess the products independently (for example, work on 

their own). 

3. The judges should assess each solution on at least one other dimension in 

addition to creativity (for example, technical feasibility). 

4. Judges should rate the products relative to one another as opposed to rating 

them relative to the greatest works ever produced in that domain. 

5. Each judge should view the products in a different random order. 

To meet the above criteria, the data sets for each task were sorted into different 

random orders and distributed to domain experts for scoring. Four members of the 

American Red Cross served as expert judges for the Gompin Crisis task. The experts 

that scored the solutions from the School of Business task include one vice-dean and two 

members of the Academic Planning and Review Department from the University of 

Arizona, and one full professor from San Diego State University who has extensive 

administrative experience (additional details on the qualifications of the individuals that 

served as expert judges can be found in Appendix C). The experts scored each solution 
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according to its creativity and its technical feasibility. The creativity and feasibility 

scores provided by the different experts for each solution were then averaged. The final 

stage of data analysis involves performing statistical analysis on the scores to compare 

the effects of the different facilitation patterns across the experimental treatments. 

Runco and Bahleda (1986) argue that this form of social validation is based on the 

idea that implicit theories in which experts each provide their own evaluation derived 

from their experiences have more ecological validity than do explicit theories that 

provide specific criteria against which to judge products. In this manner, judgments 

given by significant individuals have more real-world contextual relevance than do 

purely objective examinations. Amabile (1982) argues that this assessment technique 

mimics real-world evaluations of creative work. The consensual assessment technique 

thus represents an ecologically valid methodology that can produce clear and reliable 

subjective judgments of creativity. 

4.4.4 Expected results 

Results are expected to verify the curvilinear relationship depicted in Figure 27 

and represented in the hypotheses presented above. In summary, groups receiving the 

mixed facilitation pattern while brainstorming will produce a higher concentration of 

creative solutions than will groups receiving either the homogeneous or heterogeneous 

facilitation patterns. No specific prediction has been made concerning the concentration 

of creative solutions between homogeneous and heterogeneous facilitation patterns. 

Chapter 5 provides the statistical analysis of the experimental results. 
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CHAPTER 5 - RESULTS 

The previous chapter detailed the experimental methods that were employed to 

evaluate the Cognitive Network Model of Creativity. This chapter explains the 

statistical methods used to evaluate the hypotheses derived from the model based upon 

the data gathered during the experiments described in Chapter 4. 

5.1 Inter Rater Reliability 

Since multiple experts scored the solutions to the problem solving tasks, it is first 

necessary to determine the extent to which the experts are in agreement with one 

another. Evaluating the inter rater reliability for these experts first necessitates an 

understanding of the background and experience of the experts. Four State Disaster 

Specialists from the American Red Cross and two researchers trained in the area of crisis 

response by United States Navy served as field experts for the Gompin Crisis Task. 

These six field experts have an average of 15.4 years of experience dealing with natural 

disaster scenarios similar to those represented in the Gompin Crisis task. The experts 

that scored the solutions from the School of Business task include one vice-dean and two 

members of the Academic Planning and Review Department from the University of 

Arizona, and one full professor from San Diego State University who has extensive 

administrative experience. These four field experts have an average of 17.6 years of 

experience dealing with issues similar to those presented in the School of Business task. 

Additional details about the expert judges and their contact information can be found in 
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Appendix C. The following section discusses the statistical tes: used to determine the 

inter rater reliability for the experts that scored the solutions. 

5.1.1 Inter-rater reliability for the Gompin Crisis Task 

Due to the large size of the data set from the Gompin Crisis task that needed to be 

scored (1,560 solutions), the data was partitioned into two halves. Each half of the data 

contained solutions from the control condition as well as each of the three treatments, 

thereby allowing the experts to judge solutions from a cross section of the entire 

experiment. Thus, the first data set (the first half of the data) contained half of the 

solutions from the control condition, half of the solutions generated in the homogeneous 

treatment, half of the solutions generated in the mixed treatment, and half of the 

solutions generated in the heterogeneous treatment. Correspondingly, the second data 

set contained the second half of the solutions generated by subjects in the control 

condition and each of the remaining treatments. The first two natural disaster experts 

scored all of the solutions from the Gompin Crisis task. The third and fourth experts 

scored solutions in the first data set (first half of all treatments), while the fifth and sixth 

experts scored solutions in the second data set (second half of all treatments). All 

solutions were scored on a 1-5 Likert scale in which a score of 1 indicates not creative 

and a score of 5 indicates very creative. The averages and standard deviations for each 

of the experts are indicated in Table 3. 

To assess the inter rater reliability among the experts who evaluated solutions for 

the Gompin Crisis task, two different Pearson's Bivariate Correlational Analyses were 

performed. The first correlation calculated the inter rater reliability among experts who 
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scored the first data set (shown in Table 4), while the second correlation calculated the 

inter rater reliability among experts who scored the second data set (shown in Table 5). 

All correlations are significant (p <.001). 

Rater Mean Std. Deviation 
Expert#! 2.799 1.111 
Expert #2 1.994 0.909 
Expert #3 2.783 1.185 
Expert #4 2.111 1.009 
Expert #5 2.583 1.088 
Expert #6 2.602 1.016 

Table 3. Means and standard deviations for creativity scores provided by the expert 
judges for the Gompin Crisis task. 

Expert #1 Expert #2 Expert #3 Expert #4 
Expert #1 1.000 .895' .905' .834' 
Expert #2 1.000 .863' .867' 
Expert #3 1.000 .869' 
Expert #4 1.000 

' Correlations are significant, two tailed, p <0.001 

Table 4. Inter rater reliabilities among the expert judges for the first data set from the 
Gompin Crisis task. 

Expert #1 Expert #2 Expert #5 Expert #6 
Expert #1 1.000 .910' .900' .893' 
Expert #2 1.000 .846' .840' 
Expert #5 1.000 .874' 
Expert #6 1.000 

' Correlations are significant, two tailed, p < 0.(X)1 

Table 5. Inter rater reliabilities among the expert judges for the second data set from the 
Gompin Crisis task. 
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Thus, each set of experts exhibits a high degree of inter rater reliability for 

creativity scores for the solutions generated in response to the Gompin Crisis task. 

5.1.2 Inter-rater reliability for the School of Business Task 

For the School of Business task, the 1,345 solutions were partitioned into two data 

sets in the same manner as that used for the Gompin Crisis task. All solutions were 

scored for creativity using the same I to 5 Likert scale that was used for the Gompin 

Crisis task. 

Rater Mean Std. Deviation 
Expert #1 2.941 0.886 
Expert #2 2.098 0.943 
Expert #3 2.348 1.045 
Expert #4 2.321 1.050 

Table 6. Means and standard deviations for creativity scores provided by the expert 
judges for the School of Business task. 

To assess the inter rater reliability, two different correlational analyses were 

performed. The first correlation calculated the inter rater reliability among experts who 

scored the first data set, while the second correlation calculated the inter rater reliability 

among experts who scored the second data set. Mean and Standard Deviations for each 

of the experts are presented in Table 6. The correlation between the first two experts is 

0.871, and the correlation between the third and fourth experts is 0.904. Both 

correlations are significant (p< 0.001). Thus, each set of experts exhibit a high degree of 

inter rater reliability for scores of creativity for the solutions generated in response to the 

School of Business task. 
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5.2 Differentiating Creativity and Feasibility 

It is also important to demonstrate that the expert judges were able to differentiate 

creativity from some other construct that they may have been thinking about while 

scoring solutions for creativity. All solutions from both experimental tasks were also 

given a score for Technical Feasibility that ranged from 1 for not technically feasible to 

5 which means very technically feasible. Under ideal circumstances, the experts would 

assess both creativity and technical feasibility using a variety of constructs that would 

then be subject to factor analysis. Due to the large size of the data sets (1,560 solutions 

for the Gompin Crisis task and 1,345 solutions for the School of Business task), 

however, the amount of time and energy that scoring along more than two dimensions 

would require from the volunteer experts was prohibitive. Therefore, this section 

presents the correlation analysis and paired samples t-test results between the creativity 

and feasibility scores for the Gompin Crisis and the School of Business data sets. 

Data Set Creativity Feasibility Corr t df Data Set 
Mean Std Dev Mean Std Dev 

Gompin 1 2.422 1.002 2.190 0.981 .604' 7.604- 841 
Gompin 2 2.445 0.962 2.092 0.853 .539' 10.828- 723 

SOB I 2.516 0.905 2.045 0.894 .578' 12.518- 697 
SOB 2 2.370 1.066 2.025 0.932 .704' 10.026" 646 
'Significant at the a pha = 0.01 evel, " Significant at the alpha = 0.005 level 

Table 7. Correlations between creativity and feasibility scores for both problem solving 
tasks. 

5.2.1 Creativity and Feasibility Scores for the Gompin Crisis 

The correlations between creativity and feasibility scores for each solution from 

the first and second data sets of the Gompin Crisis task are 0.604 and 0.539, 

respectively. While both of these correlations are significant (p<0.00l), they represent 
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only modest correlations. To test for statistical differences between the creativity and 

feasibility scores for each solution, a paired samples t-test was performed. The results 

for both data sets indicate that the mean of the creativity scores is statistically different 

from the mean of the feasibility scores [t=7.604 and t=10.828, p<.005, two-tailed, 

respectively, see Table 7]. Thus, it appears that the experts in natural disaster response 

were able to differentiate the constructs of creativity and technical feasibility. 

5.2.2 Creativity and Feasibility Scores for the School of Business 

The correlations between creativity and feasibility scores for each solution from 

the first and second data sets of the School of Business task are 0.578 and 0.704, 

respectively. While both of these correlations are significant (p<.001), they represent 

modest correlations. To test for statistical differences between the creativity and 

feasibility scores for each solution, a paired samples t-test was performed. The results 

for both data sets indicate that the mean of the creativity scores is statistically different 

from the mean of the feasibility scores [t=12.5l8 and t=10.026, p<.005, two-tailed, 

respectively, see Table 7], Thus, it appears that the experts in public university 

administration were able to differentiate between the constructs of creativity and 

technical feasibility. 

5.3 Hypothesis Testing 

This section presents the statistical analysis used to test the hypotheses presented 

in Chapter 4. For convenience, the hypotheses are repeated below. 
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Hypothesis #1: Groups participating in the mixed facilitation treatment (T2) will 

generate a higher concentration of creative solutions than will 

groups participating in the homogeneous facilitation treatment 

(Tl). 

Hypothesis #2: Groups participating in the mixed facilitation treatment (T2) will 

generate a higher concentration of creative solutions than will 

groups participating in the heterogeneous facilitation treatment 

(T3). 

Hypothesis #3a: Groups participating in the homogeneous facilitation treatment 

(Tl) will generate a higher concentration of creative solutions 

than will groups participating in the control treatment (C). 

Hypothesis #3b: Groups participating in the mixed facilitation treatment (T2) will 

generate a higher concentration of creative solutions than will 

groups participating in the control treatment (C). 

Hypothesis #3c: Groups participating in the heterogeneous facilitation treatment 

(T3) will generate a higher concentration of creative solutions 

than will groups participating in the control treatment (C). 

5.3.1 Tests for Normality 

To evaluate the hypotheses listed above, an analysis of variance was used to look 

for differences between treatment means. Before performing the analysis of variance, it 

was necessary to demonstrate that the data follow a normal distribution. Since the 

hypotheses make comparisons between the treatments, the unit of analysis for hypothesis 
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testing is the concentration of creative solutions generated by the groups within each 

treatment. Determining the concentration of solutions that are deemed creative requires 

the establishment of a "creativity threshold value." To determine whether any given 

solution is creative, the individual creativity scores provided by the four experts were 

averaged for each solution. When this average creativity score equals or exceeds the 

"creativity threshold" value, that particular solution is considered to be creative. Thus, it 

is relatively straightforward to determine the concentration of creative solutions for each 

group by dividing the number of creative solutions by the respective total number of 

unique solutions. For this analysis, a creativity threshold value of 3.5 on a five point 

Likert scale was chosen (sensitivity analysis is later performed using different threshold 

values). Thus, for the following analysis, a solution is considered creative when the 

average creativity score from the four experts is equal to or greater than 3.5. 

The tests for divergence from Normal involved the Kolmogorov-Smimov and 

Shapiro-Wilk tests. Results for the Gompin Crisis task and School of Business task are 

presented in Table 8 and Table 9, respectively. 

Treat Kolmogorov-
Smimov 

df P Shapiro-
Wilk 

df P 

C .172 5 .200 .947 5 .655 
I .315 10 .006 .744 10 .010 
2 .267 9 .063 .781 9 .016 
3 .116 12 .200 .982 12 .969 

Table 8. Tests of Normality for the Gompin Crisis creativity data, creativity threshold = 
3.5 



209 

Treat Kolmogorov-
Smimov 

df P Shapiro-
Wilk 

df P 

C .278 4 , 

I .231 7 .200 .910 7 .420 
2 .216 7 .200 .895 7 .355 
3 .163 7 .200 .974 7 .917 

Table 9. Tests of Normality for the School of Business creativity data, creativity 
threshold = 3.5 

For the Gompin Crisis task, the Kolmogorov-Smimov tests indicate that for all 

treatments, the computed test statistics are less than the critical value [smallest critical 

value = 0.449, df=12, two-tailed, p<O.Gl]. The relatively weak significance levels are 

due primarily to the small degrees of freedom; the Kolmogorov-Smimov test is 

primarily designed for testing much larger data sets. For the Shapiro-Wilk test, the 

computed statistic for both sets of experts is sufficiently close to one, indicating that the 

distributions are essentially Normal. For the control treatment (C) and heterogeneous 

facilitation treatment (T3), the significance level of the Shapiro-Wilk test is greater than 

the critical value of 0.05. The low significance levels of the Shapiro-Wilk test for both 

the homogeneous (Tl) and mixed (T2) facilitation treatments are a result of the small 

sample size. An analysis of the Normal Q-Q Plots of concentration for the treatments 

reveal the distribution to be essentially Normal. Thus, using the creativity threshold 

value of 3.5 for the Gompin Crisis task, there is no compelling evidence to suggest that 

the distribution of creative solution concentrations is not Normal. An analysis of the 

data for the School of Business task presented in Table 9 [smallest critical value = 0.576, 
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df=7, two-tailed, p<O.Ol] similarly indicates no compelling evidence to suggest that the 

concentration of creative solutions deviates from Normal. The small sample size for the 

control treatment (C) in the School of Business task rendered the Shapiro-Wilk test 

ineffective. 

5.3.2 Fixed Factors and Interaction Effects 

After the Normality of the concentration of creative solutions data was determined, 

a multi-way analysis of variance was performed to look for differences in the mean 

creativity concentrations among the control group and treatments. A multi-way analysis 

of variance was used due to the existence of three possible fixed factors that could have 

influenced the concentration of creative solutions generated by the groups. The possible 

fixed factor effects include the treatment in which the subject participated, the facilitator 

that ran the treatment, and finally, the set of experts that scored the solutions. Thus, 

multi-way analysis of variance procedures were used to test for differences in the 

treatment means that could have resulted from any of these factors or any of their 

interactions. 

For the Gompin Crisis task, the only significant effect was a result of the treatment 

[F(2,10)=19.4, p<0.00i]. The treatment effect accounted for eighty percent of the 

variance in the concentration of creative solutions [eta-squared = 0.795]. No other factor 

effects were found. 

For the School of Business task, the only significant effect found was again a 

result of the treatment [F(3,10)=3.573, p<0.055]. The effect of treatment accounted for 
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fifty two percent of the variance in the concentration of creative solutions [eta-squared = 

0.517]. No other effects were found. 

5.3.3 Analysis of Variance 

Since the multi-way analysis of variance revealed that the effect upon 

concentration of unique solutions was due only to the treatment, a one-way analysis of 

variance was run to further investigate the impact of treatment upon the concentration of 

creative solutions for both tasks. 

Threshold Control Homogenous Mixed Heterogeneous 
2.50 0.59 0.68 0.47 0.66 
2.75 0.38 0.55 0.29 0.53 
3.00 0.19 0.38 0.15 0.40 
3.25 0.13 0.32 0.11 0.34 
3.50 0.09 0.26 0.08 0.28 
3.75 0.04 0.18 0.04 0.18 
4.00 0.02 0.10 0.02 0.11 
4.25 0.02 0.06 0.01 0.06 
4.50 0.01 0.04 0.01 0.03 
4.75 0.01 0.00 0.00 0.01 
5.00 0.00 0.00 0.00 0.00 

Table 10. Concentration of creative solutions for the Gompin Crisis task. 

For the Gompin Crisis task, the results of the one-way analysis of variance indicate 

that treatment had a significant impact upon the concentration of creative solutions and 

that the treatment means were not the same [F(3,32)=21.295, p<.001]. The actual 

concentration of creative solutions for each of the various creativity threshold values and 

for each of the experimental conditions in the Gompin Crisis task is presented in Table 

10. This effect is significant (p<0.01). A post-hoc Tukey analysis revealed the 

following relationships among the treatments: 
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• The concentration of creative solutions resulting from the mixed facilitation 

treatment was significantly less than the concentration of creative solutions 

that resulted from the homogeneous facilitation treatment [Mean Difference = -

0.1791, p<.00l]. Thus, Hypothesis #l received no support. 

• The concentration of creative solutions resulting from the mixed facilitation 

treatment was significantly less than the concentration of creative solutions 

that resulted from the heterogeneous facilitation treatment [Mean Difference = 

-0.2103, p<.001]. Thus, Hypothesis #2 received no support. 

• The concentration of creative solutions resulting from the homogeneous 

facilitation treatment was significantly greater than the concentration of 

creative solutions that resulted from the control treatment [Mean Difference = 

0.1500, p=.002]. Thus, Hypothesis #3a is supported. 

• There was no statistical difference between the concentration of creative 

solutions resulting from the mixed facilitation treatment and the concentration 

of creative solutions that resulted from the control treatment [Mean Difference 

= -0.0291, p=.837]. Thus, Hypothesis #3b is not supported. 

• The concentration of creative solutions resulting from the heterogeneous 

facilitation treatment was significantly greater than the concentration of 

creative solutions that resulted from the control treatment [Mean Difference = 

0.1812, p<.001]. Thus, Hypothesis #3c is supported. 

Thus, for the Gompin Crisis task, the only hypotheses that received support are 

Hypotheses 3a and 3c. 
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Threshold Control Homogenous Mixed Heterogeneous 
2.50 0.36 0.61 0.46 0.58 
2.75 0.31 0.45 0.23 0.44 
3.00 0.28 0.44 0.21 0.43 
3.25 0.23 0.29 0.12 0.31 
3.50 0.08 0.28 0.12 0.30 
3.75 0.03 0.15 0.04 0.13 
4.00 0.02 0.14 0.03 0.12 
4.25 0.01 0.05 0.01 0.07 
4.50 0.00 0.04 0.01 0.07 
4.75 0.00 0.00 0.00 0.00 
5.00 0.00 0.00 0.00 0.00 

Table 11. Concentration of creative solutions for the School of Business task. 

For the School of Business task, the results of the one-way analysis of variance 

indicate that treatment had a significant impact upon the concentration of creative 

solutions, and that the treatment means were not the same [F(3,21)=8.205, p<.00l]. The 

actual concentration of creative solutions for each of the various creativity threshold 

values and for each of the experimental conditions in the School of Business task is 

presented in Table II. A post-hoc Tukey analysis revealed the following relationships 

among the treatments: 

• The concentration of creative solutions resulting from the mixed facilitation 

treatment was significantly less than the concentration of creative solutions 

that resulted from the homogeneous facilitation treatment [Mean Difference = -

0.1586, p=.027]. Thus, Hypothesis #I received no support. 
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• The concentration of creative solutions resulting from the mixed facilitation 

treatment was significantly less than the concentration of creative solutions 

that resulted from the heterogeneous facilitation treatment [Mean Difference = 

-0.1943, p=.006]. Thus, Hypothesis #2 received no support. 

• The concentration of creative solutions resulting from the homogeneous 

facilitation treatment was significantly greater than the concentration of 

creative solutions that resulted from the control treatment [Mean Difference = 

0.1954, p=.020]. Thus, Hypothesis #3a is supported. 

• There was no statistical difference between the concentration of creative 

solutions that resulted from the mixed facilitation treatment and the 

concentration of creative solutions that resulted from the control treatment 

[Mean Difference = 0.0367, p=.929]. Thus, Hypothesis #3b is not supported. 

• The concentration of creative solutions resulting from the heterogeneous 

facilitation treatment was significantly greater than the concentration of 

creative solutions that resulted from the control treatment [Mean Difference = 

0.2311, p=.005]. Thus, Hypothesis #3c is supported. 

Thus, like the Gompin Crisis task, the only hypotheses that received support in the 

School of Business task are Hypotheses 3a and 3c. 

5.3.4 Sensitivity Analysis 

Since it is likely that the results presented above may depend upon the specific 

creativity threshold value chosen (for example, 3.5 in the above discussion), a sensitivity 

analysis was performed. Thus, the sensitivity analysis essentially repeated the tests of 
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Normality, analyses of variance, and post-hoc Tukey that were presented above with 

creativity threshold values of 2.5, 2.75, 3.0, 3.25, 3.5, 3.75, 4.0, 4.25, and 4.5. Results of 

the sensitivity analysis for the Gompin Crisis data appear in the Table 12, while results 

for the School of Business appear in Table 13. 

Thus, for the Gompin Crisis task, the Kolmogorov-Smimov test provides no 

compelling evidence that the data do not follow the Normal distribution (see Table 12). 

All calculated statistics are less than the smallest critical value of 0.449, two-tailed, for 

12 degrees of freedom, p<0.01. The Shapiro-Wilk test indicates that there are 10 

instances in which the p-value is below the 0.05 critical value, suggesting that there may 

be several cases where the concentrations of creativity may depart from a Normal 

distribution. It is important to keep in mind, however, that the extremely small sample 

size for each of these tests may make the determination of Normality more prone to 

error. Again, Normal Q-Q plots of concentration for the treatments reveal the 

distributions to be essentially Normal. The small sample size also results in low 

statistical power. 
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Creativity 
Threshold 

Treat Kolmogorov-
Smimov 

df P Shapiro-
Wilk 

df P 

2.50 C .223 5 .200 .866 5 .297 2.50 
T1 .123 10 .200 .978 10 .952 

2.50 

T2 .185 9 .200 .948 9 .643 

2.50 

T3 .104 12 .200 .972 12 .890 
2.75 TC .261 5 .200 .809 5 .109 2.75 

T1 .206 10 .200 .888 10 .210 
2.75 

T2 .162 9 .200 .944 9 .596 

2.75 

T3 .214 12 .137 .871 12 .076 
3.00 C .291 5 .192 .857 5 .269 3.00 

T1 .205 10 .200 .874 10 .132 
3.00 

T2 .201 9 .200 .886 9 .240 

3.00 

T3 .125 12 .200 .973 12 .901 
3.25 C .238 5 .200 .976 5 .873 3.25 

T1 .201 10 .200 .943 10 .556 
3.25 

T2 .263 9 .072 .761 9 .010 

3.25 

T3 .152 12 .200 .958 12 .694 
3.50 C .172 5 .200 .947 5 .655 3.50 

T1 .315 10 .006 .744 10 .010 
3.50 

T2 .267 9 .063 .781 9 .016 

3.50 

T3 .116 12 .200 .982 12 .969 
3.75 C .300 5 .161 .829 5 .175 3.75 

T1 .209 10 .200 .961 10 .768 
3.75 

T2 .305 9 .016 .782 9 .017 

3.75 

T3 .197 12 .200 .920 12 .344 
4.00 C .258 5 .200 .702 5 .016 4.00 

T1 .155 10 .200 .934 10 .479 
4.00 

T2 .321 9 .008 .650 9 .010 

4.00 

T3 .301 12 .004 .893 12 .169 
4.25 C .243 5 .200 .831 5 .183 4.25 

T1 .132 10 .200 .952 10 .670 
4.25 

T2 .375 9 .001 .635 9 .010 

4.25 

T3 .258 12 .027 .853 12 .044 
4.50 C .360 5 .033 .722 5 .024 4.50 

T1 .167 10 .200 .941 10 .540 
4.50 

T2 .447 9 .000 .528 9 .010 

4.50 

T3 .136 12 .200 .937 12 .461 
C= control, Tl= liomogeneous, T2=mixed, T3= heterogeneous 

Table 12. Test for Normality for the Gompin Crisis creativity data. 
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Creativity 
Threshold 

Treat Kolmogorov 
-Smimov 

df P Shapiro-
Wilk 

df P 

2.50 C .295 4 2.50 
T1 .203 7 .200 .906 7 .402 

2.50 

T2 .166 7 .200 .914 7 .440 

2.50 

T3 .159 7 .200 .951 7 .707 
2.75 C .243 2.75 

T1 .293 7 .070 .896 7 .356 
2.75 

T2 .233 7 .200 .936 7 .572 

2.75 

T3 .203 7 .200 .945 7 .653 
3.00 C .203 3.00 

T1 .346 7 .011 .798 7 .046 
3.00 

T2 .184 7 .200 .941 7 .620 

3.00 

T3 .219 7 .200 .967 7 .852 
3.25 C .306 4 3.25 

T1 .292 7 .073 .835 7 .096 
3.25 

T2 .174 7 .200 .933 7 .547 

3.25 

T3 .225 7 .200 .944 7 .646 
3.50 C .278 4 3.50 

T1 .231 7 .200 .910 7 .420 
3.50 

T2 .216 7 .200 .895 7 .355 

3.50 

T3 .163 7 .200 .974 7 .917 
3.75 C .260 4 . 3.75 

Tl .288 7 .083 .881 7 .291 
3.75 

T2 .315 7 .035 .775 7 .031 

3.75 

T3 .232 7 .200 .862 7 .206 
4.00 C .441 4 , 4.00 

Tl .285 7 .091 .882 7 .297 
4.00 

T2 .289 7 .080 .780 7 .034 

4.00 

T3 .236 7 .200 .878 7 .279 
4.25 C .441 4 • 4.25 

Tl .204 7 .200 .969 7 .870 
4.25 

T2 .434 7 .000 .635 7 .010 

4.25 

T3 .264 7 .151 .841 7 .112 
4.50 C 4.50 

Tl .236 7 .200 .907 7 .407 
4.50 

T2 .434 7 .000 .635 7 .010 

4.50 

T3 .264 7 .151 .841 7 .112 
C= Control, Tl=homogeneous, T2=mixed, 1 r3= heterogeneous 

Table 13. Test for Normality for the School of Business creativity data. 
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Table 13 indicates several instances in which the assumption of Normality may be 

violated for the School of Business task. These violations are most likely due to the 

extremely small sample size, as both of the tests for Normality are intended for use with 

larger sample sizes. Similar to the results for the Gompin Crisis task, the small sample 

size for the School of Business task also results in low statistical power for the tests of 

Normality. The small number of degrees of freedom also prevented the Shapiro-Wilk 

test from being performed on the data from the control treatment. Again, Normal Q-Q 

plots of concentration for the treatments reveal the distributions to be essentially Normal. 

Even if a limited number of the concentration distributions do depart from the Normal 

distribution, however, the analysis of variance test is relatively insensitive to these minor 

departures. 

Table 14 presents the results of one-way analysis of variance tests for both 

problems solving tasks that show the impact of experimental treatment upon the 

resulting concentration of creative solutions. All F-statistics are significant for both 

experimental tasks across all creativity threshold values investigated. Significance 

indicates that there are indeed differences in the mean concentrations of creative 

solutions between at least two of the treatments. 

Since the one-way analysis of variance analyses from Table 14 indicate that at 

least two of the treatment means are not equal, a post-hoc Tukey analysis was performed 

for each of the different creativity threshold values. Results of the Tukey post-hoc 

analysis for each of the creativity threshold levels are presented in Table 15 for the 

Gompin Crisis task and Table 16 for the School of Business task. 
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Creativity 
Threshold 

Gompin Crisis Task School of Business Task Creativity 
Threshold Test Statistic P Eta-sq Test Statistic P= Eta-sq 

2.50 F(3,32)= 6.431 =.002 0.865 F(3,21) = 3.017 .053 0.751 
2.75 F(3,32)= 9.253 <.001 0.902 F(3,21) = 5.746 .005 0.852 
3.00 F(3,32) = 13.936 <.001 0.929 F(3,21)= 6.729 .002 0.871 
3.25 F(3,32) = 19.882 <.001 0.665 F(3,21) = 5.013 .009 0.834 
3.50 F(3,32) = 21.295 <•001 0.680 F(3,21) = 8.205 .001 0.451 
3.75 F(3,32) = 13.787 <.001 0.932 F(3,21) = 7.234 .002 0.879 
4.00 F(3,32) = 10.227 <.001 0.911 F(3,21) = 8.822 .001 0.898 
4.25 F(3,32)= 5.665 =.003 0.850 F(3,21) = 3.347 .039 0.770 
4.50 F(3,32)= 3.439 =.028 0.775 F(3,21) =4.151 .019 0.801 

Table 14. One-way ANOVA tests for differences in treatment means for the Gompin 
Crisis and School of Business tasks. 

Crea HI: T2>T1 H2: T2>T3 H3a:l ri>c H3b:' r2>c H3c: 1 r3>c 
Thrs Mean P= Mean P= Mean P= Mean P= Mean P= 

Diff Diff Diff Diff Diff 
2.50 -.212 .002 -.190 .004 .067 .719 -.145 .132 .045 .885 
2.75 -.274 .000 -.251 .001 .158 .132 -.116 .384 .135 .220 
3.00 -.220 .000 -.253 .000 .167 .024 -.053 .778 .195 .004 
3.25 -.208 .000 -.231 .000 .178 .002 -.030 .900 .200 .000 
3.50 -.179 .000 -.210 .000 .150 .002 -.029 .873 .181 .000 
3.75 -.134 .000 -.135 .000 .138 .002 .003 1.00 .138 .001 
4.00 -.084 .002 -.095 .000 .078 .002 -.064 .995 .088 .006 
4.25 -.046 .019 -.049 .009 .040 .138 -.006 .981 .042 .087 
4.50 -.027 .091 -.026 .076 .026 .225 -.001 1.00 .025 .209 

Table 15. Tukey post-hoc analyses of differences in treatment means for the Gompin 
Crisis task. 

The post-hoc Tukey analysis for the Gompin Crisis task indicates that regardless 

of the specific creativity threshold used. Hypotheses 1 and 2 are not supported. In fact, 

the opposite effect was found with regard to Hypotheses 1 and 2, indicating that the 

homogeneous and heterogeneous facilitation patterns resulted in higher creativity 

concentrations than did the mixed facilitation pattern. Hypotheses 3a, 3b, and 3c 
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predicted that each of the facilitated treatments would result in a greater concentration of 

creative solutions than would the control treatment. Hypothesis 3b received no support; 

the mixed facilitation treatment did not result in a greater concentration of creative 

solutions when compared to the control treatment. Hypotheses 3a and 3b did, however. 

receive some support, but only for moderate creativity threshold values. 

Crea Hl:T2>Tl H2: T2>T3 H3a:1 ri>c H3b:^ r2>c H3c:" r3>c 
Thrs Mean P= Mean P= Mean P= Mean P= Mean P= 

Diff Diff Diff Diff Diff 
2.50 -.148 .257 -.122 .414 -.234 .079 -.086 .786 -.208 .134 
2.75 -.251 .007 -.237 .012 .133 .374 -.118 .475 .118 .470 
3.00 -.247 .004 -.232 .007 .153 .199 -.093 .595 .138 .271 
3.25 -.167 .032 -.202 .008 .039 .929 -.127 .240 .075 .663 
3.50 -.158 .027 -.194 .006 .195 .020 .036 .929 .231 .005 
3.75 -.125 .006 -.101 .029 .131 .015 .005 .999 .107 .055 
4.00 -.110 .004 -.091 .019 .130 .004 .020 .927 .111 .014 
4.25 -.035 .348 -.057 .057 .038 .418 .002 .999 .060 .101 
4.50 -.024 .613 -.057 .039 .037 .395 .012 .944 .070 .030 

Table 16. Tukey post-hoc analyses of differences in treatment means for the School of 
Business task. 

The post-hoc Tukey analysis for the School of Business task indicates that 

regardless of the specific creativity threshold used. Hypothesis 1 and Hypothesis 2 

received no support. In fact, the opposite effect was found with regard to Hypothesis 1 

and Hypothesis 2, indicating that the homogeneous and heterogeneous facilitation 

patterns resulted in higher creativity concentrations than did the mixed facilitation 

pattern. Exceptions to this finding for Hypothesis I include creativity thresholds values 

of 4.25 and 4.5. Hypotheses 3a, 3b, and 3c predicted that each of the facilitated 

treatments would result in a greater concentration of creative solutions than would the 



221 

control treatment. Hypothesis 3b again received no support; the mixed facilitation 

treatment did not result in a greater concentration of creative solutions when compared 

to the control treatment. Hypothesis 3a and Hypothesis 3b did, however, receive some 

support, but only for moderate creativity threshold values. 

5.4 Summary of Results 

Hypotheses 1 and 2 received no support in either the Gompin Crisis task or the 

School of Business task. In fact, for both tasks, the effect that occurred is exactly the 

opposite of what was predicted. Across both experimental tasks, groups that were 

facilitated with homogenous and heterogeneous prompting styles consistently and 

significantly outperformed groups that received the mixed facilitation pattern. The size 

of the experimental effect varied across creativity threshold values; the facilitation 

pattern explained anywhere from forty five percent to ninety three percent of the 

observed variance. These effects are relatively insensitive to the specific creativity 

threshold value used and appear across both problem solving tasks. 

The hypothesis that all three facilitation patterns would lead to greater 

concentrations of creative solutions when compared to the control treatment was not 

fully supported. Hypothesis 3b, which predicted that groups receiving the mixed 

facilitation pattern would have a higher concentration of creative solutions than would 

the control treatment, received no support from either problem task. Hypothesis 3a was 

supported only for creativity threshold values of 3.25, 3.50, 3.75, and 4.00 for the 

Gompin Crisis task and only for creativity threshold values of 2.50, 3.50, 3.75, and 4.00 

for the School of Business task. Hypothesis 3c was supported only for creativity 
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threshold values of 3.00, 3.25, 3.50, 3.75,4.00, and 4.25 for the Gompin Crisis task and 

only for creativity threshold values of 3.50, 3.75,4.00, and 4.50 for the School of 

Business task. As the creativity threshold values increased beyond 4.00, fewer solutions 

existed that met the threshold value, thus reducing the power and significance of any 

statistical conclusions. 

These results and their corresponding implications are discussed in the following 

chapter. 
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CHAPTER 6 - DISCUSSION 

This chapter contains the discussion of the experimental results that were 

presented in Chapter 5. The discussion parallels the structure of the previous chapter 

and offers interpretations and insights to the Cognitive Network Model of Creativity 

based upon the evidence obtained from the problem solving tasks. 

6.1 Inter Rater Reliability 

The data for both the Gompin Crisis task and the School of Business task were 

scored according to the Consensual Assessment Technique (CAT, Amabile, 1982). CAT 

calls for domain experts to score each product along a number of dimensions. In the 

article that explains the derivation of the CAT, the experts scored the creativity of 

artwork produced by school children. Due to the relatively small number of items that 

needed to be scored, the judges were asked to score each item along as many as 

seventeen different dimensions. Inter rater reliability among these dimensions was very 

high and subsequent factor analysis indicated that the creativity scores were very 

reliable. 

Due to the extreme number of solutions that were generated during the Gompin 

Crisis and School of Business tasks, it was decided that scoring should take place along 

only two dimensions: creativity and technical feasibility (personal communication with 

Theresa Amabile, April, 2000). Scoring each solution along more than these two 

dimensions, while procedurally desirable, was simply too demanding given the large 
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number of solutions. Thus, only two dimensions (creativity and technical feasibility) 

were scored to help minimize the effects of rater fatigue as the judges worked. The 

judges worked independently and were instructed to score the solutions relative to one 

another as opposed to rating them relative to some absolute standard for creativity of 

feasibility that may exist in the domains of disaster relief or public university 

administration (see Appendix C for details on the scoring instructions provided to the 

experts). Finally, each judge scored the data in a different random order. 

The degree of inter rater reliability among the judges in the present task was 

comparable to that obtained in the original studies. For the Gompin Crisis task, inter 

rater reliabilities between the four experts ranged from .834 to .910. For the School of 

Business task, inter rater reliabilities ranged from .871 to .904. All of these correlations 

are significant (p < .001). 

In addition to rating the solutions, each expert was also asked to evaluate the 

overall problem solving task itself according to how realistic it appeared to be. The 

Gompin Crisis task received an average score of 4.3, while the School of Business task 

received an average score of 3.5. Both tasks were scored on a I to 5 Likert scale in 

which a score of one indicates not realistic and a score of five indicates very realistic. 

Further discussions with the experts that scored the Gompin Crisis task revealed another 

interesting feature. Periodically, the American Red Cross holds training exercises for its 

disaster relief personnel. After reading the Gompin Crisis task description and learning 

about the directed brainstorming technique, all of the disaster relief specialists 
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commented on the close match between the problem task and the periodic training 

exercises hosted by the Red Cross. 

6.2 Differentiating Creativity and Feasibility 

In the original studies involving the CAT, the experts scored each product 

according to as many as seventeen different items. Scoring along a rather large number 

of dimensions allowed a factor analysis to be performed on the scored data. The factor 

analysis revealed that the various dimensions loaded onto two primary factors: creativity 

and technical goodness. The comparatively large number of solutions that needed to be 

scored for the Gompin Crisis and School of Business tasks made scoring along more 

than two dimensions infeasible, thus factor analysis could not be performed on the data 

in the present study. 

Correlations between creativity and feasibility scores ranged from .539 to .604 for 

the Gompin Crisis and from .578 to .704 for the School of Business task. These 

correlations also closely resemble the correlation between creativity and technical 

goodness (.77) found by Amabile (1982). Thus, scores for creativity and technical 

feasibility are only moderately correlated. All correlations are significant (p< .001). 

Paired samples t-tests were used to further investigate the relationship between creativity 

and technical feasibility scores. For both problem solving tasks, the mean for the 

creativity scores was significantly different from the mean for the technical feasibility 

scores. The results of the paired samples t-test are significant (see Table 7 in the 

previous chapter, p<.(X)5). Thus, for each of the two tasks, it appears that the expert 

judges were able to differentiate creativity and technical feasibility. 
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6.3 Hypothesis Testing 

Due to the existence of several fixed factors that could have influenced the 

solutions from the various treatments, the concentration of creative solutions generated 

by each group were subject to a multi-way analysis of variance. This analysis of 

variance tested for impacts that could have resulted from the specific treatment in which 

the group participated, the individual who facilitated the various experimental sessions 

for each treatment, and the potential effects resulting from the different experts who 

scored the data. Across both tasks, the only factor shown to have any significant impact 

upon the resulting concentration of creative solutions is the treatment in which the 

various groups participated [F(2,10)=19.4, p<.001 for the Gompin Crisis and 

F(3,10)=3.573, p<.055 for the School of Business task]. This factor effect indicated that 

at least two of the treatments had unequal means for the concentration of creative 

solutions generated by the groups within each treatment. No other factor effects were 

found. 

A one-way analysis of variance and post-hoc Tukey tests were then performed to 

investigate more closely the effects that each treatment had upon the resulting 

concentration of creative solutions generated by the subject groups. The one-way 

analysis of variance confirmed the earlier results: there were indeed differences between 

the treatment means. The post hoc Tukey tests, however, revealed a very surprising 

result. Rather than the differences between treatments following the predictions made 

by hypotheses one and two (which respectively predicted that the mixed facilitation 

pattern would outperform both the homogeneous and heterogeneous facilitation 
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patterns), the opposite effect was found. The Tukey test indicated that subjects in both 

the homogeneous and heterogeneous treatments significantly outperformed subjects in 

the mixed facilitation pattern when the creativity threshold value was equal to 3.5 on a 

five point scale. A subsequent sensitivity analysis repeated the analysis of variance and 

Tukey tests with creativity threshold values that ranged from 2.5 to 4.5 using intervals of 

0.25, revealing the performance advantage of homogeneous and heterogeneous over 

mixed facilitation to be quite consistent. 

For the Gompin Crisis task, the one-way analysis of variance revealed significant 

differences between treatments (p< 0.003) for each creativity threshold value from 2.5 to 

4.25. The variance explained by the experimental treatment ranged from sixty six 

percent to ninety three percent. When the creativity threshold value equaled 4.5, the 

differences between treatments were still significant, but the p-values increased. Thus, 

the significance decreased when the creativity threshold value increased beyond 4.25. 

The decrease in significance is most likely a result of fewer groups generating solutions 

that met the threshold criteria. No statistics were performed using creativity threshold 

values of 4.75 and 5.0 because the distribution of creative solutions was no longer 

Normal. The post-hoc Tukey tests revealed the same general trend. Hypotheses I and 2 

received no support across any of the creativity threshold values investigated. In fact, 

the result was precisely the opposite of what was predicted, although as the threshold 

value approached 4.5, the p-values increased again. 

In general, support for Hypothesis 3 was not consistent. Hypothesis 3b, which 

predicted that the mixed facilitation treatment would result in a higher concentration of 
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creative solutions than would the control group, received no support at all. Hypothesis 

3a, which predicted that the homogenous facilitation treatment would result in higher 

concentrations of creative solutions than would the control group, received partial 

support. Similarly, Hypothesis 3c, which predicted that the heterogeneous facilitation 

treatment would result in higher creativity concentrations than would the control group, 

received partial support. For both Hypothesis 3a and Hypothesis 3c, the significance 

decreased as the creativity threshold neared 4.0, again indicating that at the higher 

threshold values, fewer solutions existed that met the required criteria. At the opposite 

end of the spectrum. Hypothesis 3a and Hypothesis 3c received no support when the 

creativity threshold value was too low. For both hypotheses, the occurrence of 

significant differences between these treatments and the control condition decreased 

when the creativity threshold dipped below 3.25. 

For the School of Business task, the results of the one-way analyses of variance 

were very similar to that of the Gompin Crisis task. Significant differences were found 

at all creativity threshold values, and the amount of the variance explained by the 

experimental treatment varied from forty five percent to eighty nine percent. As the 

threshold approached 4.5, however, the p-value increased again. As with the Gompin 

Crisis task, this can be explained by the smaller number of solutions that met the higher 

creativity threshold, thus causing the distributions for the concentration of creative 

solutions within the treatments to deviate from Normal. The results of the Tukey tests 

for Hypothesis 1 and Hypothesis 2 were also similar to the Gompin Crisis task. Subjects 

receiving either the homogeneous or the heterogeneous facilitation patterns 
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outperformed subjects that received the mixed facilitation pattern in ail cases. As the 

creativity threshold approached either end of the spectrum (for example, as the threshold 

approached 2.5 and 4.5), however, the significance of the results decreased. Hypothesis 

3b also had the same result as it did in the Gompin Crisis task: The mixed facilitation 

pattern did not result in a greater concentration of creative solutions when compared to 

the control group. 

As in the case of the Gompin Crisis task. Hypotheses 3a and 3c received limited 

support in the School of Business task. Significant differences between the 

homogeneous facilitation treatment and the control condition were only found for 

moderate values of the creativity threshold value. As the threshold approached 2.5 or 

4.5, the differences were no longer statistically significant. A similar pattern of 

significant differences was found with respect to the comparisons between the 

heterogeneous facilitation treatment and the control condition. 

One possible reason for the difference in the consistency of the results of the post-

hoc Tukey test between the two problem solving tasks may reflect inherent differences 

between these two tasks. The Gompin Crisis task is more open ended, potentially 

allowing a wider variety of solutions, while the School of Business task is somewhat less 

open ended. 

The above results indicate several interesting and unexpected findings that need to 

be further explored. These findings were consistent across both problem solving tasks. 

Questions that derive from these findings include: 
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1. What caused the homogeneous facilitation pattern to be more effective, in 

terms of leading to a greater concentration of creative solutions, than the mixed 

facilitation pattern? 

2. Similarly, what caused the heterogeneous facilitation pattern to be more 

effective, in terms of leading to a greater concentration of creative solutions, 

than the mixed facilitation pattern? 

The following sections explore possible answers to these questions. 

6.4 Accounting for the Unexpected Results 

The results of the hypothesis testing described above are puzzling because they 

stand in direct contradiction to the predictions made by the hypotheses. This section 

provides details on efforts made to explain how the obtained results might have 

occurred. 

6.4.1 Cognitive Load Not Sufficiently Manipulated 

The three facilitated treatment conditions (homogeneous, mixed, and 

heterogeneous) were intended to manipulate the Cognitive Load of the subjects as they 

participated in the problem solving task. While the post-experimental questionnaire did 

not specifically contain questions designed to probe the level of cognitive load perceived 

by the subjects as they were engaged in brainstorming, it did inquire about the perceived 

difficulty of the task (for example, "How difficult did you find this task?") Thus, if task 

difficulty is interpreted as a surrogate for Cognitive Load, several analyses can be 

performed. Table 17 contains the mean reported task difficulty level for each of the 

experimental conditions in both problem solving tasks. An analysis of variance revealed 
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no significant differences in task difficulty between the treatment means for either the 

Gompin Crisis task [F(3,146)=0.063, p=.979] or the School of Business task 

[F(3,97)=0.995, p=.399]. The Gompin Crisis task, however, was deemed significandy 

more difficult than was the School of Business task [F(l,249)=4.227, p=.041]. 

Treatment Gompin Crisis Sc lool of B usiness 
n Mean Std Dev n Mean Std Dev 

Ctrl 25 2.68 1.07 16 2.17 1.10 
T1 41 2.80 1.12 28 2.64 1.28 
T2 37 2.73 1.41 28 2.59 1.06 
T3 47 3.11 1.16 28 2.29 1.05 

Table 17. Reported task difficulty as a result of treatment. 

To further investigate the potential relationship between the perceived level of task 

difficulty and the resulting creativity level, the task difficulty and creativity of the 

resulting solutions were matched to one another using each subject's random 

identification number from the card handed to them at the beginning of the experiment. 

A linear regression was then performed to look for evidence of a relationship between 

the reported task difficulty and the creativity scores for both problem solving tasks. The 

results of this regression (shown in Table 18) indicate no evidence of a relationship 

between task difficulty and creativity. In a small number of cases, the subjects failed to 

record their random identification number on their post-experimental questionnaire, 

resulting in a loss of about seven percent of the data for each problem solving task. 

Thus, the data show no difference in cognitive load (using task difficulty as a 

surrogate measure) due to treatment for either problem solving task. It would appear, 

then, that cognitive load was relatively constant across the treatments in each task. 
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Task Anova Correlation Regression Coefficients Task Anova 
Corr r-square Intercept t Slope t 

Gompin F(l, 1242) = 
1.952 

.061'' .004 2.483 21.125' .055 1.388 

SOB F(l, 1032) = 
2.467 

.049- .002 2.363 31.414' .043 1.571 

' Significant at the alpha = 0.01 level " Significant at the alpha = 0.10 level 

Table 18. Regression analysis between creativity and reported task difficulty. 

There are two primary ways to interpret the consistency of task difficulty across 

the experimental treatments. The first potential interpretation could be that the 

Cognitive Load construct is simply not important to the model. While it is possible that 

Cognitive Load is not important, there is insufficient evidence from this single 

experiment to indicate that Cognitive Load is unimportant. More simply stated, it is far 

too early in the exploration of the Cognitive Network Model of Creativity to make such 

substantial changes to the model when the experimental procedures still may contain 

flaws. The second potential interpretation of the consistency of task difficulty across the 

experimental treatments is that perhaps the treatments did not sufficiently manipulate the 

cognitive load of the subjects as they brainstormed. 

The speculation that cognitive load was not sufficiently manipulated by the three 

experimental treatments receives some support from the data derived from the Gompin 

Crisis pilot studies. Groups participating in the pilot studies for the Gompin Crisis task 

complained about two primary task attributes. The first complaint from the subjects that 

participated in the pilot study was that the task itself was too difficult because the 
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available disaster relief resources described in the task were too tightly constrained to be 

useful. A typical comment from the pilot study is the following: 

• 'The scope of the scenario is so limited that it became quite difficult to 

develop 'fast' and 'inexpensive' alternative so many times." 

Additionally, the majority of the subjects from the Gompin Crisis pilot study 

complained that the time between directed brainstorming prompts was not sufficient to 

generate an appropriate solution, type it into the computer, and finally read the solutions 

contributed by the other group members. A sample comment reflecting the short time 

frame is the following: 

• 'There was a great deal of pressure to keep up with the instructions." 

To compensate for these two complaints that arose from the pilot study, one of the 

task constraints was removed from the Gompin Crisis task description and the time 

between directed brainstorming prompts was increased from ninety to one hundred 

twenty seconds. Thus, both complaints were addressed by making the Gompin Crisis 

task easier and by increasing the time allocated for generating each solution. These 

changes are likely to have made the task too easy to perform across all of the treatments, 

thereby reducing the intended impact on cognitive load. 

Finally, it is possible that the electronic brainstorming environment itself helped to 

diminish the impact of the experimental treatments upon the cognitive load of the 

subjects as they generated solutions to the tasks. One of the functions of working 

memory is to allow manipulation of information that is no longer physically present. As 

noted by Newell and Simon (1972), however, the external memory provided by the 
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electronic brainstorming software may have extended the capacity of working memory, 

thereby reducing the impact of cognitive load upon the solution generation process. 

More specifically, it is possible that the subjects did not feel the need to remember 

specific directed brainstorming prompts, solution criteria, or the solutions generated by 

the other members of the group since the electronic brainstorming software provided an 

automatically generated transcript of the output of the group. Correspondingly, the 

subjects may have relied upon the software rather than their memory to help them 

organize and process the prompts or previous solutions. 

In summary, there are several potential reasons why the intended manipulations of 

cognitive load may not have worked. First, it is very likely the newly relaxed constraints 

made the Gompin Crisis task made it too easy to perform. Second, it is possible that the 

electronic brainstorming software itself allowed the subjects to manipulate the stimuli 

without incurring an increase in cognitive load. 

6.4.2 Impacts of the Facilitation Pattern upon Spreading Activation 

An analysis of variance performed on the task difficulty construct (used as a 

surrogate for the Cognitive Load construct in the Cognitive Network Model of 

Creativity) from the post-experimental questionnaire revealed no significant differences 

in the perceived difficulty of the task as a result of the particular facilitation treatment 

used for either problem solving task. Further regression analyses performed between the 

subjects' reported task difficulty and the resulting creativity level of their solutions failed 

to provide evidence of any relationship between task difficulty and creativity. Thus, it 

would appear that the experimental treatments, which were designed to systematically 
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vary the Cognitive Load of the problem solvers that participated in the different 

treatments as they worked, did not impact Cognitive Load at all. 

The only remaining construct in the Cognitive Network Model of Creativity that 

the experimental treatments were designed to manipulate is the Diversity of Stimuli to 

which the subjects were exposed as they generated solutions to the problem tasks. A 

more detailed analysis of the various facilitation patterns used for each of the three 

treatments suggests that all of the obtained results can be explained by stimuli diversity. 

Recall that in the homogeneous treatment, subjects received four consecutive facilitation 

prompts from the same task solution criterion that directed their efforts to find solutions 

to the task that met some specific goal (for example, a solution that is easy to 

implement). Thus, the homogeneous treatment resulted in a relatively low Diversity of 

Stimuli. Correspondingly, the heterogeneous treatment, in which the task solution 

criterion was systematically rotated after each facilitation prompt, resulted in a relatively 

high Diversity of Stimuli. Finally, subjects in the mixed treatment received two 

consecutive facilitation prompts from the same task solution criterion before the 

particular criterion was changed. Thus, the mixed facilitation treatment resulted in 

relatively moderate Diversity of Stimuli. 

Accounting for the obtained results using Diversity of Stimuli, therefore, dictates 

that both low and high stimuli diversity must bestow some advantage that is not present 

in the mixed treatment. For example, it is highly likely that the low Diversity of Stimuli 

that resulted from the homogeneous facilitation pattern encouraged the subjects to 

explore a specific area of their network of knowledge very deeply. That is, the 
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facilitation technique was likely to have pushed the subjects beyond the easy or obvious 

solutions that come to mind most quickly for any given solution criterion. 

Correspondingly, the resulting deep activation would activate frames from a very remote 

area of the subject's knowledge network. This deep activation would subsequently 

increase the likelihood of forming new associations between the deeply activated frames 

and other frames that are currently salient. The result of the relatively low Diversity of 

Stimuli is then the production of solutions that are highly creative due in large part to the 

relatively long associative distances that separated the salient frames. 

Alternatively, it is very likely that the high Diversity of Stimuli that resulted from 

the heterogeneous facilitation pattern encouraged the subjects to explore many different, 

and therefore diverse, areas of their network of knowledge. Thus, the resulting frames 

that are proposed to have simultaneously occupied working memory would have derived 

from very diverse areas knowledge. Thus, the likelihood of forming new associations 

between the broadly activated frames was also high due to the relatively long associative 

distances that normally separate these frames. The result of the relatively high Diversity 

of Stimuli is the production of solutions that are highly creative. 

In contrast to the homogeneous and heterogeneous treatments, subjects 

participating in the mixed experimental treatment had neither of the potential benefits of 

deeply or broadly spreading activation. That is, within any given timeframe, subjects in 

the mixed treatment were not able to pursue any given task solution criterion to the same 

depth as were the subjects in the homogeneous treatment. Similarly, within any given 

timeframe, subjects in the mixed treatment were not able to activate frames with the 



237 

same breadth as were subjects in the heterogeneous treatment. Thus, subjects 

participating in the mixed facilitation treatment had neither of the benefits present in the 

other two treatments, and were therefore not able to generate a correspondingly high 

concentration of creative solutions. In the present study, the performance (in terms of 

the concentration of creative solutions) of the groups receiving the mixed facilitation 

pattern was no better than that of the groups in the control condition. Using the above 

rationale, the results of the hypothesis testing are no longer as surprising as they 

originally appeared to be. 

6.5 Potential Sources of Variation 

Since the results for hypotheses one and two were opposite from their respective 

predictions, additional efforts were made to discover other factors that could have 

potentially influenced the results that were presented in Chapter 5. In particular, since 

the results were inconsistent with the stated hypotheses, it is likely that one or more of 

the following might have occurred: 

1. The experimental methods were in some way flawed. 

2. The hypotheses were in some way flawed. 

3. The propositions of the model were in some way flawed. 

The following discussions examine each of these possibilities in greater detail. It 

is important to point out, however, that the analyses presented in this section are not 

directly related to hypothesis testing; rather, they are exploratory in nature and may 

serve to guide further research based upon the Cognitive Network Model of Creativity. 
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6^.1 The Possibility of Flawed Experimental Methodology 

To investigate whether or not the experimental methodology was somehow flawed 

(in addition to the failure to manipulate Cognitive Lx)ad as described above), it is 

necessary to explore several primary avenues. The first avenue involves performing an 

analysis of the manipulation for the three experimental treatments (the directed 

brainstorming facilitation patterns) and determining how well they operationalized the 

hypotheses. The second avenue more closely examines the feedback provided by the 

subjects on the post-experimental questionnaires. Finally, the third major avenue 

examines the degree to which each prompt is equally likely to lead to a creative solution. 

6.5.1.1 Purity of the Facilitation Pattern 

The facilitation patterns employed in each experimental treatment were intended to 

manipulate several aspects of the Cognitive Network Model of Creativity. Specifically, 

the facilitation patterns attempted to vary the Diversity of Stimuli to which subjects were 

exposed as well as their resulting levels of Cognitive Load. An important feature of the 

experimental design was that subjects in all three treatments were exposed to an identical 

set of twenty facilitation prompts as they brainstormed. The only difference between the 

three treatments was the specific pattern or ordering of the set of twenty prompts. To 

vary the facilitation patterns, the solution space for each of the problem solving tasks 

was partitioned into five solution criteria. Four directed brainstorming prompts were 

created for each of these five problem solution criteria. Thus, the derivation of the three 

treatments by varying the order of the prompts is relatively straightforward (for 

additional details, see Chapter 4). 
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The homogeneous facilitation pattern was created by presenting subjects with four 

consecutive prompts from the same problem solution criterion. Thus, since each set of 

four consecutive prompts deals with the same criterion, the homogeneous facilitation 

pattern represented a low Diversity of Stimuli condition. For the heterogeneous 

facilitation pattern, the problem solution criterion from which the specific prompt 

derives was rotated after each prompt was delivered. Thus, since the topic of each 

successive prompt was changed, the heterogeneous facilitation pattern represented a high 

Diversity of Stimuli. Finally, for the mixed facilitation pattern, two successive prompts 

from the same problem solution criterion were delivered to the subjects before the 

solution criterion was changed. In this respect, the mixed facilitation pattern represented 

a midpoint between the homogeneous and heterogeneous patterns. 

Further reflection upon the experimental procedures, however, reveals the 

possibility that the facilitation pattern may not be a "pure" manipulation. Although the 

variation of prompts was carefully controlled and scripted, the subjects were also 

instructed to read the solutions suggested by their fellow group members after 

contributing their own solution in response to the directed brainstorming prompt. Since 

there were four members to each group, each new electronic page could potentially 

contain three new solutions that each member would have to read after submitting their 

own solution. If these solutions that were already on the subjects' new electronic 

brainstorming sheet were generated in response to prompts that spanned more than one 

problem solution criterion, the stimuli pattem could potentially have been disrupted. 

Thus, in addition to the directed brainstorming prompts delivered by the facilitation 
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method, the solutions contributed by the other group members also serve as stimuli. 

Thus, the homogeneous, mixed, and heterogeneous stimuli patterns may not have been 

as pure as originally intended. 

To better assess the impact of reading the solutions contributed by the other 

members of the group, the facilitation patterns were more closely examined. Since the 

primary manipulation of the diversity of the facilitation prompts focuses on each set of 

four consecutive prompts, it is necessary to determine the greatest potential diversity for 

any set of four consecutive prompts within each of the treatments. Since the subjects 

each read the contributions of others, there exists the possibility that reading these 

solutions "contaminated" the intended facilitation effects. For the homogeneous 

facilitation pattern, the greatest number of task solution criteria that are present in any set 

of four consecutive prompts is two, the solution criterion that is currently being 

explored, plus the one previous criterion. The net diversity, then, is determined by the 

presence of prompts from a single previous task solution criterion. Applying this same 

logic to the mixed facilitation pattern, the greatest number of task solution criteria 

present in any set of four consecutive prompts is three, the solution criterion that is 

currently being explored, plus two previous criteria. The net diversity for the mixed 

treatment, then, is determined by the presence of prompts from two previous task 

solution criteria. Finally, following the above logic for the heterogeneous facilitation 

pattern, the net diversity is determined by the presence of prompt from three previous 

task solution criteria. Thus, the solutions resulting from the homogeneous facilitation 

pattern that the other group members read remains the least diverse, while the solutions 
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resulting from the heterogeneous facilitation pattern that the other group members read 

remains the most diverse. 

What the above analysis shows is that the intended manipulation of the Diversity 

of Stimuli construct caused by the facilitation prompts appears to have been preserved. 

Despite the logic used to assess the potential effects of reading the solutions generated 

by others, there still remains a potential ambiguity concerning the diversity of stimuli to 

which the subjects are exposed. To disambiguate these potential effects, changes to the 

experimental methodology might include using individuals rather than groups to solve 

the problem tasks or adding questions to the post-experimental survey to try to separate 

the effects of facilitation and group interaction. 

Switching from interactive groups of subject to individual subjects to evaluate the 

model would certainly eliminate the possibility of "contaminating" the specific 

facilitation patterns. It would, however, also eliminate the benefits of interactive groups 

that were discussed in Chapter 4. The intention of the experimental setting was to 

extend and build upon the best known method for generating creative solutions. Given 

the current setting, however, it might have been worthwhile to focus primarily upon 

achieving pure manipulations rather than using interactive groups of subjects to evaluate 

the model. 

6.5.1.2 Unintended Facilitation Effects 

To investigate the possibility that the directed brainstorming prompts resulted in 

other unintended effects that could have influenced the results, the handwritten 

comments from the post-experimental questionnaire were examined. The final item on 
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the questionnaire asked, "Do you have any other remarks?" Some of the comments were 

generally positive in nature and supported the experimental motivation to use interactive 

groups in an EBS environment, such as the following: 

• "I didn't feel as much pressure from the group members as I would in a face-

to-face meeting. I think it opens up a great way to express ideas without all the 

politics." 

• "Provided an unbiased look at opinions and ideas without the other factors that 

get in the way (eg personality)." 

Despite positive nature of the above comments, however, two other primary 

themes were present. The first theme called for a reduced duration for the brainstorming 

exercise (seven percent of the Gompin Crisis subjects and six percent of the School of 

Business subjects), while the second theme expressed irritation with the repetition of the 

directed brainstorming prompts (eighteen percent of the Gompin Crisis subjects and 

twenty two percent of the School of Business subjects). A typical comment concerning 

prompt repetition is, "At first I was very enthusiastic and motivated to generate good 

solutions. However, it seemed that the same questions were being asked over & over 

again and people no longer took it seriously. I was running out of ideas." 

To further investigate these comments, several additional aspects of the solution 

data were explored. As indicated in Chapter 4, the solutions contributed by the members 

of each group were divided into several response categories prior to being scored for 

creativity and technical feasibility. First, duplicate solutions (specific noun-verb 

combinations that were repeated) were flagged and removed. Second, comments that 
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were not solutions were flagged and removed. These "non-solutions" were comments 

that, while relevant to the problem solving task, did not recommend any specific course 

of action that would impact the problem. Rather, non-solutions were clarifications of 

previously typed ideas or questions that the group members asked of one another. In 

other words, non-solutions represented a dialog among the members of the group. 

Finally, comments that were "off topic" were flagged and removed. Off topic comments 

were neither solutions, nor were they relevant to the problem solving task. Examples of 

off topic comments included subjects asking what time it was, stating that they were 

hungry for lunch, or other such communications between group members. 

An analysis of the occurrence of the above-mentioned types of comments revealed 

several interesting effects. Table 19 shows the mean number of comments from each 

group that fit into the three response categories for the problem solving tasks. Since 

each group generated approximately one hundred solutions, the outcome of analyses 

performed with non-solutions and off topic comments are largely similar regardless 

whether percentages or actual frequency counts were used. 

Treat Unique Solutions Non-Solutions O
 

H
 

o
 

pics Duplicates Treat 
Gompin SOB Gompin SOB Gompin SOB Gompin SOB 

Control 37 47 34 32 15 8 24 11 
T1 47 63 15 9 5 0 26 23 
T2 49 54 9 11 10 2 24 20 
T3 41 49 10 7 9 2 34 25 

Table 19. Frequency of solution breakdown across treatments for both experimental 
tasks. 
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The first obvious effect of the directed brainstorming technique is that it keeps the 

subjects better focused on generating solutions to the problem task. Across both tasks, 

groups participating in the control condition generated a greater number of non-solutions 

than did groups in any of the treatments conditions [F(3,21)=l5.16l, p<.001 for the 

Gompin Crisis task and F(3,21)=13.394, p<.001 for the School of Business task]. For 

the School of Business task, groups participating in the control condition generated a 

greater number of off topic solutions than did those receiving the homogeneous 

facilitation treatment [F(3,2I)=3.178, p=.045]. No other task focus effects between 

treatments were found in either problem solving task. Thus, it appears that the directed 

brainstorming technique helps to keep the subjects better focused on the task than does 

simply leaving the subjects to work on their own as they did in the control condition. 

Furthermore, the mean percentage of duplicate solutions across the problem solving 

tasks appear consistent with reports from other EBS studies. When subjects 

brainstormed solutions to a problem solving exercise using multiple dialog sheets, 

Dennis et al. (1997) reported that twenty nine percent of the generated solutions were 

redundant. The Gompin Crisis task had an average of twenty eight percent duplicate 

solutions, while the School of Business task had an average of twenty percent duplicate 

solutions. 

With regard to the non-solutions and off topic comments, another interesting trend 

was found that reinforces the comments made by the subjects concerning the time 

duration of the brainstorming session. For the Gompin Crisis task, a regression analysis 

performed on all data resulting from the three different facilitation patterns revealed that 
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a linear relationship does exist between the prompt number and the corresponding 

frequency of off-topic and non solutions [F(1,18)=70.169, p<0.001]. The intercept for 

the regression function is Y=0.791 [t=1.381, p=0.184] and the slope of the regression 

function is 0.401 [t=8.389, p<0.001]. This regression function explains 79.6 percent of 

the variance [r-squared = 0.796] in the relationship between the frequency of non-

solution and off topic comments and the directed brainstorming prompt number. Thus, 

each successive prompt increased the frequency of off-topic and non-solutions by 

approximately 0.4 percent (see Figure 28). 

12 

10 
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Figure 28. Percentage of non-solutions and off topic responses by prompt number for the 
Gompin Crisis task. 

For the School of Business task, a regression analysis revealed that a linear 

relationship also exists between the prompt number and the frequency of off-topic and 

non solutions [F(1,16)=71.916, p<0.001] across all treatments. The intercept for the 

regression function is Y=-2.494 [t=-2.356, p=0.032] and the slope is 0.715 [t=8.480, 

p<0.001]. This regression function explains 81.8 percent of the variance [r-squared = 
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0.818] in the relationship between the frequency of non-solution and off topic comments 

and the directed brainstorming prompt number. Thus, each successive prompt increased 

the frequency of off topic and non-solutions by approximately 0.7 percent (see Figure 

29). 
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15 
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Figure 29. Percentage of non-solutions and off topic responses by prompt number for the 
School of Business task. 

Taken together, Figure 28 and Figure 29 indicate that as the time duration of all 

three directed brainstorming session increased, the subjects were increasingly likely to 

lose task focus and generate non-solutions and off topic comments. Thus, while it 

appears that directed brainstorming kept the subjects on task to a greater extent than did 

the free brainstorming in the control condition, it also appears to have had a negative 

impact as the repetition of the facilitation prompts increased. While Figure 28 and 

Figure 29 obscure specific differences between treatments and between non-solutions 

and off topic comments, they do indicate clear relationships and suggest that the data is 

worthy of a more careful and detailed analysis. 
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Treat Anova Correlation Regression Coefficients Treat 
F(l,18)= Corr n r-square Intercept t Slope t 

Ctrl (NS) 4.432- .444" 20 .198 6.532 4.060' .283 2.105^ 
T1 (NS) 9.582' .589' 20 .347 4.158 4.438' .197 3.096' 
T2 (NS) 8.447' .565' 20 .319 1.332 1.640 .242 2.906' 
T3(NS) 33.918' .808' 20 .653 .637 .763 .406 5.824' 
Ctrl (OT) 28.629' .784' 20 .614 -.684 -.740 .413 5.351' 
T1 (OT) 11.562' .625' 20 .391 -.311 -.369 .239 3.400' 
T2 (OT) 16.976' .697' 20 .485 .021 .021 .350 4.120' 
T3 (OT) 64.657' .884' 20 .782 -2.026 -2.275" .598 8.041' 

' significant at the alpha = 0.01 level," significant at the alpha = 0.05 level 
NS = non-solutions, OT = off topic comments 

Table 20. Regression analyses of non-solutions and off topic comments by prompt 
number for the Gompin Crisis task. 

In order to further explore any potential patterns that may be a result of the specific 

facilitation pattern used for each of the treatments, a detailed analysis was performed on 

the frequency of the non-solutions and off topic comments. For this analysis, the 

frequency of non-solutions and off topic comments was kept separate, and each was 

analyzed with respect to the directed brainstorming prompt number from which the 

comment was most likely to have derived. During the experiment, the EBS software 

was configured such that each solution was both sequentially numbered and time 

stamped according to when it was submitted. Using these two time based markers in 

conjunction with the known two minute interval between the presentation of each 

successive directed brainstorming prompt, the prompt that most likely lead to any 

particular solution can be determined with an accuracy of plus or minus one. Thus, the 

prompt number that most likely lead to any particular solution and the creativity score 

for that same solution are known. Similar determinations for the solutions that resulted 
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from the control condition, which did not receive directed brainstorming prompts, can 

also be made. The overall time duration of the brainstorming session for the control 

condition can be divided into twenty two-minute time periods. Combining these two-

minute time periods with the automatic numbering and time stamping of the solutions, a 

comparison between the control condition and the treatment conditions for both problem 

solving tasks becomes relatively straight forward. 

Pronpt 

Cirl-NS Tl-NS T2-NS T3-NS 

Figure 30. Graph of non-solution frequency by prompt number for the Gompin Crisis 
task. 

Table 20 contains the regression analyses of non-solutions and off topic 

comments for the Gompin Crisis task. The actual frequency data for non-solutions and 
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off topic comments are plotted against the directed brainstorming prompt number in 

Figure 30 and Figure 31, respectively. 

Cirl-OT -A-TI-OT T2-OT T3-OT 

Figure 31. Graph of off topic comment frequency by prompt number for the Gompin 
Crisis task. 

A series of regression analyses was also performed on the non-solution and off 

topic comments with respect to the directed brainstorming prompt number for the School 

of Business task (see Table 21). The actual frequency data of non-solutions and off 

topic comments are plotted against the directed brainstorming prompt number for the 

School of Business task in Figure 32 and Figure 33, respectively. 
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Treat Anova Correlations Regression Coefficients Treat 
F(i,18) Corr n r-square Intercept T Slope t 

C(NS) 1.184 .248 20 .062 5.789 4.214' .125 1.088 
T1 (NS) 37.574' .822' 20 .676 -1.663 -2.025"* .420 6.130' 
T2 (NS) 17.941' .707' 20 .471 .174 .241 .255 4.236' 
T3(NS) 49.736' .857' 20 .734 -1.905 -2.353^ All 7.052' 
C(OT) 25.804' .768' 20 .589 -1.533 -2.032^ .324 5.080' 
T1 (OT) 1.290 -.259 20 .067 .153 1.481 -.0097 -1.136 
T2 (OT) 21.139' .735' 20 .540 -.753 -2.328" .124 4.598' 
T3 (OT) 9.663' .591' 20 .349 -.947 -1.521 .162 3.108' 

' significant at t 
significant at the al 

le alpha = 0.01 level, ~ significant at the alpha = 0.05 level 
pha = 0.10 level, NS = non-solutions, OT = off topic comments 

Table 21. Regression analyses of non-solutions and off topic comments by prompt 
number for the School of Business task. 
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Figure 32. Graph of non-solution frequency by prompt number for the School of 
Business task. 
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Figure 33. Graph of off topic comment frequency by prompt number for the School of 
Business task. 

Across all of the treatment conditions, several statistically significant fmdings with 

respect to non-solutions and off topic comments are common to both problem solving 

tasks. 

• In nearly all cases, as the quantity of directed brainstorming prompts increased, 

the number of non-solutions also increased. 

• In nearly all cases, as the quantity of directed brainstorming prompts increased, 

the number of off topic comments also increased. 
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• The slopes for all of the regression functions are significant and greater than 

zero. 

• The amount of variance explained by the regression functions indicates that the 

relationships between both non-solutions and off topic comments and the 

directed brainstorming prompt numbers are quite strong. 

• The intercept of the regression function for the control conditions for each task 

is much greater than that of any treatment condition. 

• The slope of the regression function in the control condition is much less than 

that of any treatment condition. 

While it may be tempting to conclude that the increase in off topic comments was 

solely the result of frustration and irritation on the part of the subjects due to the 

repetitive style of the directed brainstorming prompts, the presence of this same trend in 

the control conditions of both problem solving tasks might suggest otherwise. Rather, it 

could be that as the brainstorming session extended beyond the fourteenth or fifteenth 

prompt (approximately thirty minutes), the subjects either simply became bored with the 

problem solving tasks or they could no longer think of new ideas. Additionally, subjects 

in the control condition contributed a significantly greater number of non-solutions right 

from the start of the brainstorming session, perhaps an indicator of the lack of task 

structure when compared to the different treatment conditions. 

In addition to the statistically significant findings listed above, several general 

trends are present in the analysis of non-solutions and off topic comments for both 

problem solving tasks: 
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• The quantity of non-solutions grew most slowly with the mixed facilitation 

pattern. 

• The quantity of non-solutions grew most quickly with the heterogeneous 

facilitation pattern. 

• The quantity of off topic comments grew most slowly with the homogeneous 

facilitation pattern. 

• The quantity of off topic comments grew most quickly with the heterogeneous 

facilitation pattern. 

• The quantity of off topic comments remained the lowest for the longest period 

of time with the heterogeneous facilitation pattern. 

Thus, patterns of non-solutions and off topic comments were not the same across 

the three treatment conditions. The data for both tasks shows that subjects remained on 

task longer (fewer number of off topic comments) in the heterogeneous treatment than in 

any other treatment. When the subjects did start to go off task, however, the rate at 

which this happened was greatest in the heterogeneous treatment. The data suggest that, 

in terms of keeping the subjects focused on the task, the best treatment condition might 

result if the heterogeneous treatment was shortened to approximately thirty minutes, 

rather than the forty minute period used in the present study. Also, the notion that the 

subjects grew irritated by the repetitive facilitation technique was also reinforced by 

feedback from the expert judges. For both of the problem solving tasks, more than half 

of the judges made comment to the effect that, based upon the solutions, some of the 

subjects had not given the task a serious effort. 
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In contrast to the trends that were common across the two problem solving tasks, 

there was one significant difference between the two tasks, with respect to off topic 

comments. A comparison of the regression functions for non-solutions and off topic 

comments across both tasks shows no difference in the slope of the regression functions 

between tasks for non-solutions [F(1,6)=0.165, p=.699]; however, there was a significant 

difference between the slopes of the regression functions for off topic comments 

[F(l,6)=6.026, p=0.049]. The difference in the slopes of the off topic comments 

between the two problem solving tasks indicates that the subjects generated a greater 

number of off topic comments in the Gompin Crisis task than they did in the School of 

Business task. This difference could potentially indicate that the subjects felt that the 

School of Business task was the more realistic or that the subjects were more motivated 

by the School of Business task than they were by the Gompin Crisis task. These issues 

are more fully explored in the section below that contains the discussion on the analysis 

of the post-experimental questionnaire data. 

6.5.1.3 Equality of the Facilitation Prompts 

The final item that was explored in the search for possible flaws in the 

experimental methodology that might have lead to the surprising results between 

treatments involved an examination of the relative potency of the facilitation prompts. 

The basic question that was asked concerning these prompts was, "Is each prompt 

equally likely to lead to a creative solution?" More specifically, if any single prompt is 

consistently found to evoke a highly creative solution while some other prompt 
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consistently evokes a solution of very low creativity, the prompts cannot be assumed to 

be equally effective. 

The analysis of the equality of the prompts with regard to creativity might reveal 

inconsistencies in the derivation of the solution criteria for each task. Specifically, it is 

possible that the solution criteria used for the Gompin Crisis task (provide sufficient 

water to the capital, can be implemented quickly, can be implemented inexpensively, are 

easy to implement, and use a small quantity of equipment to implement) and the School 

of Business task (solve the problems faced by the school of business, can be 

implemented quickly, can be implemented inexpensively, are easy to implement, and are 

acceptable to each of the groups in the business school) may be inherently biased toward 

homogeneity or heterogeneity. For example, it can be argued that the solution criteria of 

quick, inexpensive, and easy are more related to one another than are the criteria of 

providing water to the capital and using a small quantity of equipment. If three of the 

prompts are highly similar in nature, it is possible that the resulting patterns of spreading 

activation could be influenced by factors other than the specific manipulation intended 

by the different treatments. 

To investigate the relative potency of each prompt, a series of linear regressions 

was run to explore potential relationships between the prompt number and the 

corresponding level of creativity for all of the resulting solutions. The determination of 

the directed brainstorming prompt number that most likely lead to each solution was 

determined using the previously described methods. 
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Task and 
Treatment 

Correlations Regression Coefficients Task and 
Treatment Corr n r-square Intercept t Slope t 

Gompin TI -0.165' 524 .027 2.89 35.98' -0.028 -3.82' 
Gompin T2 -0.188' 439 .035 2.41 29.93' -0.027 -4.00' 
Gompin T3 -0.188' 481 .035 2.95 29.64' -0.035 -4.19' 
All Gompin -0.188' 1390 .014 2.65 49.78' -0.020 -4.44' 

SOBTl -0.239' 439 .057 2.50 28.82' -0.028 -3.98' 
SOBT2 -0.201' 378 .040 2.50 28.82' -0.028 -3.98' 
SOBT3 -0.158' 340 .025 2.86 24.24' -0.029 -2.95' 
All SOB -0.183' 1157 .033 2.77 46.83' -0.031 -6.32' 

' significant at the alpha = 0.01 level 

Table 22. Regression analyses between prompt number and overall solution creativity. 

Table 22 contains the results of the linear regression analyses that were run to 

investigate any potential relationship between the prompt numbers and the creativity of 

the resulting solutions. While all of the results (correlations and regression coefficients) 

are statistically significant, two of the columns in the table are of particular interest. The 

first is the column that indicates the correlation between prompt number and solution 

creativity. In no case is the magnitude of the correlation greater than 0.239, indicating 

that the correlation present between prompt number and creativity is very weak. The 

second column of interest is the value of the slope coefficient for the regression 

functions. Again, each slope coefficient is statistically significant (likely a result of the 

large number of samples used to perform the analysis), but in no case is the value of the 

slope sufficiently distinct from zero (the greatest slope magnitude is 0.035). In essence, 

all of the above regression functions have a zero slope, which indicates that no 

relationship is present. 



In order to provide a more detailed examination of the potential differences among 

the mean creativity levels for the solutions resulting from each prompt, an analysis of 

variance was performed for each of the problem solving tasks. 

Prompt n Mean Std. Dev. Minimum Maximum 
1.00 87 2.9023 .9318 1.00 4.75 
2.00 83 2.6958 .9031 1.00 4.50 
3.00 73 2.5616 .9805 1.00 4.50 
4.00 81 2.3395 1.0219 1.00 4.25 
5.00 54 2.4630 .9397 1.00 4.00 
6.00 70 2.6964 .9324 1.00 4.25 
7.00 77 2.2305 .9201 1.00 4.50 
8.00 68 2.4228 1.0333 1.00 4.50 
9.00 68 2.5846 .9240 1.00 4.50 
10.00 74 2.5203 .9746 1.00 4.50 
11.00 73 2.3767 1.0351 1.00 4.50 
12.00 59 2.1992 1.0041 1.00 4.50 
13.00 70 2.3250 .9172 1.00 4.00 
14.00 73 2.5171 .9532 1.00 4.75 
15.00 66 2.3864 1.0453 1.00 4.50 
16.00 57 2.2237 1.1006 1.00 4.75 
17.00 65 2.2231 .8862 1.00 3.75 
18.00 67 2.4403 1.0114 1.00 4.75 
19.00 68 2.4412 1.1273 1.00 4.50 
20.00 57 2.1842 1.1324 1.00 4.75 
Total 1390 2.4502 .9991 1.00 4.75 

Table 23. Mean creativity score of all solutions from each prompt for the Gompin Crisis 
task. 

An analysis of variance for the Gompin Crisis task revealed significant differences 

among the mean creativity scores resulting from each prompt [F( 19,1370)= 2.721, 

p<.001] that accounted for 3.6 percent of the total variation [eta-squared = .036]. Since 

the analysis of variance did reveal a significant difference, a post-hoc Tukey analysis 
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was performed to investigate which prompts lead to the significant differences (see 

Table 24). 

Prompt 
Relationships 

Mean 
Difference 

P= 

1 >4 .5628 .030 
1 >7 .6718 .002 

1 > 12 .7031 .004 
1 > 16 .6786 .009 
1 > 17 .6792 .004 
1 >20 .7181 .003 

Table 24. Post-hoc Tukey results for differences among mean creativity from each 
prompt for the Gompin Crisis task. 

A regression analysis of overall creativity by prompt number for all solutions from 

the Gompin Crisis task indicated the presence of a relationship between the mean 

creativity of solutions resulting from each prompt number and the prompt number 

themselves [F(l,1388) = 19.699, p < .001]. This relationship accounted for slightly 

more than one percent of the total variation [eta-squared = .014]. The regression 

function has a Y intercept of 2.655 [t=49.784, p < .001] and a slope of -.0204 [t=-4.438, 

p < .001]. Although the analysis of variance and the results of the regression analysis 

reveal the presence of a significant relationship, the slope of the regression function is 

nearly zero, as is the amount of variance explained by the regression function. It 

appears, therefore, that the relationship that exists between average creativity resulting 

from each prompt and the prompt number itself is extremely weak. 

Thus, the only significant fmding with regard to the relative effectiveness of the 

prompts for the Gompin Crisis task was a trend that the first prompt was more effective 



at eliciting a creative response (in approximately one third of the cases) than was any 

other prompt. This conclusion should be tempered, however, by a further review of 

Table 23 that indicates that maximum creativity score given to the solutions that resulted 

from each prompt. In all cases except for one (prompt number 17), the maximum 

creativity scores are greater than or equal to 4.0 on a 5.0 scale. 

The above analyses were then repeated for the School of Business task. 

Prompt 
n Mean Std. Dev. Minimum Maximum 

1.00 57 2.5307 .8306 1.00 4.50 
2.00 64 2.7852 .7726 1.00 4.50 
3.00 55 2.5909 1.0556 1.00 4.50 
4.00 56 2.5580 1.0445 1.00 4.50 
5.00 61 2.7623 .9303 1.00 5.00 
6.00 56 2.5357 .9810 1.00 4.50 
7.00 60 2.5000 .9043 1.00 4.50 
8.00 63 2.5079 1.1717 1.00 4.75 
9.00 59 2.8093 .8602 1.00 4.50 
10.00 57 2.3246 .9100 1.00 4.00 
11.00 54 2.3981 1.1165 1.00 4.50 
12.00 57 2.1623 .9514 1.00 4.50 
13.00 55 2.7136 .9993 1.00 4.50 
14.00 56 2.5223 1.0026 1.00 4.50 
15.00 59 2.3475 1.0728 1.00 4.50 
16.00 45 2.3111 1.1606 1.00 4.50 
17.00 60 2.3542 .9669 1.00 4.50 
18.00 61 2.1475 .8144 1.00 4.00 
19.00 61 1.9590 .9176 1.00 4.50 
20.00 61 2.0123 .9030 1.00 4.00 
Total 1157 2.4419 .9921 1.00 5.00 

Table 25. Mean creativity score of all solutions from each prompt for the School of 
Business task. 
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An analysis of variance for the School of Business task revealed significant 

differences among the mean creativity scores resulting from each prompt [F(19,l 137)= 

3.772, p<.001] that accounted for 5.9 percent of the total variation [eta-squared = .059]. 

Since the analysis of variance did reveal a significant difference, a post-hoc Tukey 

analysis was performed to investigate which prompts lead to the significant differences 

(see Table 26). 

Prompt 
Relationships 

Mean 
Difference 

P= 

2> 18 .6376 .032 
2> 19 .8261 .000 
2 >20 .7729 .001 
5> 19 .8033 .001 
5 >20 .7500 .003 
9> 12 .6470 .043 
9> 18 .6618 .026 
9> 19 .8503 .000 
9 >20 .7970 .001 

Table 26. Post-hoc Tukey results for differences among mean creativity from each 
prompt for the School of Business task. 

A regression analysis of overall creativity by prompt number all solutions for the 

School of Business task indicated the presence of a relationship between the mean 

creativity of solutions resulting from each prompt number and the prompt number 

themselves [F(l,l 155) = 39.931, p < .001]. This relationship accounted for slightly 

more than three percent of the total variation [eta-squared = .033]. The regression 

function has a Y intercept of 2.769 [t=46.827, p < .001] and a slope of -.0312 [t=-6.319, 

p < .001]. Similar to the regression function for the Gompin Crisis task, the analysis of 

variance and the results of the regression analysis revealed the presence of a significant 
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relationship. The slope of the regression function is nearly zero, however, as is the 

amount of variance explained by the regression function. It appears, therefore, that the 

relationship between average creativity resulting from each prompt and the prompt 

number itself is also very weak. 

Thus, the fmdings with regard to the relative effectiveness of the prompts for the 

School of Business task reveal a trend in which the mean creativity level resulting from 

prompts 18, 19, and 20 is somewhat less than that resulting from prompts 2, 5, and 9. 

Again, this conclusion should be tempered, however, by Table 25 that indicates that 

maximum creativity score given to the solutions that resulted from each prompt. In all 

cases, the maximum creativity scores are greater than or equal to 4.0 on a 5.0 scale. 

Across both problem solving tasks, significant—but very small—relationships 

were found to exist among the mean creativity level of solutions that resulted from 

several of the directed brainstorming prompts. Since the magnitude of these 

relationships are so small (explaining a maximum of 3.3 percent of total variance), it is 

likely that the significance of the above analyses was influenced to a larger extent by the 

large number of samples (n=l388 for the Gompin Crisis task and n=I 137 for the School 

of Business task) than by any actual differences inherent to each of the directed 

brainstorming prompts. Thus, it seems that across both problem solving tasks, all of the 

directed brainstorming prompts are equally likely to evoke a creative solution. 

Furthermore, there does not appear to be any support for the premise that the solution 

criteria used for the two problem solving tasks are inherently similar to one another. 
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6.5.1.4 Summary of Post Hoc Analyses 

The discussions above reveal several general findings as well as several potential 

flaws in the experimental methodology. The general findings that relate to the directed 

brainstorming procedure include the following: 

• The directed brainstorming methodology does appear to keep subjects better 

focused on the task than does simply allowing them to "free brainstorm" as 

they did in the control condition without guidance from a facilitator. 

• The number of duplicate solutions across each task is comparable to that of a 

previously reported EBS study that used multiple dialog sheets. 

• Ail of the directed brainstorming facilitation prompts appear to be equally 

likely to elicit a creative solution. No single prompt was especially poor or 

especially potent. 

Three new potential flaws in the experimental methodology include the following: 

1. Although the directed brainstorming prompts initially helped the subjects 

maintain task focus, the repetitiveness of the directed brainstorming prompts 

appears to have irritated the subjects to the extent that they were eventually 

driven off task as a function of the number of prompts that were presented to 

the groups. 

2. Despite the careful crafting of both task descriptions, it was clear that not all of 

the subjects gave the problem solving task a serious effort. 

3. The time duration for the brainstorming session appears to have been 

approximately ten minutes too long. 



263 

In light of the evidence of trends in the off topic comments during the last ten 

minutes of the directed brainstorming, it might be tempting to simply disregard all 

solutions contributed during the final minutes of the experiment and re-run the above 

analysis. While this truncation would make little difference in the heterogeneous 

treatment condition, it would substantially impact the results of the homogeneous 

treatment. Due to the pattern of prompting in the homogeneous treatment, removing the 

data from the final minutes of the brainstorming session would also mean that the 

subjects would not have been exposed to the prompts that relate to the final task solution 

criterion. Thus, truncating the data would reduce the validity of cross-treatment 

comparisons. 

One interesting point in comparing the comments on the post-experimental 

questionnaire is that several of the subjects in the control condition commented about 

wanting greater structure in the electronic brainstorming process, while the subjects in 

the three treatment conditions commented about the irritating nature of the facilitation 

prompts. This begs the question, "Is there some happy middle ground to these two 

extremes?" This might prove a fruitful line of investigation for future experiments. 

6.5.2 The Possibility of Flawed Hypotheses 

The second possibility that could potentially explain why the experimental results 

did not support Hypothesis 1 or Hypothesis 2 is that the hypotheses are in some way 

flawed. The derivations of Hypotheses 1 and 2 as discussed in Chapter 4 seem to 

logically flow from the model as it is presented in Chapter 3. There do appear to be any 

other clear and logical interpretations of the model that might seem to suggest a different 
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set of hypotheses. Furthermore, due to the existence of the experimental flaws 

highlighted above, it may be somewhat premature to make changes to the hypotheses. 

6.5.3 The Possibility of a Flawed Model 

Finally, the last possibility that could potentially explain why the experimental 

results did not support Hypotheses I and 2 is that the propositions of the model are in 

some way flawed. There is at least one aspect of the model that may complicate the 

current investigation. For example, the constructs Diversity of Stimuli and Cognitive 

Load seem to co-vary. To understand this relationship, consider that when the Diversity 

of Stimuli is low, so too is the resulting Cognitive Load. Similarly, when the Diversity 

of Stimuli is high, so too is the resulting Cognitive Load. While the relationship 

between Diversity of Stimuli and Cognitive Load does not necessarily represent a flaw 

in the development of the model, it can potentially make it more difficult to disentangle 

the effects of each construct upon the resulting creativity of the generated solutions. 

In previous sections, there has been a fair amount of discussion concerning the 

possible impact of several experimental flaws. Due to the existence of these flaws, it 

seems premature to make changes to the model at this point in time. Changing too many 

aspects of the research at once would make it difficult to determine which of the changes 

caused the resulting effects. 

Finally, due to the vast amount of prior research upon which the model is built, 

flaws contained in the propositions of the model seem to be the least likely of the three 

categories of potential flaws. While it may not be prudent to rule out the possibility that 
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the model is flawed, there is currently an insufficient amount of evidence from which to 

justify changes to the model. 

6.5.4 Looking for Other Clues: Post Hoc Explorations 

In addition to the various experimental flaws that have been previously pointed 

out, several other aspects of the data are explored in this section with the intention of 

gaining further insights to the experimental results. 

6.5.4.1 Creativity Differences Between Homogeneous and Heterogeneous Stimuli 

The hypotheses as stated in Chapter 4 make specific predictions about the 

differences in creativity between the homogeneous facilitation pattern and the mixed 

facilitation pattern as well as between the heterogeneous facilitation pattern and the 

mixed facilitation pattern. No specific prediction was made, however, concerning the 

creative performance of the homogeneous facilitation pattern as compared to the 

heterogeneous facilitation pattern. Given that both the homogeneous and heterogeneous 

facilitation patterns lead to greater creativity than did the mixed facilitation pattern, the 

next logical step is to determine which of the former leads to a greater concentration of 

creative solutions. 

Previous analysis in Chapter 5 indicated that significant differences do indeed exist 

between the concentrations of creative solutions that resulted from the three facilitation 

patterns used in the different treatments. The results of subsequent post-hoc Tukey tests, 

shown in Table 27, indicate no significant differences between the concentrations of 

creative solutions due to homogeneous versus heterogeneous stimuli patterns at any 
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creativity threshold level. Thus, the above analysis suggests that the two facilitation 

patterns are equally effective. 

Creativity 
Threshold 

Gompin TI>T3 SOB T1>T3 Creativity 
Threshold Mean Diff P= Mean Diff P= 

2.50 .0220 .971 .0257 .987 
2.75 .0225 .997 .0142 .997 
3.00 -.0325 .875 .0142 .996 
3.25 -.0225 .913 -.0357 .918 
3.50 -.0311 .718 -.0357 .899 
3.75 -.0003 1.00 .0242 .885 
4.00 -.0108 .948 .0185 .912 
4.25 -.0028 .997 -.0214 .740 
4.50 .0001 1.00 -.0328 .364 

Table 27. Tukey post hoc comparisons of concentration of creative solutions between 
homogeneous and heterogeneous facilitation. 

6.5.4.2 Feasibility Data 

Although the Cognitive Network Model of Creativity makes no predictions 

concerning differences in the feasibility of the solutions generated as a result of the 

different treatments, the technical feasibility scores were nonetheless subject to the same 

analyses as were the creativity scores in the hopes of gaining further insights. Table 28 

contains the results of analysis of variance calculations performed on the technical 

feasibility scores for the solutions across both problem solving tasks. 

The analysis of variance revealed no statistical differences between treatment 

means, regardless of the feasibility threshold value used. The absence of statistical 

differences was consistent across both problem solving tasks. Thus, the technical 

feasibility data provides no additional insights concerning differences between the 

facilitation patterns across the treatment conditions. 
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Creativity 
Threshold 

Gompin Crisis Schoo of Business Creativity 
Threshold F(3,32) P= Eta-sq F(3,21) P= Eta-sq 

2.50 2.003 0.133 .158 0.220 0.882 .030 
2.75 1.709 0.185 .138 0.243 0.865 .034 
3.00 1.631 0.202 .133 0.341 0.796 .046 
3.25 1.042 0.387 .089 0.101 0.958 .014 
3.50 2.122 0.117 .166 0.584 0.632 .077 
3.75 1.274 0.300 .107 0.526 0.669 .070 
4.00 2.215 0.106 .172 0.745 0.537 .096 
4.25 1.969 0.138 .156 0.697 0.564 .091 
4.50 1.008 0.402 .086 1.687 0.200 .194 

Table 28. Comparison of feasibility scores for solutions across both tasks. 

6.5.4.3 Analysis of the Most Creative Solutions 

Since the analyses above failed to provide any additional insights concerning the 

differences in the concentration of creative solutions between homogeneous and 

heterogeneous prompting patterns as well as differences in feasibility among the 

treatments, this section provides a more detailed analysis of the most creative solutions 

that resulted from each treatment. 

For the present analysis, the fifty most creative solutions from each of the 

treatment conditions for both the Gompin Crisis task and the School of Business task 

were examined in greater detail. The analysis of the most creative solutions was 

performed with the intention of discovering subtle differences between the treatments 

that could have influenced the obtained differences in the concentration of creative 

solutions. 
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The first stage of analyzing the fifty most creative solutions from each treatment 

was to determine if any relationship was present between the most creative solutions and 

the prompt number from which the solutions are likely to have derived. The method 

used to determine a corresponding prompt number for the control treatment, which 

received no facilitation prompts, was the same method that was described previously. 

The results of the regression analyses are presented in Table 29. 

The only consistently significant result from the regression analyses presented in 

Table 29 is the intercept value of the regression function, which indicates the quantity of 

creative solutions (from the set of the fifty most creative solutions) that resulted from 

each specific prompt. The correlations that are significant are relatively weak, and at 

best, explain approximately twenty percent of the total variance (maximum value of r-

squared is .184). Conceming the slope of the regression functions, the only three slopes 

that are significant do not indicate any type of pattern either across treatments or across 

tasks. The remaining slope coefficients are very close to zero, indicating that no 

relationship exists at all between creativity and prompt number for the fifty most creative 

solutions from each treatment. Since the above analysis failed to yield any meaningful 

insight to differences that might exist between the treatment conditions, two additional 

aspects of the creativity data were explored. 
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Task and 
Treatment 

Anova Correlation Regression Coefficients Task and 
Treatment 

F(l,18) Corr r-square Intercept t Slope t 
Gompin-Ctrl .003 -.013 .000 2.532 3.801' .003 -.054 
Gompin-Tl 3.844' -.420^ .176 3.511 5.970' .0962 -1.961' 
Gompin-T2 4.052' -.429- .184 4.032 4.645' -.146 -2.013' 
Gompin-T3 .939 -.223 .050 3.147 4.129' .0616 -.969 
SOB-Ctrl 2.476 -.348' .121 3.384 5.279' -.0842 -1.573 
SOB-Tl 4.373-' -.442- .195 3.653 5.808' -.110 -2.09' 
SOB-T2 .240 -.115 .013 2.784 4.208' -.0271 -.490 
SOB-T3 

00 

.087 .008 2.168 2.131- .0315 .372 
' significant at the alpha = 0.01 level, " significant at the alpha = 0.05 level, ^ 

significant at the alpha = 0.10 level 

Table 29. Regression analyses between creativity and prompt number for the top fifty 
solutions in each treatment. 

First, the above regression analyses were repeated, but this time the analyses used 

all of the solutions from each treatment that received an average creativity score that was 

greater than or equal to 2.5. The results of these analyses are presented in Table 30. 

With the exception of the data from the subjects in the control treatment for both 

problem solving tasks, there exists a statistically significant relationship between the 

quantity of creative solutions and the directed brainstorming prompts from which they 

derived. Furthermore, there is an interesting pattern that exists in the treatment data 

across both tasks. For both tasks, the intercept for the regression function is greatest for 

the homogeneous treatment, somewhat smaller for the mixed treatment, smaller still for 

the heterogeneous treatment and smallest for the control condition. The regressions also 

indicate that the slope for each regression function is negative, indicating that with each 

passing prompt, the number of creative solutions resulting from the prompt declined. 

The interesting aspect of this data, however, is that across both problem solving tasks. 
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the slope of the regression function is greatest for the homogeneous treatment, somewhat 

less for the mixed treatment, smaller still for the heterogeneous treatment, and smallest 

with the control condition (although the control data is not significant). Thus, across 

both problem solving tasks, the intercept and corresponding slope of the regression 

functions are greatest for the homogeneous treatment and are smallest for the control 

condition. 

Task and 
Treatment 

Anova Correlation Regression Coefficients Task and 
Treatment F(l,18) Corr r-square Intercept t Slope t 

Gompin-Ctrl 1.092 -.239 .057 6.069 5.128' -.103 -1.045 
Gompin-TI 24.323' -.758' .575 7.379 13.353' -.228 -4.932' 
Gompin-T2 22.468' -.745' .555 7.239 13.433' -.213 -4.740' 
Gompin-T3 23.809' -.755' .569 6.555 18.027' -.148 -4.879' 
SOB-Ctrl 2.540 -.352^ .124 6.364 6.401' -.132 -1.594 
SOB-Tl 26.908' -.774' .599 6.875 16.629' -.179 -5.187' 
SOB-T2 6.935- -.527' .278 6.755 8.759- -.170 -2.633-
SOB-T3 12.330' -.638' .407 6.672 12.321' -.159 -3.511' 

' significant at the alpha = 0.01 level, " significant at the alpha = 0.05 level, ^ 
significant at the alpha = 0.10 level 

Table 30. Regression analyses between creativity and prompt number for solutions in 
which the mean creativity score is greater than or equal to 2.5. 

A plausible interpretation of the regression data across the three facilitated 

treatments could be the following. The greatest number of solutions receiving an 

average creativity score of 2.5 or higher resulted from the first several prompts in all 

treatments. A comparison of the intercept values for the different treatments revealed 

that the number of creative solutions resulting from the first several prompts was greatest 

in the homogeneous treatment; however, the rate of decline was also fastest for the 

homogeneous treatment (largest slope magnitude). In contrast, the number of creative 
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solutions that resulted from the first several prompts was least in the heterogeneous 

treatment, as was the rate of decline (smallest slope magnitude). Thus, while the 

performance of the subjects in the homogeneous treatment started off the best, it 

declined the most rapidly. Additionally, while the performance of the heterogeneous 

treatment started off lowest, it declined the most slowly. Speculation might indicate that 

one potential reason for the differences in the slopes of the regression functions could be 

due to an increasing level of frustration with the repetition of the directed brainstorming 

prompts as the subjects worked. Unfortunately, the post-experimental questionnaire did 

not probe the subject's frustration level. 

A second potential explanation for the differences in the slopes of the regression 

functions could indicate the presence of a benefit resulting from increasing the Diversity 

of Stimuli construct in the Cognitive Network Model of Creativity. That is, the 

homogeneous prompting pattern had the lowest Diversity of Stimuli; the mixed 

prompting pattern had a middle level of Diversity of Stimuli, while the heterogeneous 

pattern had the greatest Diversity of Stimuli. For example, when facilitation prompts 

repeatedly focused on the same task solution criterion, as they did for the homogeneous 

treatment, subjects might have exhausted their supply of possible solutions more quickly 

because they may each have been related to one another. By contrast, when the 

facilitation prompts were more diverse, as they were in the heterogeneous treatment, 

subjects may have had a larger ready supply of potential solutions that resulted from the 

diversity of activation. 
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Finally, the regression analyses using all solutions with an average creativity score 

of 2.5 or greater may indicate that for shorter brainstorming sessions, a homogeneous 

facilitation pattern may be most beneficial, whereas for relatively longer brainstorming 

sessions, a heterogeneous facilitation pattern may be most beneficial. 

Since the analysis of the fifty most creative solutions from each treatment failed to 

yield any meaningful insight to differences that might exist between the treatment 

conditions, a second analysis was performed using the fifty most creative solutions from 

each treatment. This new analysis takes both a quantitative and a qualitative look at the 

fifty most creative solutions resulting from each treatment. In order to look for 

quantitative differences between the treatment conditions using the fifty most creative 

solutions, the problem space for the School of Business task was first decomposed into 

its primary components (see Appendix B for additional details on the School of Business 

task). Each of the fifty most creative solutions for each treatment was then categorized 

according to which of the primary components of the problem space it most clearly 

addressed. The results of this categorization are presented in Table 31. 
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SOB Problem Dimensions Control Homogeneous Mixed Heterogeneous 
Low admission standards 3 2 4 5 
Too many raw TAs 4 2 0 2 
111 prepared incoming students 2 4 0 2 
Too many students 2 0 0 1 
Not enough computers 3 1 0 0 
Not enough class sections 2 0 0 2 
Low quality teaching 10 7 16 6 
Overworked faculty 5 7 6 3 
Low quality graduates 2 2 4 2 
Declining research 5 1 2 0 
Faculty resigning 4 3 0 4 
Declining reputation 1 1 0 I 
Declining placement 3 4 6 3 
Limited budget 4 13 12 7 
No more classrooms 0 0 0 0 
Solutions that don't fit above 0 3 0 12 

Total 50 50 50 50 
Number of duplicate solutions 5 2 6 2 

Number of topics not addressed 1 3 8 3 

Table 31. Quantity of most creative solutions that fit problem space categories for the 
School of Business task. 

An analysis of Table 31 reveals some interesting trends. First, the subjects that 

participated in the control condition addressed the greatest number of problem space 

categories, while subjects in the mixed treatment addressed the fewest number of 

problem space categories. Additionally, subjects in the mixed treatment had the greatest 

number of duplicate solutions of any of the treatments. It appears that the mixed 

facilitation pattern caused the subjects to focus on a narrow subset of the entire problem 

space, as more than half of the fifty most creative solutions addressed only two of the 

problem space categories (low quality teaching and limited budget). The most 
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interesting finding of the present analysis, however, is that twelve of the fifty most 

creative solutions resulting from the heterogeneous treatment do not clearly and 

completely fit into any of the problem space categories for the School of Business task; 

these solutions are more broad in the nature of the action they recommend. 

Quantitatively, it is clear to see that of all the experimental treatments, the mixed 

treatment generated the greatest number of duplicate solutions, focused most heavily on 

fewer of the problem space categories, and failed to address the greatest number of 

problem space categories. 

A qualitative assessment of the fifty most creative solutions indicates a very 

different trend than do the quantitative analyses used thus far. Subjects in the control 

and homogeneous treatments contributed solutions that fit very closely the problem 

space categories. Subjects in the homogeneous treatment also generated solutions that 

were highly focused on a single problem space category at a time, whereas the subjects 

in the heterogeneous treatment generated solutions that were broader ranging in nature. 

In fact, subjects in the heterogeneous treatment generated twelve solutions that, due to 

their broader scope, did not directly fit into any of the problem space categories. 

Examples of solutions from the homogeneous treatment that neatly fit into specific 

problem space categories include the following: 

• 'To save money, don't have the air conditioning so low." 

• "Increase the minimum BPA for advanced standing." 

• "Use the alumni to politic for greater state funds." 
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• "Compensate the professors by providing them with housing which can be 

used as a tax benefit for the school." 

• "Require students to participate in internships around the country." 

Examples of solutions from the heterogeneous treatment that did not fit into any of 

the specific problem space categories include the following: 

• "Begin a committee where students and instructors come together to discuss 

problems of the college. This would probably be a good way of generating 

new solutions to the problems." 

• "Go find a school that doesn't have these problems and copy it." 

• "Have an administration that cares about students on an individual basis. This 

is good for both the students and the administration." 

• "Have social events that will allow teachers and students to get to know each 

other outside of the school environment." 

• "Let the students have more of a voice in the way things are run. They are the 

customers here. The college should work with them to make sure their needs 

are being met." 

Thus, while the analysis of the concentration of creative solutions between the 

homogeneous and heterogeneous treatments reveals no statistical difference, closer 

inspection of these two treatments indicates several trends that may be worthy of further 

exploration in future studies. 
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1. The homogeneous facilitation pattern yielded a greater quantity of creative 

solutions early on in the brainstorming session than did the heterogeneous 

facilitation pattern. 

2. The heterogeneous facilitation pattern yielded a greater quantity of creative 

solutions toward the end of the brainstorming session than did the 

homogeneous facilitation pattern. 

3. The heterogeneous facilitation pattern yielded solutions that have greater scope 

or breadth of impact than did the solutions that resulted from the homogeneous 

facilitation pattern. 

Unfortunately, the structure of the Gompin Crisis task does not allow the same 

quantitative and qualitative analyses that were used with the School of Business task to 

be performed. For the School of Business task, the subjects were provided with a set of 

problem symptoms and left on their own to discover the root cause of the problem (see 

Appendix B for details concerning the School of Business task). The core directive of 

the brainstorming prompts for the School of Business task called upon the subjects to 

generate solutions that would "solve the problems faced by the School of Business." 

Thus, the open-ended style of the directed brainstorming prompts allowed the subjects to 

explore a variety of potential solutions. The structure of the Gompin Crisis task, 

however, is very different in nature. For the Gompin Crisis task, the subjects were 

provided with the problem scenario and a list of available resources and their 

corresponding constraints. The core directive of the brainstorming prompts for the 

Gompin Crisis task called upon the subjects to generate solutions that would "provide 
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drinkable water to the residents of the capital within 48 hours." Thus, the goal 

specificity of the directed brainstorming prompts for the Gompin Crisis task may have 

led the subjects to largely ignore the various problem space dimensions and instead 

focused their solutions on various means of providing water. 

Taken together, the quantitative and qualitative analyses performed on the fifty 

most creative solutions to the School of Business task seem to provide some evidence 

that a greater Diversity of Stimuli, which results from the heterogeneous facilitation 

pattern, does yield performance benefits when the resulting solutions are compared to 

those that derive from stimuli that are less diverse (for example, a homogeneous 

facilitation pattern). It is important to keep in mind, however, that analyses performed 

earlier also indicated that the number of off topic comments grew the fastest toward the 

end of the brainstorming session, especially with the heterogeneous facilitation pattern. 

Thus, it might appear that any creativity benefits that derive from a more diverse pattern 

of stimuli might have certain limitations. The above tradeoff in performance suggests 

that additional research on the topic of stimulus diversity may eventually lead to changes 

in the Cognitive Network Model of Creativity. Furthermore, to account for the above 

findings at the present time by making changes to the model seems premature, given the 

list of experimental difficulties presented in previous sections of this chapter. 

6.5.4.4 Analysis of Post Experimental Questionnaire Data 

The final analysis in the search for clues to provide additional insights to the 

differences found in the concentrations of creative solutions that resulted from the 

various facilitation prompting patterns focuses on the responses to the questions 
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contained in the post-experimental questionnaire. The data from this questionnaire that 

relate to the subjects' perception of the problem solving tasks are presented in Table 32. 

Question Gompin Crisis School of Business Question 
Ctrl T1 T2 T3 Ctrl T1 T2 T3 

How difficult was this task? 2.7 2.8 2.7 2.8 2.2 2.6 2.6 2.3 
How realistic was this task? 2.4 2.2 2.9 2.4 3.2 3.5 3.3 3.1 
How engaging was this task? 2.2 1.8 2.0 2.0 2.9 2.3 2.0 1.9 
How much did you participate in this 
idea generating session? 

4.0 3.4 4.3 3.8 4.5 3.8 4.0 3.8 

How satisfied are you with your 
performance on this task? 

nd 2.5 2.8 2.1 3.4 2.7 2.5 2.7 

How stimulating was this task? nd 2.8 3.5 3.3 3.5 3.1 2.9 2.9 
How interesting was this task? nd 2.6 3.5 3.1 3.8 3.2 3.1 2.6 
How motivated were you to generate 
good solutions? 

nd 1.7 2.7 1.7 2.5 1.5 2.3 2.7 

How enjoyable was this experience? nd 3.1 3.6 3.5 3.7 3.5 3.3 2.4 
nd = no data available, l=not at al , 5=very much 

Table 32. Mean responses from post-experimental questionnaire. 

Gompin Questions F P= Eta Sq 

Difficult F(3,146) = .063 .979 .001 
Realistic F(3,146) = .487 .692 .010 
Engaging F(3,146) = 3.817 .011 .073 

Participation F(3,48) = 1.342 .272 .077 
Performance F(3,45) = .407 .749 .026 
Stimulating F(3,45) = .739 .534 .047 
Interesting F(3,45) = .844 .477 .053 
Motivation F(3,45)= 1.527 .221 .092 
Enjoyable F(3,48) = .336 .799 .021 

Table 33. Differences between treatment means, Gompin task. 
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For the Gompin Crisis task, the only significant difference between treatments was 

found for the question concerning the subjects' perception of how engaging the task was 

(see Table 33). A subsequent post-hoc Tukey analysis revealed that the subjects 

considered the mixed facilitation treatment more engaging than both the control 

condition and the heterogeneous treatment (p<.05). In addition, there was a non 

significant trend (p=.178) in which the homogeneous treatment was more engaging than 

the control condition. In general, it appears that the facilitated treatments were more 

engaging for the subjects than the control condition, in which the subjects simply 

interacted with the other group members. 

SOB Questions F P= Eta Sq 
Difficult F(3,97) = .995 .399 .030 
Realistic F(3,97) = .805 .494 .024 
Engaging F(3,97) = 3.451 .020 .096 

Participation F(3,90) = 2.027 .116 .063 
Performance F(3,89) = 2.099 .106 .066 
Stimulating F(3,89) = .823 .485 .027 
Interesting F(3,89) = 2.259 .087 .071 
Motivation F(3,89) = 2.632 .055 .081 
Enjoyable F(3,90) = 4.695 .004 .135 

Table 34. Differences between treatment means. School of Business task. 

For the School of Business task, significant differences were found between 

treatments for the questions concerning the subjects' perception of how engaging the 

task was, how enjoyable the task was, how interesting the task was, and how motivated 

they were to generate good solutions (see Table 34). Subjects considered both the mixed 

heterogeneous facilitation treatments to be more engaging than the control condition 

(p=.053 and p=.015, respectively); the control condition was also deemed more 
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enjoyable than was the heterogeneous treatment (p=.022), as were the homogeneous and 

mixed treatments (p=.013 and .042), respectively. Subjects also felt that the 

homogeneous treatment was more motivating than was the control condition (p=.076), 

and there was a weak trend that the mixed treatment was more enjoyable than the 

homogeneous treatment (p=.169). Finally, subjects felt that the control condition was 

more interesting than did the subjects that participated in the heterogeneous treatment 

(p=.067). 

A third analysis was performed to look for differences between the treatments that 

were common to both of the problem solving tasks (see Table 35). Significant 

differences were found for how engaging the different treatments were, how satisfied the 

subjects felt about their participation in the different treatments, and finally, how 

motivating the different treatments were. Across both the Gompin Crisis and the School 

of Business tasks, post-hoc Tukey tests indicated subjects felt that the homogeneous, 

mixed, and heterogeneous facilitation treatments were each more engaging than did 

subjects in the control condition (p=.033, p=.001, and p=.053, respectively). When 

asked, "How much do you feel you participated in this task?" subjects reported greater 

perceived participation in the control condition than in the homogeneous treatment 

(p=.044) and there was a similar, but non significant, trend that indicated greater 

perceived participation in the control condition than in the heterogeneous treatment 

(p=.107). The subjects also reported statistically greater perceived motivation in the 

homogeneous treatment than in both the mixed treatment (p=.037) and the control 

condition (p=.088). There was also a non-significant trend in which the subjects felt 
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greater motivation in the heterogeneous treatment than in the mixed treatment (p=.134). 

Finally, there was a non-significant trend in which the subjects reported a greater level of 

participation in the control condition than in either the homogeneous or heterogeneous 

facilitation treatments (p=.125 for both). 

Questions F P= Eta Sq 
Difficult F(3,247) = .543 .653 .007 
Realistic F(3,247) = .282 .838 .003 
Engaging F(3,247) = 5.031 .002 .058 

Participation F(3,142) = 3.101 .029 .061 
Performance F(3,148)= 1.386 .250 .029 
Stimulating F(3,138) = .562 .641 .012 
Interesting F(3,138)= 1.602 .192 .034 
Motivation F(3,138) = 3.686 .014 .074 
Enjoyable F(3,142) = 1.488 .220 .030 

Table 35. Differences between treatment means, both tasks. 

The similarities in the treatments across both problem solving tasks clearly 

indicate that the subjects felt the directed brainstorming treatments were more engaging 

than was the control condition. Interestingly, however, the subject also had the 

perception that they participated to a greater extent in the control condition than they did 

in the directed brainstorming treatments. This difference is likely due to a greater 

feeling of "being part of the group" as indicated by the level of conversation (number of 

non-solutions) present in the control condition when compared to the directed 

brainstorming treatments. The reported differences in task motivation are also 

interesting to note, especially in light of the performance differences between the 

experimental treatments. Subjects reported greater motivation in both the homogeneous 

and heterogeneous treatments than they did in the mixed facilitation treatment. 
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Although the various facilitation patterns were not intended to impact task motivation at 

ail, it appears that there may indeed be a connection between these constructs. This 

difference in motivation may highlight the difficulty in isolating certain cognitive and 

behavioral aspects of the problem solving task. 

The final analysis performed on the post-experimental questionnaire was aimed at 

exploring differences between the two problem solving tasks. Significant differences 

were found between the two tasks for several of the questionnaire items. Although post-

hoc Tukey tests cannot be performed because there are only two tasks, a quick 

inspection of Table 32 in conjunction with Table 36 reveals that the subject felt the 

Gompin Crisis task was significantly more difficult than the School of Business task. 

Additionally, the School of Business task was judged significantly more realistic and 

more engaging than the Gompin Crisis task. Finally, subjects felt significantly more 

satisfied with their performance in the School of Business task than they did for the 

Gompin Crisis task. Taken together, these differences between the two problem solving 

tasks seem to indicate that the subjects were more familiar and more comfortable 

working with the School of Business task than they were with the Gompin Crisis task. 

Question F P= Eta Sq 
Difficult F( 1,249) =4.227 .041 .017 
Realistic F(l,249) = 35.398 .000 .124 
Engaging F(l,249) = 7.933 .005 .031 

Participation F( 1,144) = .975 .325 .007 
Performance F(l,140) = 3.119 .080 .022 
Stimulating F( 1,140) = .530 .468 .004 
Interesting F(l,140) = .000 .989 .000 
Motivation F( 1,140) = .004 .948 .000 
Enjoyable F(l,144)= 1.167 .282 .008 

Table 36. Differences between task means, all treatments. 
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Interestingly, while the subjects felt that the School of Business task was more 

realistic than the Gompin Crisis task, the expert judges held just the opposite belief; they 

felt that the Gompin Crisis task was the more realistic of the two (mean score of 4.3 

versus 3.5, respectively). While the difference in the perception of the expert judges 

concerning the two tasks is not significant [F(I,8)=3.077, p=.l 17], it does seem to 

indicate that the Gompin Crisis task was realistically structured, at least in the eyes of 

the experts. That the subjects held precisely the opposite view concerning how realistic 

each task appeared to be probably indicates that the subjects have simply not been 

exposed to situations such as the Gompin Crisis task to the same extent that they have 

been exposed to situations like those presented in the School of Business task. 

6.6 Discussion Summary 

This section provides a summary of the major findings as they relate to hypothesis 

testing. The results of the post hoc analyses and the additional insights that they provide 

are dealt with in Chapter 7, the conclusion to this dissertation. The major findings of 

this study, then, are as follows. 

The inter rater reliability among the expert judges for the Gompin Crisis and 

School of Business tasks was quite high. Analysis indicated that the experts for both 

tasks were able to distinguish between the concepts of creativity and technical feasibility 

while scoring the solutions. Comparisons of the solutions generated by the groups in 

each treatment revealed that subjects who participated in the homogeneous facilitation 

treatment generated a significantly greater concentration of creative solutions than did 

subjects who participated in the mixed facilitation treatment. This finding is the 
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opposite of what was predicted by Hypothesis 1. A similar comparison performed on 

the solutions resulting from the heterogeneous facilitation treatment revealed a 

statistically greater concentration of creative solutions than that which was generated by 

the subjects in the mixed facilitation treatment. This finding is contrary to the prediction 

made by Hypothesis 2. Thus, neither of the first two hypotheses received any support. 

Hypothesis three received only partial support. For both tasks, the concentration of 

creative solutions resulting from the homogeneous and heterogeneous facilitation 

patterns was greater than that resulting from the control condition. Thus, Hypothesis 3a 

and 3c are supported, but not Hypothesis 3b, which stated that the concentration of 

creative solutions resulting from the mixed facilitation treatment would be greater than 

that of the control condition. 

The primary manipulations of the Cognitive Network Model of Creativity 

predicted by the hypotheses to occur involved the Diversity of Stimuli and Cognitive 

Load constructs. Unfortunately, manipulation checks for these two constructs of the 

model were not sufficiently performed in the post-experimental questionnaire. For the 

Cognitive Load construct, the best surrogate available from the questionnaire involved 

the perceived task difficulty resulting from each treatment. Analysis of variance 

procedures, however, revealed no difference in the task difficulty among the treatments. 

Further regression analyses revealed no relationship between the subject's reported level 

of task difficulty and the resulting level of creativity for the solutions generated by the 

subjects. Thus, it appears that the Cognitive Load construct of the Cognitive Network 

Model of Creativity was not sufficiently manipulated as was intended. Examining the 
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pilot data from the Gompin Crisis task confirms that steps were taken to make the task 

easier in response to complaints from subjects upon completing the task, thus lending 

more evidence that the treatments did not sufficiently manipulate Cognitive Load. 

The most likely explanation for the differences in concentration of creative 

solutions among the treatments rests with the Diversity of Stimuli construct. 

Accordingly, the subjects in the homogeneous treatment had the benefit of highly 

focused or "deep" spreading activation, while the subjects in the heterogeneous 

treatment had the benefit of broadly focused or "wide" spreading activation. With deep 

spreading activation, it is likely that continuously pushing subjects along the same task 

solution criterion has the benefit of moving them past the simple and obvious types of 

solutions to the task increases the likelihood that new combinations of remote frames are 

then more easily discovered. Correspondingly, with wide spreading activation, frames 

are activated from very diverse areas of knowledge, thus similarly increasing the 

likelihood that new combinations of remote frames can be formed into creative 

solutions. In contrast, subjects participating in the mixed experimental treatment had 

neither of these potential benefits, thus explaining the differences in the concentration of 

creative solutions among the treatments for both problem solving tasks. 

None of the other analyses described in this chapter provided any additional 

insights to other factors that may have caused the differences found among the 

treatments. 
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Chapter 7 contains a brief summary of the limitations of the present study and 

suggests some possible future directions that can shed more light on the current findings. 

Finally, implications for researchers and practitioners are offered. 
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CHAPTER 7 - CONCLUSION 

This chapter provides a summary of the experimental findings concerning this first 

effort to evaluate the Cognitive Network Model of Creativity. Following this summary 

is a discussion of existing limitations that may serve to constrain these findings. Next, 

the contributions of the present study are summarized, as are the implications for the 

model, researchers, practitioners, and GSS software developers. The findings of the 

present study clearly highlight the need for further research on the topic of facilitated 

problem solving and creativity. Finally, some potential future directions are indicated. 

7.1 Summary of Results 

The results of the present study are presented in three sections. The first section 

summarizes the results of the hypothesis testing. Since the results of the first two 

hypotheses were opposite of what was expected, the second section summarizes the 

explanation of these unexpected results. Finally, the third section summarizes other 

findings that were discovered during post-hoc explorations of the data. 

7.1.1 Hypothesis Testing Results 

Hypothesis 1 predicted that groups participating in the mixed facilitation treatment 

Would generate a greater concentration of creative solutions than would similar groups 

participating in the homogeneous facilitation treatment. Similarly, Hypothesis 2 

predicted that groups participating in the mixed facilitation treatment would generate a 

greater concentration of creative solutions than would groups participating in the 
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heterogeneous facilitation treatment. Neither of these two hypotheses were supported by 

the experimental data. Rather, the opposite results were found. Groups that participated 

in the mixed facilitation treatment were significantly outperformed both by groups that 

participated in the homogeneous facilitation treatment and by groups that participated in 

the heterogeneous facilitation treatment, regardless of the specific creativity threshold 

value (which ranged from 2.5 through 4.5 in 0.25 increments) used to perform the 

analysis. Furthermore, the size of the experimental effect due to treatment varied across 

creativity threshold values, explaining anywhere between 45 and 93 percent of the total 

observed variance. Thus, the effects of treatment upon creativity are insensitive to the 

specific creativity threshold value used to perform the analysis and appear consistently 

across both problem solving tasks. 

Hypotheses 3a, 3b, and 3c respectively predicted that groups participating in the 

homogeneous, mixed, and heterogeneous facilitation treatments would each generate a 

greater concentration of creative solutions than would groups participating in the control 

treatment (in which no facilitation occurred). Hypotheses 3a and 3c received only 

partial support. That is. Hypotheses 3a and 3c were only supported when the creativity 

threshold values were more moderate (for example, not near either threshold extreme of 

2.5 or 4.5). Hypothesis 3b received no support at all; the performance of the groups in 

the mixed facilitation treatment was not statistically different than that of the groups in 

the control condition. 

Additionally, inter rater reliability among the expert judges for both the Gompin 

Crisis task and the School of Business task was very high. It also appears that the judges 
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were able to distinguish between concepts of creativity and technical feasibility as they 

scored the solutions from each task. All of the results described thus far apply equally to 

both the Gompin Crisis task and the School of Business task, thereby reducing the 

possibility that the obtained results are somehow spurious. 

7.1.2 Explaining the Unexpected Results 

According to the Cognitive Network Model of Creativity, the homogeneous, 

mixed, and heterogeneous treatment conditions were designed to vary the Diversity of 

Stimuli and Cognitive Load of the subjects as they generated solutions to the problem 

tasks. By providing four consecutive directed brainstorming prompts from the same task 

solution criterion, the homogeneous directed brainstorming treatment was designed to 

maximize the available cognitive resources and provide low diversity of stimulation for 

the subjects. Conversely, by rotating the solution criterion after each directed 

brainstorming prompt, the heterogeneous directed brainstorming treatment was designed 

to maximize the diversity of stimulation and as well as the level of cognitive load for the 

subjects. Finally, by providing only two consecutive directed brainstorming prompts 

from the same task solution criterion, the mixed directed brainstorming treatment was 

intended to provide median levels of stimuli diversity and cognitive load for the subjects 

as they worked. Several different analyses of variance and regression analyses, 

however, revealed that it is unlikely that the treatments manipulated the cognitive load of 

the subjects. In the likely absence of an experimental manipulation of cognitive load, 

the principles of spreading activation remain the most viable means by which to explain 

the obtained differences between treatments across both tasks. 
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The search for potential benefits resulting from the homogeneous and 

heterogeneous treatments revealed the following. The homogenous pattern is likely to 

have helped the subjects to explore very narrow areas of their cognitive networks very 

thoroughly (deep spreading activation), providing the advantage of depth of activation 

along any single solution criterion. This depth could serve to push the problem solvers 

to remote and highly focused areas of their knowledge networks. Then, when frames 

that derive from other areas of the knowledge network become salient, there is a high 

likelihood of combining them with other frames that are already salient. Thus, the 

associative distance between salient frames is likely to be very long, thereby increasing 

the Likelihood of Forming New Associations and leading to the production of creative 

solutions. Conversely, the heterogeneous pattern is likely to have helped the subjects 

explore very "broad" areas of their cognitive networks. Here, the specific advantage lies 

in the broad range of areas in the subjects' knowledge network from which the salient 

frames are likely to have originated. The diversity that resulted from the frequent 

rotation of task solution criteria is also likely to have lead to long associative distances 

between salient frames, thus increasing the Likelihood of Forming New Associations. In 

this respect, it may seem reasonable to expect the performance of subjects that received 

the homogeneous facilitation pattern to approximate the performance of subjects that 

received the heterogeneous facilitation pattern. Thus, it now seems possible that there is 

more than one way to achieve the diversity of stimuli that many researchers claim is so 

vital to creativity. 
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Finally, in contrast to the subjects in the homogeneous and heterogeneous 

treatments, the subjects that participated in the mixed facilitation treatment had neither 

of the benefits described above. Since the subjects in the mixed treatment received only 

two consecutive prompts before the task solution criterion was changed, it is likely that 

there would not have been enough stimulation depth to push the subjects beyond the 

immediately obvious or simple solutions, nor would there have been breadth of the task 

solution criteria to allow a sufficiently larger number of diverse frames to 

simultaneously occupy working memory. Thus, under the present experimental 

conditions, it would be expected that subjects participating in the mixed facilitation 

treatment would not perform as well as subjects in either the homogeneous or the 

heterogeneous treatment. 

This explanation, based upon the diversity of stimuli to which the subjects in the 

various treatments were exposed, is able to account for all of the results of hypothesis 

testing. 

7.1.3 Other Interesting Findings 

Due to the appearance of unexpected results during hypothesis testing, several 

post-hoc analyses were performed to further explore the data. These analyses revealed 

many subtle differences between the experimental treatments, as well as several 

potential flaws in the experimental methodology. The summary of the flaws can be 

found in the subsequent section that deals with the limitations and flaws of the study. 

Analysis of the directed brainstorming prompts themselves across the experimental 

treatments and both problem solving tasks indicated that, within reason, all of the 
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prompts were equally likely to elicit a creative solution. That is, no single prompt 

consistently resulted in either very high or very low creativity scores. Additionally, a 

comparison between the control condition and the experimental treatments indicated that 

directed brainstorming, as a general technique, kept the subjects better focused on the 

task at hand. In contrast to the findings on the resulting concentrations of creative 

solutions, the homogeneous, mixed, and heterogeneous treatments appear to have had no 

statistical impact upon the technical feasibility of the solutions that were generated. 

Thus, for both problem solving tasks, there was no difference in the concentrations of 

feasible solutions, regardless of the specific facilitation pattern that was used. 

Although there were signiHcant differences in the concentrations of creative 

solutions between groups receiving homogeneous and mixed facilitation patterns as well 

as between groups receiving heterogeneous and mixed facilitation patterns, there were 

no statistical differences in the concentrations of creative solutions between groups 

receiving the homogeneous and heterogeneous facilitation patterns. 

Furthermore, regression analyses of all solutions across both problem solving tasks 

revealed no statistical relationships between the overall creativity of solutions that 

resulted from each directed brainstorming prompt and the prompt number itself. When 

the scope of the above analyses was reduced to include only those solutions in which the 

mean creativity score was equal to or greater than 2.5 on a five point scale, however, 

several significant trends emerged that were consistent across both problem solving 

tasks. First, solutions that were generated in response to the first several prompts were, 

on average, the most creative, while solutions generated in response to the last several 
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prompts were, on average, the least creative. Thus, all of the regression functions had a 

negative slope. This declining trend was significant across all experimental treatments. 

Several other interesting findings with regard to these regressions also emerged. First, 

the Y-intercept of the functions was greatest in the homogeneous treatment, slightly less 

in the mixed treatment, less again in the heterogeneous treatment, and lowest in the 

control treatment. Second, the pattern of slopes of the various regression functions 

mirrored the pattern with the Y-intercepts. The slope was greatest (largest negative 

slope) in the homogeneous treatment, somewhat less for the mixed treatment, lower still 

for the heterogeneous treatment, and least in the control condition. Interestingly, the 

regression functions for the homogeneous and heterogeneous treatments intersect one 

another precisely half way through the twenty prompts. Thus, while the homogeneous 

prompts elicit more creativity during the first ten prompts, the heterogeneous prompts 

elicit more creativity during the last ten prompts, effectively balancing one another out. 

When the scope of the above regression analyses was again narrowed to include 

only the top fifty most creative solutions from each treatment, the linear relationships 

between prompt number and resulting creativity levels were no longer evident; however, 

a new trend emerged. For the School of Business task, analysis of the fifty most creative 

solutions revealed that those resulting from the homogeneous treatment were very 

narrowly focused. That is, each solution typically addressed only a single dimension of 

the problem space (see Appendix B for details concerning the School of Business task). 

For the heterogeneous treatment, however, nearly twenty five percent of the solutions 

were so broad reaching in nature, that they could not be classified according to any 
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single problem space dimension. Finally, subjects in the mixed facilitation treatment 

generated the greatest number of duplicate solutions and ignored the greatest number of 

problem space dimensions. 

The last set of findings has to do with the post-experimental questionnaire data that 

was collect upon the completion of the problem solving tasks. At the task level, the 

subjects felt that the School of Business task was more realistic than the Gompin Crisis 

task, although the expert judges held the opposite point of view. The subjects also felt 

that the Gompin Crisis task was significantly harder than was the School of Business 

task. Subjects reported that the School of Business task was more engaging than the 

Gompin Crisis task and that they were more satisfied with their performance on the 

School of Business task than they were with their performance on the Gompin Crisis 

task. At the treatment level, subjects across both tasks found the directed brainstorming 

treatments to be more engaging than did subjects in the control condition. Finally, the 

participants reported higher levels of motivation for the homogeneous and 

heterogeneous treatments than for either the control condition or the mixed treatment. 

An important aspect of this last finding is that it parallels the pattern found in the 

concentrations of creative solutions among the different treatment conditions. 

7.2 Limitations and Flaws of the Study 

The Cognitive Network Model is based on fundamental assumptions about the 

nature of the human mind. These assumptions appear to have strong support in the 

cognitive psychology literature. Furthermore, these assumptions theoretically apply 

uniformly across all human populations, so the model suggests that results should 
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generalize across all human populations. Theory is often informed by field experience, 

however, so one should remain cautious about generalizing beyond the initial subject 

population until further tests have been conducted with other populations. Additionally, 

this research investigated only one aspect of the creative process - framing the solution 

space. One should remain cautious about generalizing to other tasks and domains until 

this study has been replicated with other types of tasks. The remainder of this section 

contains summaries of limitations and flaws that apply to the study itself, to the 

assumptions made during the study, and finally to the experimental methodology 

employed to investigate the Cognitive Network Model of Creativity. 

7.2.1 The Study Itself 

There are several limitations that apply to the study as a whole. As other 

researchers have noted, the use of student subjects limits the ability to generalize the 

results of this study to other populations. Additionally, there is the threat that the 

students did not give the problem tasks a serious effort while they were generating 

solutions. This threat is evident in the trends of off topic comments that were discussed 

in Chapter 6 and was reflected in the comments of the judges that scored the solutions. 

Under ideal circumstances, individuals such as the expert judges that scored the 

solutions would serve as subjects. One encouraging aspect of the interaction with the 

expert judges that scored the Gompin Crisis data is the close parallel in structure 

between the Gompin Crisis task and the manner in which the American Red Cross 

conducts its own internal disaster relief training sessions. Unfortunately, the geographic 
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dispersion and busy schedules of the American Red Cross natural disaster relief 

specialists makes this alternative infeasible. 

Another major limitation to the present study is that it investigated only a single 

aspect of creative problem solving: framing the solution space. Since the present 

research is largely exploratory in nature, it is likely that several other techniques exist 

from which similar investigations could be performed. Thus, it is likely that the only 

way to reduce the limitations of the present study is through additional experimentation. 

Finally, within the context of the Four P's of creativity (Rhodes, 1961), the Person 

and Press theoretical perspectives could have potentially influenced the present results. 

While all data collection session took place in similarly equipped computerized 

classrooms, no specific efforts were made to control for various influences due to the 

Person perspective. In some creativity research, subjects are divided into specialized 

groups for participation based upon their respective score on specific creativity tests, 

such as those introduced in Chapter 1. No such efforts were made for this study. 

7.2.2 Assumptions made during the study 

Several assumptions were made during the course of this study. These 

assumptions have served primarily to simplify the study or constrain its scope within 

more manageable parameters. 

The first assumption has to do with the derivation of the Cognitive Network Model 

itself, as described in Chapter 3. The specific assumption is that all of the causal 

propositions (arrows) in the model have approximately equal weight, or impact, upon the 

creativity of solutions that are generated. Although the present study does not suggest 



297 

which of these propositions may be stronger than others, it is, nonetheless, highly 

unlikely that each has equal weight. 

A second assumption made was that both problem solving tasks would appear 

realistic and interesting to the subjects. The results of the post-experimental 

questionnaire clearly demonstrated that this was not the case. However likely it may be 

that the differences in task difficulty and the realistic nature of the task could have 

influenced the creativity results, the results are nonetheless consistent across both 

problem solving tasks. 

Finally, this study completely ignored potential social or behavioral aspects that 

may have influenced the results. Since the data from the post-questionnaire indicated 

that the School of Business task was more motivating and more satisfying than the 

Gompin Crisis task, it is perhaps much more difficult than was originally imagined to 

separate behavioral and cognitive aspects of the task or model. 

7.2.3 Methodology 

The first and most obvious difficulty with the methodology used to perform the 

present study is that the different directed brainstorming treatments did not appear to 

have manipulated the cognitive load of the subjects as they generated solutions to the 

problem tasks. Evidence that supports the failure to manipulate cognitive load derives 

from the post-experimental questionnaire and from feedback from the Gompin Crisis 

pilot study. Since cognitive load was not manipulated during this study, the ability of 

the data to lend support to the Cognitive Network Model of Creativity has been 
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somewhat diminished. Perhaps this problem could have been avoided if the problem 

solving tasks had been more thoroughly piloted. 

A second possibility of a methodological flaw could have resulted in a bias with 

respect to the results of the comparison between the directed brainstorming treatments 

and the control condition in which the subjects brainstormed on. While the subjects in 

the directed brainstorming treatments received periodic prompts that were directly 

related to the task solution criteria, the subjects in the control condition were never made 

aware of those same criteria. Perhaps if each of the electronic discussion sheets in the 

electronic brainstorming software was "seeded" with a directive that derived from each 

of the task solution criteria, a more fair comparison between the control conditions and 

each of the facilitated treatments could be made. With the current methodology, subjects 

that participated in the facilitated treatments had not only the benefit of the periodic 

prompting but also the benefit of exposure to each of the task solution criteria. 

Third, there remains the possibility that the purity of the directed brainstorming 

treatments, in terms of homogeneity and heterogeneity, were interfered with by the 

instructions for the subjects to read the solutions generated by their fellow group 

members. Although the analysis of the variety of stimuli present in each of the 

facilitated treatments revealed that they are likely to have preserved the intended low, 

median, and high diversity of stimuli, there remains the possibility of an uncontrolled 

interaction between listening to the prompts and reading the solutions generated by 

others. One potential way to examine this possibility in greater detail would be to 

perform the experiment again using individuals, not groups. 
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The fourth potential flaw with the present study concerns the directed 

brainstorming technique. Across both problem solving tasks, the rapid rise in the 

quantity of non-solutions and off topic comments toward the end of the brainstorming 

session provides evidence that some form of boredom or frustration had set in. For 

example, analysis indicated that the greatest quantity of off topic comments resulted 

from the heterogeneous treatment and that a greater quantity of off topic comments 

resulted from the Gompin Crisis task than from the School of Business task. Although 

an analysis of the data from the control conditions showed a similar spike in off topic 

comments toward the end of the brainstorming session, the effect was greater in the 

Gompin Crisis task than it was in the School of Business task. Perhaps the present 

brainstorming sessions based upon the technique of solution space decomposition as 

performed in this study would have been better off if they were limited to thirty rather 

than forty minutes. Another possibility is that better or more interesting task solution 

criteria could have been devised for use as the foundations of the directed brainstorming 

prompts. 

The fifth flaw in the methodology deals with the contents of the post-experimental 

questionnaire. Not only does it appear that the experimental methods used during this 

study failed to manipulate cognitive load, but also it is quite clear that the questionnaire 

failed to provide sufficient manipulation checks on cognitive load, diversity of stimuli, 

and other constructs that may have been useful in assessing the experimental outcomes. 

Other potentially effective topics to probe with the questionnaire could include attempts 

to differentiate between the positive or negative influences of the directed brainstorming 
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prompts as well as assistance or distraction caused by reading the solutions from the 

other group members. 

The sixth potential difficulty arising from the present study is that the Gompin 

Crisis task was not perceived to be realistic in the eyes of the subjects. Perhaps the 

Gompin Crisis task could be made more salient to the subjects with the addition of 

appropriate video news footage of similar natural disasters, by changing other aspects of 

the task description. One of the American Red Cross disaster relief specialists made 

several comments concerning the structure of the Gompin Crisis task that could 

potentially make the task seem more realistic or complete. These comments tended to 

focus on certain critical details that were not included in the description of the Gompin 

Crisis task, such as the following: 

• How far is the Gompin Nation from the mainland? 

• How far is the Gompin Nation from other islands? 

• Furthermore, the description in the available resources of "a single engine 

plane" is a bit vague. Is it a propeller driven plane or a small jet? 

The questions above lead to the obvious conclusion that one or more of the expert 

judges should have been involved with the creation or fmalization of the task 

description. Although similar feedback was not received from the university 

administration experts, it is likely that the School of Business task may be similarly 

improved by involving the expert judges in the revision of the problem statement. 
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7.3 Contributions and Implications 

This section highlights contributions made by the present research and the 

implication that these results have for the model itself, for researchers, for practitioners, 

and for Group Support Systems software designers. The contributions indicated below 

are believed to be relatively strong, since similar patterns of findings were obtained 

using two different problem solving tasks from two different domains. 

7.3.1 Implications for the Cognitive Network Model of Creativity 

Chapter I presented the research questions that provided the motivation the present 

study. For convenience, they are repeated here: 

1. What is the basic cognitive mechanism responsible for producing creative 

solutions to a problem? 

2. How can such a basic causal mechanism of creative solution production 

be leveraged to help people overcome the limitations discussed above 

and generate creative solutions to problems? 

Chapter 1 presented an overview of existing creativity literature and then argued 

that the existing theories do not sufficiently explain a cognitive mechanism of creative 

solution production in a problem solving environment. Chapter 2 integrated literature 

from three bodies of research: creativity, organization of memory and knowledge in the 

human mind, and the role of cognition and knowledge in problem solving. The literature 

reviewed in Chapter 2 became the foundation upon which the Cognitive Network Model 

of Creativity was derived in Chapter 3. Thus, the first three chapters of this dissertation 

represent an effort to answer the first research question. Chapter 4 presented the design 
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of a controlled laboratory experiment based upon manipulations suggested by the 

Cognitive Network Model of Creativity in order to study their impact upon creative 

solution generation. The results and their interpretations, as presented in Chapters 5 and 

6, represent an effort to answer the second research question. The primary question that 

remains, then, is, 'To what extent have each of the research questions presented above 

been addressed?" 

As a first step in the exploratory research described in this dissertation, the 

Cognitive Network Model of Creativity has proven to be useful in learning about the 

creative process. The model suggests three manipulations that will potentially affect the 

resulting creativity of solutions generated in response to a problem task: varying the 

Diversity of Stimuli, varying the Cognitive Load of the problem solvers, and varying the 

Quantity of Stimuli per Unit of Time. This study made no attempt to vary the Quantity 

of Stimuli per Unit of Time to which the subjects were exposed. Conversely, a great 

deal of effort went into designing and delivering stimuli at a very consistent rate to 

minimize the potential impact of this construct of the model. The intent behind the 

design of the experiment (the different ordering of the same set of facilitated 

brainstorming prompts for the homogeneous, heterogeneous and mixed treatments) was 

to simultaneously manipulate the Diversity of Stimuli and the Cognitive Load constructs 

of the model. Astute readers will recognize that the latter manipulation contains a 

confound between Cognitive Load and Diversity of Stimuli. For example, both 

Diversity of Stimuli and Cognitive Load were proposed to be relatively low in the 

homogeneous treatment and relatively high in the heterogeneous treatment. Had the 



303 

manipulation worked as it was designed to (for example, had all of the hypotheses been 

supported), separating the extent to which Diversity of Stimuli influenced the results 

versus the extent to which the various levels of Cognitive Load influenced the results 

would have been extremely difficult. 

The present experiment, however, appears to have failed to manipulate Cognitive 

Load. As a result, the confound between Cognitive Load and Diversity of Stimuli 

appears to have been effectively removed, thereby allowing detailed analysis of the 

impacts related to the Diversity of Stimuli construct in the model as it relates to the 

generation of creative solutions. In this respect, the model has proven itself useful in 

addressing each of the research questions posed above. For example, as a representation 

of a basic cognitive mechanism responsible for producing creative solutions to a 

problem, the model has suggested manipulations of this causal mechanism that have 

resulted in a great deal of learning about the process of generating creative solutions. 

Specific contributions are highlighted in the subsequent discussions. 

Given the variety of limitations and flaws of the present study in the previous 

section, however, it is too soon to effect changes in the model. The distinction between 

deep and broad spreading activation that seems to have resulted from manipulating the 

Diversity of Stimuli construct, however, does appear to be worthy of further study and 

may eventually require that changes be made to the model. 

7.3.2 Contributions to Researchers 

It may often be the case that the next paper in a long stream of published research 

is not as enthusiastically received as is the first paper in a new stream of research due to 



304 

the perception that as the stream of research matures, there is correspondingly less and 

less to leam. In this respect, it is hoped that the present research may one day be viewed 

a crossover point from a well established stream of research, such as electronic 

brainstorming, to a new stream of research: research that draws upon the foundations of 

cognition to inform and direct electronic brainstorming research with the intention of 

learning how to improve creative solution generation. 

The most salient finding of the present research is that seemingly small details 

concerning the methodology used to interact with subjects as they generate solutions to a 

problem have demonstrably large impacts upon the creativity of those solutions. In the 

present experiment, the subjects in three directed brainstorming treatments received the 

exact same set of twenty facilitation prompts. The only experimental manipulation 

involved a systematic variation of the order in which the prompts were delivered to the 

subjects. The differences in the concentration of creative solutions generated by the 

groups that resulted from the variations in prompt order suggest that there is still much to 

leam about how changes to minute details can have large impacts upon the creative 

process. 

Most importantly, however, this study represents a first step toward a systematic 

investigation of creative solution production using an electronic brainstorming 

environment that is firmly guided by research in cognition. This theoretical grounding 

in cognition is largely absent in the electronic brainstorming literature. The one notable 

exception to this claim (Nagasundaram & Dennis, 1993), however, provided no data by 

which to evaluate the model. 
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Finally, the implications of the present findings for researchers are clear: there is 

still much to be learned about how cognition can inform the use of electronic 

brainstorming tools to enhance creative solution production. 

7.3.3 Contributions to Practitioners 

The present study makes several contributions to practitioners who wish to use 

electronic brainstorming tools to help groups of individuals generate creative solutions to 

problems. 

First, it is important to recognize that there may be circumstances in which an 

important aspect of the outcome includes relatively high amounts of conversation 

between the group members concerning the solutions they are generating. In this case, 

unstructured brainstorming, such as that used by the subjects in the control condition, 

may be appropriate. The drawback to this method, at least as evidenced by the larger 

number of non-solutions generated in the control condition of the present study, is that 

the overall concentration of creative solutions will not be a high as it could be using 

other methods explained in the present study. 

With respect to the specific facilitation patterns used in the different experimental 

treatments of the present study, there are also some important distinctions to be made 

with respect to the desired outcome (see Table 31 in Chapter 6). For example, if the 

desired outcome is to generate creative solutions that are highly and deeply focused on 

individual problem space dimensions, the homogeneous directed brainstorming 

technique is most appropriate. In other circumstances, the desired outcome may be to 

generate creative solutions that are very broadly focused and take into account a great 
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many of the problem space dimensions. In this case, the heterogeneous directed 

brainstorming technique is most appropriate. Note that, for both of these directed 

brainstorming techniques described in the present study, the researcher should be aware 

of the increasing presence of non-solutions and off topic comments that may result after 

approximately thirty minutes. 

With respect to the specific experimental treatments employed by the present 

study, it may be possible to provide some additional advice to practitioners. For 

example, if there is only a short amount of time available for electronic brainstorming, it 

may be best to work with a homogeneous prompting pattern due to the greater quantity 

of creative solutions early on in the process, relative to the other treatments. If the 

amount of time is sufficiently longer, it may be advantageous to use a homogeneous 

prompting pattern during the first half of the electronic brainstorming exercise and then 

switch to a heterogeneous prompting pattern during the second half of the brainstorming 

exercise. 

Finally, the present study suggests that the mixed directed brainstorming technique 

should be used with great care. Subjects that participated in the mixed treatment not 

only generated a significantly lower concentration of creative solutions than did subjects 

in the homogeneous and heterogeneous treatments, but also generated the greatest 

amount of redundant solutions and ignored the greatest number of problem space 

dimensions of any treatment. 
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7.3.4 Contributions to GSS Software Developers 

The long term goals for the present line of research include providing guidance for 

software developers. This guidance will help with the development of software that 

embodies different techniques that can be used by a manager or facilitator without the 

need to understand the intricacies of the theoretical model. Since this is merely the first 

study that explores the viability of the Cognitive Network Model of Creativity, the 

advice to Group Support Systems software developers at the present time is limited to 

the context of the advice provided for practitioners indicated above. 

Specifically, it may be worthwhile to develop automated, wizard-like "templates" 

that could then be applied to a variety of situations. These templates could be interactive 

to the user first choose an appropriate desired outcome for the solution generation 

session. It is possible that, when the exact nature of the problem is not well known, 

unaided brainstorming, such as that used by subjects that participated in the control 

condition, may be useful to help gain a better understanding of the problem. Thus, the 

level of general discussion, as indicated by the presence of non-solutions, may help to 

uncover important aspects of the problem or solution space. Once these aspects have 

been determined, it may be more appropriate to then switch to a more focused directed 

brainstorming methodology such as that represented by the use of homogeneous or 

heterogeneous facilitation patterns. 

The role of the template, then, would be to help guide the user of the software to 

choose the most appropriate brainstorming configuration to meet the specific demands of 

the task. Further support could be offered to the user by suggesting potential ways to 
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decompose the solution space. For example, a list of potential task solution criteria 

(such as those suggested by Couger, 1995, that were used to guide the present research) 

could be built into the software. After the appropriate task solution criteria were chosen 

or identified, the software could then automatically prepare the specific sequences of 

prompts for the user to meet the necessary criteria for homogeneous or heterogeneous 

prompting patterns. Throughout the above automated stages, the user would have the 

ability to override, or change, any of the specific task solution criteria suggested by the 

software in order to achieve a better fit of the electronic brainstorming tool and the target 

task. Thus, accommodating the different principles indicated above will require a 

certain degree of flexibility for the software to be able to accommodate various goals 

and outcomes based upon the experimental findings as they relate to depth versus 

breadth of spreading activation that results from the directed brainstorming prompts. 

7.4 Future Directions 

Given the preceding discussions, several avenues of future directions for the 

present study are indicated below. 

First, since the present study seems to have failed to manipulate the cognitive load 

of the subjects as they generated solutions to the problem solving tasks, it would be 

interesting to attempt to isolate the effects upon the creativity of solutions due to 

cognitive load, much as the present study seems to have isolated the effects upon 

creativity due to diversity of stimuli. Perhaps the easiest way to manipulate cognitive 

load while holding other aspects of the model constant would be to vary the Quantity of 

Stimuli per Unit Time construct of the model. 
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Second, to help separate the potential difference in the effects caused by the 

directed brainstorming prompt versus the effect caused by reading the solutions 

generated by others, it might be interesting to perform an experiment, similar to the one 

reported in the present study, using individuals rather than interactive groups. 

Third, there seems to be a consistent effect in the present study as a result of the 

depth and breadth of spreading activation caused by the homogeneous and 

heterogeneous treatments, respectively. It is possible that to account for this finding, 

certain changes will have to be made to the model. As previously indicated, making any 

such changes without first addressing the list of potential flaws indicated above seems 

unwarranted. 

Fourth, in order to allow a more equal comparison between the control condition 

and the experimental treatments, it would be interesting to set up each of the EBS 

electronic sheets such that each sheet contains a general prompt from one of the task 

solution criteria used to develop the directed brainstorming facilitation prompts. Under 

these circumstances, it may turn out that the difference between the control and the 

treatments is not as large as the present study indicates. 

The fifth potential future direction involves finding some compromise solution 

generation process between the control condition and the experimental treatments. The 

subjects in the control condition indicated the desire for greater task structure, while 

subjects in the experimental treatments indicated irritation or frustration with the 

directed brainstorming prompts. It would be interesting to vary the structure of the 

prompts and the facilitation patterns to achieve some middle ground between these two 
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extremes. This issue of balancing the facilitation approach may lend greater insights to 

developing more effective directed brainstorming prompts. For example, the prompts 

for the School of Business task were fairly general (subjects were simply asked to "solve 

the problems of the School of Business"). By contrast, the prompts for the Gompin 

Crisis task were very specific (subjects were asked to generate solutions that would 

"provide drinkable water to the residents of the Gompin capital"). The result of this 

difference makes it difficult to compare the types and scope of the solutions generated as 

a result of each problem solving task. 

Sixth, the results of the hypothesis testing reveal several concerns about the use of 

the directed brainstorming technique. Previously, it was hypothesized that directed 

brainstorming, through its use of facilitated prompts that direct the efforts of and 

simultaneously provide discrete objectives for the participants, would lead to greater 

concentrations of creative solutions than would non-directed brainstorming (such as that 

used by the subjects in the control condition). These hypotheses (3a, 3b, and 3c) did not 

receive full support. For moderate creativity threshold values. Hypotheses 3a and 3c 

received partial support, while Hypothesis 3b received no support at all. Thus, directed 

brainstorming is not unequivocally better than non-directed brainstorming. These 

findings with respect to directed brainstorming suggest important further research on the 

topic of "Under what conditions does directed brainstorming lead to more creative 

solutions than does non-directed brainstorming?" 

Finally, another potential method that could be employed to validate the Cognitive 

Network Model of Creativity, apart from the laboratory experiment discussed in this 
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thesis, would be to revisit the numerous studies referenced in Chapter 1 and 2 and see to 

what extent the research findings can be explained by the model as presented in Chapter 

3. Conversely, it would be similarly interesting to explore the extent to which the 

present research findings can be accounted for using the models and explanations of 

creativity in these same studies. This comparison of creativity models would likely 

provide additional insights to the creative process. 

It is also likely that each of the above lines of investigation will open up further 

series of new research questions and potential investigations concerning the generation 

of creative solutions to problems. Clearly, there is still much to be learned about 

creative solution generation. 
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APPENDIX A - THE GOMPIN CRISIS: TASK MATERIALS 

This appendix contains all of the experimental materials, prompting patterns for 
the various treatments, and other related materials that were used to collect data for the 
Gompin Crisis task. 

A. 1 Text for the Gompin Crisis Task 

The Gompin Disaster Crisis: 
Typhoon Jennifer slams Gompin 

LIMAN, Gompin (CNN) — In what turns out to be the strongest storm in over 50 
years, Typhoon Jennifer — packing winds of 130 miles per hour -- cut a path of 
destruction across the small island nation of Gompin late last week. Hardest hit was the 
Gompin capital of Liman, also home to some of the island's most popular beach resorts. 

For the past several days, Liman has been isolated from the rest of the country by 
flood waters resulting from torrential rains. Extensive damage to buildings throughout 
the capital is reported. Tornadoes spawned by Jennifer have caused severe damage in 
many of the outlying villages. Submerged and abandoned cars along with other personal 
possessions litter many of the smaller roadways. 

President Rizal declared a state of emergency throughout the country, and 
officially sent appeals for disaster relief to the United Nations. He called on the Gompin 
military to deliver emergency medical aid and provide shelter for those left homeless, 
but their resources are quickly becoming scarce. United States and British aircraft 
carriers assigned to United Nations relief efforts sailed into the South China Sea shortly 
after the typhoon passed. Early this morning, helicopters from the carriers began limited 
deliveries of medical personnel, general supplies, and some food into the capital city. 

At the Costa Royal Hotel, local residents began to dig a tunnel to a site where they 
thought voices had been heard. But after two hours, the digging stopped. Worried 
relatives settled in groups in the midst of the destruction. One man joked "Although my 
home and car have been destroyed, its not all that bad, the brewery just outside of the 
city is still standing!" Outside of the capital, the 100,000 remaining residents of the 
country are starting to put their lives back in order. 
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Details of the Gompin Disaster 

Water Supply: The pumping stations for the main reservoir are off-line, probably 
a result of the widespread electrical failures. Sewage treatment plants have become non-
operational due to storm runoff, leaving most of Liman without water. If drinkable 
water is not made available to the capital's 35,000 residents within 48 hours, people will 
begin dying from the contamination. 

Medical Facilities: So far, 32 bodies have been recovered from the debris. 
Overall, at least 56 people are confirmed dead throughout the island, but authorities fear 
the toll will rise as wreckage is searched. Another 450 people are reported injured or 
missing. Apparently weakened by the storm, the main hospital in Liman collapsed 
yesterday. A police lieutenant using a portable satellite link reported 24 known dead, 39 
seriously injured, and 112 missing due to the collapse. No doctors can be found. More 
urgently, a growing segment of the population has begun suffering from undiagnosed 
flu-like symptoms. 

Electric Power and Communications: Power is out throughout most of the city. 
The roof at the main power plant in Gompin has caved in, destroying three of the four 
generators. Telephone and electric power lines are down throughout the island. The 
government-owned radio station is currently running about 2 hours per day using an 
auxiliary power generator. This vital communication link will run out of fuel within 
another day. 

Transportation: Landslides caused by flooding and debris from damaged 
buildings have closed all major roads, isolating most towns and villages. The Liman 
Superhighway has been severed just south of the city. Bridges leading into the capital 
on all main roads have been washed away. A single bridge on a small two-lane road 
survives. Gompin's only airport has also sustained heavy damage. The runways have 
been reduced to one third of their original length. Crews have been working around the 
clock, attempting to clear the runways and taxiways and to restore power, but in their 
present condition runways allow access only by small, single-engine, propeller-driven 
type aircraft. Extremely rough seas and extensive damage have left the harbors 
inaccessible to ships. 

Available Resources for Gompin Relief 

The United Nations, in cooperation with other international relief efforts, has been 
able to locate the following resources to support the Gompin Relief Effort: 
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• The International Red Cross facility in Hawaii has enough bottled water for 
about 5,000 residents, but no way to transport it. 

• A portable water purification plant in Mexico can supply enough water for 
3,000 people a day. 

• Each of the two UN relief ships has enough water purification abilities on 
board for 3,000 to 3,500 people a day. 

• UN resources have located a cargo plane in California, but it is too large 
for the present condition of the Gompin airport. 

Highest Priority Item 

Your highest priority right now is to prevent the potential death of 35,000 people 
by supplying drinkable water to the Gompin Capital within 48 hours. 

A.2 GOMPIN Task Dimensions 

This page is used only as a reference while building the task components, and will 
not be given to the subjects. It is meant to insure that each of the resources presented to 
the subjects is some how constrained. The structure of the task is that it is very open-
ended, yet all of the resources are constrained in some manner. In essence, this is an 
internal check-list to make sure the task and resources are adequately restricted. 

Water Supply Problems: 
need water for 35,000 people within 48 hours 
primary and secondary reservoirs contaminated by storm runoff 
reservoir pumping stations not operating 
sewage treatment plants non operational 

Medical Facility Problems: 
hospital has collapsed 
no doctors can be found 
injured people will begin appearing at the collapsed hospital 
need diagnosis and treatment of flu-like symptoms 

Electric & Communication Problems: 
power generating plant has caved in, only 1 generator operational 
power is out throughout country 
telephone lines down throughout country 
radio station only has 2 days of fuel left for broadcasting 

Transportation Problems: 
roadways are either flooded or washed away 
bridges have been washed out 
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sea ports are damaged or too rough 
airport damaged, can't land large planes 

Rebel Problems (removed from current task): 
rebels holding airport and shooting at planes 
supplies stolen from relief centers 
overall rebellion and rioting 
receiving support from foreign organizations 

A.3 Ordering of the Prompt Categories for Subjects 

The main task for the subjects is "Prevent the potential death of 35,000 people 
by providing drinkable water to Capital City within 48 hours." The categories 
chosen to use for prompting the subjects are related to the criteria for solving the 
Gompin Crisis problem. In this particular case, these criteria are related to feasibility 
issues. The "better" criterion is designed to push the subjects to think of different 
solutions that can provide adequate amounts of water to the residents of the capital. We 
then push the subjects along the "faster" criterion because lives are at stake. If a 
particular solution takes too much time to implement, people will die - thus obviating 
the very need for this task. The "cheaper" criterion exists because the monetary 
resources of the UN special team for disaster relief are finite in nature. Similarly, the 
"easier" and "small quantity of equipment" criteria reflect constraints on the available 
amounts of manpower and machinery for the task, as well as the ensuing level of 
complexity that is necessary to carry out any given solution. 

Important criteria for solutions to the Gompin Crisis task are that they: 

1. provide sufficient water to the capital 
2. can be implemented quickly 
3. can be implemented inexpensively 
4. are easy to implement 
5. use a small quantity of equipment to implement 

Thus, these categories are sensitive to this particular task. There may, however, be 
other tasks which share these same criteria and categories, as well as yet other tasks for 
which these criteria are not as relevant. Such tasks may possess their own criteria. For 
example, in a military conflict task, the most salient goal may be to get different sides of 
a conflict to stop fighting or to prevent the different sides of a conflict from beginning 
fighting in the first place. Determination of the proper prompting categories, therefore, 
should be carefully evaluated for each new task. 
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The exact order of solution criteria that will be used for the prompts that are given 
to the subjects was determined using a computer generated pseudo-random number 
sequence. The sequence appears below, where each number indicates the category 
(from the list above) from which each prompt will derive. Successive identical numbers 
(which would represent two or more prompts in a row from the same category) have 
been removed. 

Random Order of Prompt Categories: 
I, 4, 2, 3, 4, 5, 3, 2, 1, 5, 2, 4, 5, 3, 1, 5, 1, 3, 2, 4 

Heterogeneous Strategy 
In order to create a purely heterogeneous strategy, it is important to rotate the topic 

of the prompt after each prompt is given. This insures that no two sequential prompts 
are derived from the same topic category. When identical sequential numbers were 
found in the random stream, these duplicates were simply skipped over. This insures 
that each new prompt is from a different category than the preceding prompt. A total of 
20 prompts will be given to all subjects in this condition, one from each category listed 
below. 

Heterogeneous Category Order: I, 4, 2, 3,4, 5, 3, 2, 1, 5, 2,4, 5, 3, 1,5, I, 3, 2,4 

Mixed Strategy 
For the mixed strategy, two prompts will be delivered from each category in the 

random number stream before switching to the next category. By fortuitous (and 
pseudo-random) coincidence, each of the 5 prompt categories appears exactly twice 
within the first ten digits of the random number stream from above. In this case, a total 
of 20 prompts will be given to all subjects in this condition, two in a row from each 
category listed below. 

Mixed Category Order: I, 4, 2, 3, 4, 5, 3, 2, 1, 5 

Homogeneous Strategy 
For the homogeneous strategy, four prompts will be delivered from each category 

in the random number stream before switching to the next category. The sequence of 
categories will use the same random number sequence as above (note that the second 
occurrence of the fourth category has been slapped). A total of 20 prompts will be given 
to all subjects in this condition, four in a row from each category listed below. 

Homogeneous Category Order: 1,4, 2, 3, 5 

Note that for each strategy described above (homogeneous, heterogeneous, and 
mixed) the categories from which the prompts are derived follow the exact same order. 
In other words, the order of prompt categories for the homogeneous strategy follows the 
same order of the beginning prompt categories for the mixed strategy, and the order of 
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prompt categories for the mixed strategy follows the same order of the beginning prompt 
categories for the heterogeneous strategy. In all conditions, the order of category 
presentation to subjects remains fixed. 

A.4 Brainstorming Prompts 

Subject Task Instruction: "Prevent the potential death of 35,000 people by 
providing drinkable water to Capital City within 48 hours." 

With directed brainstorming, we wish to push the subjects along the specific 
dimensions that are related to the criteria for solving the problem. These prompts insure 
that none of the solution criteria are neglected during their task. Each prompt below will 
be simultaneously read aloud to the participants and displayed on a large public viewing 
screen at the front of the room. 

Prompt Template: "Suggest solutions that... 

Category I: 
• will provide water to residents of the capital." (seed solution) 
• will provide drinkable water." 
• different solutions to provide water." 
• more solutions to provide water. " 

Category 2: 
• can be implemented quickly. " 
• we can do fast. " 
• other fast solutions. " 
• can be done quickly. " 

Category 3: 
• are inexpensive to implement. " 
• do not cost a lot. " 
• are cheap to implement. " 
• are not costly. " 

Category 4: 
• can be implemented easily. " 
• are simple to implement. " 
• are easy to do. " 
• other simple solutions. " 
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Category 5: 
• use a small quantity of equipment. " 
• do not require a large amount of equipment. " 
• do not need very much equipment to implement. " 
• require only a small amount of equipment. " 

A.5 Experimental Checklist for the Gompin Crisis Task 

Experiment Setup Procedure Checklist 
1. Make sure you have at least 30 of each of the following: a) Consent Form, b) 

Gompin Task Sheet, c) Survey Packet d) Random Number Cards 
2. Completely power down and restart all workstations in the room. 
3. Log each workstation into Windows NT using the default login for that specific 

workstation (usually on the sticker on the monitor). 
4. Log each workstation into Groupsystems Lie Participant Autologon (START 

menu) 
5. Make sure there is one folder for each brainstorming group in the room. 

For Room 214: 
There should be seven folders, one for each groups of four workstations. 

The designation of workstations to brainstorming groups (folders) is as follows 
Group 1:4, 7, 10, 12 
Group 2:1, 18, 22, 28 
Group 3:6, 9, 20, 25 
Group 4:2, 8, 11, 27 
Group 5:5, 14, 16, 26 
Group 6:3, 15, 17, 24 
Group 7:13, 19,21,23 

For Room 430qq: 
There should be four folders, one for each groups of four workstations. 

The designation of workstations to brainstorming groups (folders) is as follows 
Group 1:2, 4, 7, 15 
Group 2:1, 9, 12, 14 
Group 3:3, 5, 11, 13 
Group 4:6, 8, 10, 16 

If people are missing (not all subjects show up), move people around as 
necessary to put all empty seats in a single group. In 214, if people are missing, 
make sure the first 6 groups are complete, and in 430qq, if people are missing, 
make sure the fist 3 groups are complete. Then change the number of sheets for 
that session to N+1. 

6. For each brainstorm session (each folder), turn on comment number, time/date 
stamps, sub-group identification, and animated progress. 

7. Load the Gompin Task Prompts powerpoint slide show at the facilitator station. 
8. Advance the slides to the starting slide for the appropriate warm-up exercise. 
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9. Leave copies of consent form and index card on each desk ahead of time. 
10. Start the session by introducing yourself, read directly from the script. 
11. Allow groups to brainstorm for a period of exactly 40 minutes. 
12. Deliver directed/comparative prompts when the typing from the previous prompt 

dies down (or approximately 1 every 2 minutes). 
13. It helps to have a digital clock or watch to use for timing the prompts. 
14. Warn groups when they reach the last prompt, give 30 seconds for them to finish 

their last solution. 
15. Make sure we get all task sheets and all surveys returned before everyone leaves. 
16. Create a report for each brainstorming session each of the folders immediately. 
17. Make backup copies of the report immediately 

A.6 Facilitation Script for the Gompin Crisis Task 

BEGIN FACILITATOR SCRIPT 

[Start Groupsystems at Facilitator Station Login: esantanen, no password] 
[Start PowerPoint show for task prompts at Facilitator Station, show Welcome 

slide] 
[Place consent forms and random number cards on desks before subjects arrive] 
[Write down the exact time that you start reading this script on the top of this 

page] 

Hello. My name is <facilitator name>. Let me start by thanking each of you for 
coming. We need your help, and we appreciate your taking the time to come. If you 
haven't already done so, please take a moment to read and sign the participant consent 
form on your desk. When you are finished, please just leave it there on your desk. I'll 
collect them at the end of the session. Also, please hold on to the index cards for just a 
few minutes. 

Usually I'd just talk to you, but today I am going to read from this script. There'll 
be a lot of people like yourselves helping us with this experiment, and for the sake of 
science we have to make sure that everyone starts with exactly the same information. 

Welcome to the University of Arizona GroupSystems room. This room is the 
product of theories and technologies that allow a group such as yours to solve problems 
much more quickly than a conventional meeting would allow. We conduct research 
comparing these technologies to each other. Today, you will be using just one of these 
technologies. 

We really appreciate you coming to help us today. Your efforts will guide us as 
we direct the future development of this technology. Your work today is very important 
to us. 
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Today, you will work together as randomly designated teams of four people each 
to decide how best to solve a problem. To help you generate your solutions to the 
problem, you will be using electronic meeting tools that are designed to support 
electronic brainstorming groups. Research shows that the more solutions you generate, 
the more likely you are to generate good solutions. Brainstorming is a way to generate a 
lot of solutions in a very short time. 

**START FREE BRAINSTORMING DIRECTIONS *** 

The process is simple. Imagine each of you started with blank sheet of paper in 
front of you. When I said go, each of you will write one solution on that piece of paper, 
and then throw your paper on a pile in the middle of the room. You would then grab 
another paper from that pile, and read the solution that someone else has already written 
on it. 

After reading it, you should respond to that previous solution in one of three ways: 

[Enumerate on your Fingers] 
• Expand on the solution, adding details. 
• Argue with the solution. 
• Or, you might be inspired to a completely new solution. 

These directions will appear on the large screen in front of the room in case you 
lose track of them during the task. When you have finished writing your response, you 
would again toss your paper on the pile, grab one of the other papers, and read the 
previous solution. We will continue along in this fashion until you run out of solutions. 

Now Electronic brainstorming works exactly the same way, except you have an 
electronic page. When you finish typing in a solution, just press the F9 key to send your 
solution back to the group. You will get back another page with someone else's solution 
on it. Read that new solution and then respond to in one of three ways; 

[Enumerate on your fingers] 

• Expand on the solution, adding details 
• Argue with the solution 
• Generate a completely new solution 

In either case, when you have finished typing your solution, press the F9 key to 
send your solution back to the group. You will get back another electronic page. Read 
the last solution on the page, respond to it, and exchange your page again. We will 
continue in this fashion until you run out of solutions. If you see that you get your same 
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page back when you press F9, don't worry about it; just type another solution, and keep 
going. 

*** CONTINUE FREE BRAINSTORMING DIRECTIONS *** 

[Advance to next slide: Policy Committee] 

OK, lets give it a try just for practice, so that everyone gets to see how its actually 
going to work. For now, suppose that each group of 4 represents the Committee for 
Undergraduate Policy at the University and has just been given the following task: 

'The committee needs to come up with ways to immediately implement a new 
policy that mandates that every undergraduate student at the University be given their 
own portable computer to use." 

[Start Warm-Up Task in EBS - all participants in single large group] 

Read these instructions on your screen and then click only once on the OK button 
when you have finished. Next, you see a window titled "SUBGROUP NAMES". 
Remember the index cards that were on your desk when you first came in? We are 
going to use those here. Each card has a randomly generated number printed on it. This 
random number is simply to allow us to keep your individual contributions separate from 
one another, and is in no way an attempt to determine who anyone is according to the 
solutions you type. So, in the space provided on the "SUBGROUP NAMES" window, 
just type in the random number from your index card and click the OK button. Is 
everyone OK so far? 

We are now ready to begin. Next, just click on the GO button in the upper left-
hand comer of your screen. You should see what looks like a white sheet of paper. 
Remember to keep your task in mind while working, and when you have finished typing 
your solution, press F9 to switch papers and read the new solution on your screen. 
[Advance to next slide: Respond by... Give the groups about 3 minutes to practice] 

Now everyone type in a solution, switch papers, and respond to the new solution. 
[pause] Type another solution, and then switch again... 
[pause] Just keep going, type a solution, switch papers, read and respond, [pause] 

OK great! Does everyone understand how this works? Are there any questions on 
how this procedure works? [Answer any procedural questions at this point] 

[Stop the Participants in Warm-Up] 
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*** START DIRECTED & COMPARATIVE *** 
*** BRAINSTORMING DIRECTIONS *** 

The process is simple. Imagine each of you started with blank sheet of paper in 
front of you. I will provide you with a specific goal or objective that will also be 
displayed on the large screen in front of the room. Each of you will then write one 
solution on that piece of paper, and then throw your paper on a pile in the middle of the 
room. You would then grab another paper from that pile, and read the solution that has 
already been written on it. 

I will then provide you with another specific goal or objective. Each of you will 
write down a new solution to this new goal. When you have finished writing your 
solution, exchange your page for a new one, and then begin reading any previous 
solutions already on this new page. The goal that I provide for you will always appear 
on the large screen in front of the room in case you lose track of it. The process will 
continue in this fashion until we address each of the important issues of this task. 

Now Electronic brainstorming works exactly the same way, except you have an 
electronic page. When you finish typing in a solution, just press the F9 key to send your 
solution back to the group. You will then get back another page with someone else's 
solutions on it. You should read these new solutions that are on this page. 

After a short period of time, I will provide you with a new goal will also appear on 
the large screen in the front of the room. Each of you will then type one solution to this 
new problem on your electronic page. When you press the F9 key to send your solution 
to the group, you will get back another electronic page. Be sure to read the responses on 
this new page. In a short while, I will read aloud a new goal, for which you should type 
in another solution. Switch your pages again, and then read what is on your new page. 
We will continue in this fashion until we complete this task. If you see that you get your 
same page back when you press F9, don't worry about it, just keep following the 
instructions that I provide. 

[Advance to next slide: Policy Committee] 

OK, lets give it a try just for practice, so that everyone gets to see how its actually 
going to work. For now, suppose that each group of 4 is the Committee for 
Undergraduate Policy at the University and has just been given the following task: 
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*** CONTINUE DIRECTED & COMPARATIVE *** 

'The committee needs to come up with ways to immediately implement a new 
policy that mandates that every undergraduate student at the University be given their 
own portable computer to use." 

[Start Warm-Up Task in EBS - all participants in single large group] 

Read these instructions on your screen and then click only once on the OK button 
when you have finished. Next, you see a window titled "SUBGROUP NAMES". 
Remember the index cards that were on your desk when you first came in? We are 
going to use those here. Each card has a randomly generated number printed on it. This 
random number is simply to allow us to keep your individual contributions separate from 
one another, and is in no way an attempt to determine who anyone is according to the 
solutions you type. So, in the space provided on the "SUBGROUP NAMES" window, 
just type in the random number from your index card and click the OK button. Is 
everyone OK so far? 

We are now ready to begin. Next, just click on the GO button in the upper left-
hand comer of your screen. You should see what looks like a white sheet of paper. 
Remember to keep your task in mind while working, and when you are finished typing 
your solution, press F9 to switch papers and then read the solution on your new sheet. 

[Advance to next slide, read it aloud] 1) Everyone type in one solution that we can 
implement quickly. 

[Wait for typing slow down] Is everyone OK? [Advance to next slide,, read it 
aloud] 

2) Now, everyone type one solution that is inexpensive to implement. Then, 
switch papers & read the solutions on your new sheet. [Wait for typing slow down] 

[Advance to next slide (#6), read it aloud] 3) Suggest one solution that is easy to 
do. 

[Pause] OK great! Does everyone understand how this works? Are there any 
questions on how this procedure works? 

[Answer any procedural questions at this point] [Stop Participants in Warm-up 
Activity] 

By the way, while you are working on the main task, I'm going to ask you about 
the same goal several different times or different ways. Please don't let this bother you, 
its something we have to do in case we worded one of the goals improperly. 



324 

••RESUME GOMPIN GENERAL DIRECTIONS HERE** 

[Advance to next slide "UN Gomin Crisis: Disaster Relief] 

Today, your primary task will be to work together as randomly designated teams 
consisting of 4 people each to decide how best to bring relief to Gompin, a small island 
nation stricken by a natural disaster. 

Each random group of 4 will act as the United Nations Special Team on Disaster 
Relief and will have complete authority to specify exactly how relief efforts will be 
directed. You will have complete control. 

The report you are about to receive contains details concerning Typhoon Jennifer 
and the destruction it has caused on the small island nation of Gompin. What we need is 
for you, the UN special team on disaster relief, to work together to bring disaster relief 
and restore order to the devastated country. 

At the end of today's session, the solutions generated by your team will be given 
to the United Nations relief workers as instructions to be carried out. Remember that 
your goal is to bring relief to the disaster stricken residents of Gompin. 

We're going to give each of you a copy of the Gompin Report now. You'll have a 
few minutes to review it. Feel free to ask any questions that come up while you read. 

[Hand out the task sheet and give everyone a few minutes to read it] 

Has everybody finished reading the report? Are there any questions about the 
report? 

Q: What kind of equipment/material/people/etc. are available for this task? 
A: Whatever you think is appropriate given what you have read. 

[Advance to next slide for this treatment "Goal of Task"] 

Today you are going to generate solutions in the form of instructions that will be 
given to the United Nations disaster relief workers. Be sure to focus your solutions on 
specific and clear actions that the workers can follow to effectively bring relief to 
Gompin. Your primary task is to generate solutions that will bring drinkable water to 
the residents of the Gompin capital. 

Your goal is to identify as many different solutions as possible in a short amount 
of time. So we urge you to concentrate on generating new solutions. Try not to repeat 
yourself. Just state your case and move on; don't get bogged down arguing the same 
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point over and over again. Right now, your goal is to generate as many different 
solutions as possible that will bring relief to the Gompin residents. You will have fourtv 
minutes to generate your solutions. 

There is one important limitation to the solutions you propose: Each solution you 
type is limited to a maximum of 3 to 4 lines of text. This restriction is intended to help 
you keep your solutions short and to the point. This also means that if you spend too 
long working on any single solution, one of your group members may not be able to 
exchange their sheet for another one until you finish typing your solution and press F9. 

Everything you type in electronic brainstorming will be anonymous. No one will 
be able to tell who said what. This makes it possible for you to concentrate on 
generating solutions, without worrying about personalities and politics. 

Are there any questions at this point? [Wait for a few minutes] 

You have in front of you a copy of the most recent report on the situation in 
Gompin. Look for solutions that solve as many of these problems as possible. You are 
encouraged to refer back to this report as you work. 

Is everyone OK with this? [Start all groups in their own folders] 

Read the instructions on your screen, and click the OK button when you have 
Hnished. Next, type in your random number in the Subgroup Names window just like 
before, and click OK. We are now ready to begin the task, and we'll do it just like we 
did before. You will type in a solution, press F9, and then read what comes back. 
Remember to keep the task in mind, and then click the GO button in the top left comer 
of your screen to start. 

For each prompt I give you, everyone type in only one solution & switch papers. 
I'll give you a few moments to read what's on your new sheet before we go on... 

[For control group, just show the next slide for the entire 40 minutes] 
[For all other treatments, begin showing slides and reading aloud. Change slides 

when typing dies down, or approximately every 2 minutes. There are 20 prompt slides 
for each treatment] 

[Record the exact time the group began brainstorming, or that you read each 
prompt] 

[Allow 40 minutes for the brainstorming session, read a new prompt every 2 
minutes] 

OK, our time is up. Why don't you finish typing the solution you are working on, 
and press F9 to send it to the group, then we will move on to the final phase. 
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[Wait for typing to stop, then stop all participants] 

Before we go any further, we need your cooperation in one more important way 
when you leave. People will ask you what happened here, but please don't tell them 
anything about the technology or the task until the end of the semester. That would spoil 
our results with the rest of the people who are helping us leam about this technology. It 
would give us inaccurate results. 

If future participants come in here knowing what we are trying to find out, it will 
bias our results. For instance, suppose we were testing to see if this treatment would get 
you to raise you left hand. One of two things might happen; the participants might 
decide they like us, and want us to get good results. So, they would be raising their left 
hands all the time. Then we would go off thinking that our technology is great, when in 
fact it might not be. Or the participants might decide they don't like us, and they want us 
to have bad results. So they would sit there and NEVER raise their left hand. Then we 
would go off thinking that our technology is horrible, when in fact it might not be. 

So, please just tell them that you got to use a brand new, cutting edge technology, 
and that it was an interesting experience. If they press, tell them that in the interests of 
science you must wait until finals week to give them the details. It will drive them nuts, 
but you will be retaining the value of the effort you made here today. If they keep 
pressing you, tell them the left-hand story. 

Finally, we want to give you a short questionnaire where you will be able to tell us 
about how this session has gone. Your thoughtful and honest responses will help us 
shape the future directions of this technology. [Hand out surveys] 

Thanks for your feedback on the survey. It will be a big help to us. When you 
have completed your survey, please just bring them up to the front along with the rest of 
your materials (consent form, index card, task sheet). Thanks for coming! 

[Make sure to get the task sheets and survey back from each subject] 
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Homogenous Directed prompts for Treatment 1 
Write down the time you started reading these prompts: 

Time: Prompt: 

1. Suggest a solution that will provide water to residents of the capital. 
2. Suggest another solution that will provide drinkable water. 
3. Suggest a solution that will provide water to the city that is different than any 

of you that you see so far. 
4. Suggest one more solution to provide water to the capital city. 
5. Suggest an inexpensive solution that will provide water to the Gompin capital. 
6. Suggest another solution that does not cost a lot. 
7. Suggest a solution that is cheap to implement that is different than any you 

have seen so far. 
8. Suggest one more solution that is not costly and will provide water to the 

residents of the capital. 
9. Suggest a solution that will provide water that can be implemented easily. 
10 . Suggest another simple solution. 
11 . Suggest a solution that is easy to do that is different from any that you see on 

your screen. 
12 . Suggest another simple solution that will provide water to the residents of the 

capital. 
13 . Suggest a solution that can be implemented quickly. 
14 . Suggest another fast solution that will provide water to the Gompin capital. 
15 . Suggest a fast solution to this problem that is different than any you have seen 

so far. 
16 . Suggest one more solution that will quickly provide water to the capital. 
17 . Suggest a solution that uses a small quantity of equipment. 
18 . Suggest another solution that does not require a large amount of equipment to 

get water to the capital. 
19 . Suggest a different solution that does not need very much equipment to 

implement. 
20 . Suggest one more solution that requires only a small amount of equipment. 

Write down the time you flnished reading these prompts: 
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Mixed Directed, Treatment 2 
Write down the time you started reading these prompts: 

Time: Prompt: 

1. Suggest a solution that will provide water to residents of the capital. 
2. Suggest another solution that will provide drinkable water. 
3. Suggest an inexpensive solution that will provide water to the Gompin capital. 
4. Suggest another solution that does not cost a lot. 
5. Suggest a solution that will provide water that can be implemented easily. 
6. Suggest another simple solution. 
7. Suggest a solution that can be implemented quickly. 
8. Suggest another fast solution that will provide water to the Gompin capital. 
9. Suggest a solution that is cheap to implement that is different than any you 

have seen so far. 
10 . Suggest one more solution that is not costly and will provide water to the 

residents of the capital. 
11 . Suggest a solution that uses a small quantity of equipment. 
12 . Suggest another solution that does not require a large amount of equipment to 

get water to the capital. 
13 . Suggest a fast solution to this problem that is different than any you have seen 

so far. 
14 . Suggest one more solution that will quickly provide water to the capital. 
15 . Suggest a solution that is easy to do that is different from any that you see on 

your screen. 
16 . Suggest another simple solution that will provide water to the residents of the 

capital. 
17 . Suggest a solution that will provide water to the city that is different than any 

of you that you see so far. 
18 . Suggest one more solution to provide water to the capital city. 
19 . Suggest a different solution that does not need very much equipment to 

implement. 
20 . Suggest one more solution that requires only a small amount of equipment. 

Write down the time you Hnished reading these prompts: 
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Heterogeneous Directed, Treatment 3 
Write down the time you started reading these prompts: 

Time: Prompt: 

1. Suggest a solution that will provide water to residents of the capital. 
2. Suggest an inexpensive solution that will provide water to the Gompin capital. 
3. Suggest a solution that will provide water that can be implemented easily. 
4. Suggest a solution that can be implemented quickly. 
5. Suggest another solution that does not cost a lot. 
6. Suggest a solution that uses a small quantity of equipment. 
7. Suggest another fast solution that will provide water to the Gompin capital. 
8. Suggest another simple solution. 
9. Suggest another solution that will provide drinkable water. 
10 . Suggest another solution that does not require a large amount of equipment to 

get water to the capital. 
11 . Suggest a solution that is easy to do that is different from any that you see on 

your screen. 
12 . Suggest a solution that is cheap to implement that is different than any you 

have seen so far. 
13 . Suggest a different solution that does not need very much equipment to 

implement. 
14 . Suggest a fast solution to this problem that is different than any you have seen 

so far. 
15 . Suggest a solution that will provide water to the city that is different than any 

of you that you see so far. 
16 . Suggest one more solution that requires only a small amount of equipment. 
17 . Suggest one more solution to provide water to the capital city. 
18 . Suggest one more solution that will quickly provide water to the capital. 
19 . Suggest another simple solution that will provide water to the residents of the 

capital. 
20 . Suggest one more solution that is not costly and will provide water to the 

residents of the capital. 

Write down the time you fmished reading these prompts: 
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A.7 Participant Consent Form 

Participant Consent Form 

I understand that participation in this study and the completion of the subsequent 
survey is voluntary. This study is part of an effort to help researchers develop software 
that is better suited to group use. The researchers would like to use the information that 
I provide to them for this purpose only. Information that I provided will in no way be 
reflected in my course evaluation or grade. I further understand that participation in this 
experiment will take approximately one class period, and that I will not be monetarily 
compensated for my contribution. 

Please indicate your understanding and approval by signing below. 

Name Date 
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A. 8 Post Experimental Questionnaire 

Gompin Crisis Survey 

Today's Date: 

What is your age: 

What is your major: 

What is your Random ID number (from card) 

Your gender (circle); Male Female 

1) How many times have you used collaborative technology? 

first time 2-3 times 4-5 times 6+ times 

2) How much exposure have you had to any type of natural disaster via newspapers, 
television, or radio? 

1-2 times 3-5 times 5-10 times 10+times 

3) I have personal acquaintances or family that have been victimized by a natural 
disaster: 

no yes 

4) How realistic is the Gompin natural disaster report? 
1 2 3 4 5 

very realistic neutral not at all realistic 

5) How difficult did you find this task? 
1 2 3 4 5 

not at all difficult neutral very difficult 
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6) How engaging did you find this task? 
I 2 3 

very engaging neutral not at ail engaging 

7) I am confident that I can precisely identify which of my group members contributed 
specific comments: 

1 2 3 4 5 
disagree neutral agree 

8) The meeting methods we used today (did not meet - met) my expectations: 
1 2 3 4 5 

met neutral did not meet 

9) Today's meeting process was (inadequate - adequate) to meet our goals: 
1 2 3 4 5 

inadequate neutral adequate 

10) How satisfied were you with the work process we used today? 
I 

satisfied 
3 

neutral dissatisfied 

11) The outcome of today's activities: 
1 2 

does not meet 
the meeting's objectives 

3 
neutral meets the 

objectives 

12) The outcome of today's meeting is: 
I 2 3 

satisfactory neutral unsatisfactory 

13) The results of today's meeting are: 
I 2 3 

adequate neutral inadequate 
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14) I felt more comfortable in this electronic meeting than in most other meetings: 
1 2 3 4 5 

disagree neutral agree 

15) The tools and methods we used today would adequately support my usual meetings: 
1 2 3 4 5 

agree neutral disagree 

16) Thinking about the tools and methods we used today: 
1 2 3 4 5 

I prefer other neutral I prefer today's 
tools and methods tools and methods 

17) I am worried that I can be identified by the comments I have typed: 
1 2 3 4 5 

agree neutral disagree 

18) How do you feel about the process by which you generated solutions? 
1 2 3 4 5 

dissatisfied neutral satisfied 

19) How do you feel about the solutions proposed? 
1 2 3 4 5 

dissatisfied neutral satisfied 

20) Overall, how enjoyable did you find your experience? 
1 2 3 4 5 

not at all enjoyable neutral very enjoyable 

21) How effective was your group at generating solutions? 
1 2 3 4 5 

not at all effective neutral very effective 

22) How effective was your group at using all members' skills? 
1 2 3 4 5 

not at all effective neutral very effective 
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23) How effective was this meeting versus previous verbal meetings you have 
participated in? 

1 2 3 4 5 
not as effective neutral more effective 

24) How much do you feel you participated in this idea generation session? 
1 2 3 4 5 

not very much neutral a great deal 

25) How satisfied are you with your own performance on this task? 
1 2 3 4 5 

satisfied neutral dissatisfied 

26) How stimulating did you find this task? 
I 2 3 

not stimulating neutral very stimulating 

27) How interesting was this problem solving task? 
1 2 3 

very uninteresting neutral very interesting 

28) How motivated were you to generate good solutions? 
L 2 3 4 

very motivated neutral not at all motivated 

29) Do you have any other remarks? 

30) Please describe what you think will be the impact of this meeting? 
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A.9 Natural Disaster Reports from CNN 

This section contains two natural disaster reports from the CNN.com web site that 
were used to shape the Gompin Crisis task report. The general structure from the actual 
news report that has been paralleled is as follows: 

1) The report of the event itself and the destruction that has been caused. 
2) An account of recovery efforts. 
3) A quotation from one of the victims to reveal the personal and human sides of 

the tragedy. 

Resort towns smashed by quake in Mexico 
Source: http://cnn.comAVORLD/9510/mexico_quake/l0-l0/index.html 

Rescuers digging for victims 

From Correspondent Harris Whitbeck and wire reports 
October 10, 1995 Web posted at: 1:15 p.m. EDT (1515 GMT) 

MANZANILLO, Mexico (CNN) — Mexican army troops. Red Cross workers and 
volunteers worked Tuesday to find victims in the rubble of buildings felled by an 
earthquake along Mexico's Pacific coast. As many as 32 people are still buried in what 
used to be the seven-story Costa Real Hotel in this resort town. 

So far, 12 bodies have been recovered from the hotel's debris. Overall, at least 56 
people are confirmed dead in the quake, but authorities fear the toll will rise as wreckage 
is searched. About 100 people are reported injured. 

The tremor shook nine states Monday morning, hitting Jalisco and Colima the 
hardest. It had a magnitude of 7.6 and was centered in the Pacific Ocean, near the border 
between the two states. Jalisco and Colima are home to some of Mexico's most popular 
beach resorts. The quake also swayed buildings in Mexico City, and could be felt in 
Dallas and Oklahoma City in the United States. It was the strongest in Mexico in 10 
years. Several strong aftershocks have been recorded since the initial jolt. 

President Ernest Zedillo, who is visiting the United States, declared an emergency 
situation in the earthquake zone and sent five cabinet ministers to oversee the 
government's response. He called on the military to deliver emergency food and medical 
aid and provide shelter for those left homeless. 
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At the Costa Real on Tuesday morning, a team of rescue workers began to dig a 
tunnel to a site where they thought voices had been heard. But after two hours, the 
digging stopped. A makeshift morgue was set up at the hotel's garden, and a refrigerated 
truck is parked nearby to store bodies after they are identified. 

Worried relatives settled in groups in the glare of floodlights. One man said his 
hopes that his daughter might be alive were raised when he saw a medical team approach 
the site. But the reality of the tragedy sunk in when rescue workers began to pull out 
bodies from beneath the collapsed building. Among the dead is a 27-year-old woman 
who was celebrating her honeymoon when the quake struck. Her husband of 10 days 
survived. 

Hurricane Bertha headed to the Carolinas 
Source: http://cnn.eom/US/9607/l I/bertha. 7a/i ndex.html 

July 11, 1996 Web posted at: 2:15 p.m. EDT 

(CNN) ~ As beaches along the southeastern coast of the United States emptied out 
following hurricane warnings and evacuation alerts. Hurricane Bertha was training its 
100 mph wind forces at the Carolinas Thursday, causing North Carolina's governor to 
declare a state of emergency. 

"It is going to head into the Carolinas. People in the Carolinas need to pay very 
close attention and do what emergency management officials are telling them to do," 
Max Mayfield of the National Hurricane Center said. 

Early Thursday, the hurricane was about 300 miles south of Wilmington, North 
Carolina. It was moving north-northwest at about 13 mph, with winds reaching out some 
145 miles. (Satellite loop 11 IK QuickTime movie) 

Computer models forecast Bertha, which earlier threatened much of the Atlantic 
seaboard, will probably make landfall in North Carolina, perhaps by early Friday, with 
storm-force winds being felt as early as this afternoon. 

"Bertha is a very large hurricane that will impact a tremendous area whereever it 
makes landfall," Gov. Jim Hunt said in issuing the proclamation, which lets the 
Emergency Management Division to use other North Carolina agencies to help deal with 
the hurricane. 

Ocean swells Thursday reached 15 feet in the waters off Wilmington, and there 
were fears that coastal flooding could begin later in the day. Storm tides of up to 10 feet 
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are expected if Bertha hits North Carolina during high tide Friday, and rainfall totals in 
the hurricane's path could reach 8 inches, the National Weather Service said. 

Toward the weekend, forecasters say it could crawl up the coastline as far north as 
New Jersey. 

James Lee Witt, head of the Federal Emergency Management Agency, says his 
team is in good shape to deal with Hurricane Bertha, and that disaster medical teams and 
search and rescue teams are on alert and ready to respond. 

"Everyone is ready and on alert," James Lee Witt told reporters Wednesday. "I 
think as far as our planning efforts, we're in good shape. We have a lot of resources 
available." 

The Federal Emergency Management Agency's Mobile Emergency Response 
Support Unit was headed to Raleigh, North Carolina, Wednesday night. 

The North Carolina State Emergency Operations Center asked the public to refrain 
from making non-essential phone calls to the area because phone lines were overloaded 
and causing problems for officials trying to coordinate hurricane emergency planning in 
the state. 

With memories of the damage wreaked by Hurricane Hugo in 1989 still fresh, 
residents of Charleston, South Carolina, didn't have to be reminded twice about taking 
precautions. Century-old homes along the city's historic Battery were covered. 

At Hunting Island Slate Park near Beaufort, cafe worker Wendy Sumner said some 
tourists were still hanging around, even heading out on boats. 

"Locals are taking this seriously," Ms. Sumner said. "But these out-of-towners, 
they keep saying to just keep them informed. I don't know what they are thinking about, 
but I'm going to get out of here." 

Hurricane warnings were posted Wednesday from Cape Canaveral, Florida, to the 
Virginia line ~ calling for the evacuation of nearly I million coastal residents. 

The warnings were called off for Florida early Thursday. One death in the state has 
been blamed on the storm: A 28-year-old swimmer was caught by a rip tide at 
Jacksonville Beach and carried out to sea. 

Bertha didn't hit Florida where some 500,000 residents were advised to evacuate 
Wednesday following fears that the storm would spend at least some of its fury on the 
state. 
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In Puerto Rico and the Virgin Islands, six deaths are being blamed on the storm. A 
boat was reported missing off Puerto Rico with 42 people on board. The storm knocked 
out power lines, plunging many of the island areas of the northeastern Caribbean into 
darkness; in some places, fallen trees blocked roads and roofs were ripped off houses. 
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APPENDIX B - THE SCHOOL OF BUSINESS TASK MATERIALS 

B.l Text for the School of Business Task 

Disclaimer: This scenario is fictitious. Any resemblance to real organizations is 
purely coincidental. 

To: Undergraduate Policy Committee 

From: Provost 

Re: 5 Year Business School Policy Recommendation(s) 

Your committee, the Undergraduate Policy Committee, is charged with setting 
policies for the School of Business and Public Administration (BPA). We have been 
receiving complaints about problems in the BPA: limited BPA physical resources, low 
quality instruction, students who are ill prepared, limited computer resources, a declining 
reputation of the school, and others. While I believe that the bulk of these complaints 
may be unfounded, I'd like your committee to look into it, determine what problems 
exist, and set whatever policies are necessary to correct the problems you identify. You 
have complete authority to make policy changes. 

I have attached a summary sheet of problems reported during interviews with the 
following individuals on campus: 

• Associate Dean of the School of Business and Public Administration 
• President of the Business Student Council 
• President of the University Business Alumni Association 
• Vice President of University Undergraduate Instruction 
• Chairperson of the Faculty Council 

Each of you is uniquely qualified to contribute to this effort and represents an 
important interest group within our university community. Please work together, giving 
one another the benefit of your knowledge, your experience, and your perspective. Each 
of you should carefully consider how any proposed policy changes might affect each of 
the interest groups indicated above. Together you should seek solutions that 
accommodate everyone's needs. After deliberating on these issues, I will see that your 
recommendations are implemented. 
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I have complete confidence in your ability to complete this important task. Be 
bold, be creative, and be direct. 

Quotes Obtained During Job Performance Evaluation Interviews 

"I sure would like to stop my senior faculty from resigning! I need them to bring 
in grants with the research they perform. I don't think everyone realizes what a dramatic 
impact this has on the quality of education for our students." Associate Dean, BPA 

"With impending University budget cuts, we'll be lucky to maintain our 
professor's current salary levels. What else can I do to compensate them?" Associate 
Dean, BPA 

"If tuition goes up again, I'll have to get a part time job in order to afford it! That 
means it will probably take me an extra year to graduate!" Student Council President 

"Computer labs are increasingly in need of repair, and often unavailable for use by 
students. I can't really afford to spend the money to buy my own computer right now." 
Student Council President 

"I'm tired of taking classes from Teaching Assistants. They just don't seem to 
have any real experience to help us understand the lecture material like the professors 
do. Many students are now taking longer to graduate because they are being careful to 
only take classes taught by actual professors instead of TAs." Student Council 
President 

"It is harder and harder to find job placement for our graduates these past few 
years. The market is becoming saturated with lower quality graduates. It seems that our 
reputation for research and student instruction have been receiving some bad press 
lately. If our image continues to slip, we will soon have a real problem to deal with." 
Alumni Association President 

"A few prospective employers that I have talked with lately are under the 
impression that our recent graduates lack critical thinking and problem solving skills, not 
to mention their poor oral and written abilities. Others have commented on a lack of 
practical experience in our graduates." Alumni Association President 

"Maintaining the quality of my courses is becoming more and more difficult. 
There is also increasing pressure from the administration to offer higher quality 
instruction. If the stress level isn't reduced around here, I might start looking for another 
job!" Faculty Council Chairperson 
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"I'm very worried about my upcoming tenure application! Several faculty have 
already been told that they aren't publishing enough research. And now the 
administrators want us to participate in more committees? It's becoming very difficult 
lately!" Faculty Council Chairperson 

"I've been here a long time, and lately I'm getting fed up with students that are just 
plain ill-prepared for their coursework! Couple this fmstration with no raises over the 
past few years and it's no wonder that seasoned faculty are leaving!" Faculty Council 
Chairperson 

"Faculty evaluations over the past few semesters have shown a definite downward 
trend. Also, none of our students seem to be interested in our Friday evening or 
weekend classes." Vice President of Undergraduate Instruction 

"It is very difficult to be the champion of affirmative action programs around here. 
I keep getting beat up by the administration for not giving enough priority to in-state 
students." Vice President of Undergraduate Instruction 

"News from the governor's office indicates that state funds for higher education 
will be capped and possibly cut in coming years. Other administrators insist there just 
isn't money for new buildings." Vice President of Undergraduate Instruction 

B.2 School of Business Task Dimensions 

Associate Dean: 
No more money 
Senior Faculty Quitting 

Student: 
Tuition is high 
Not enough computers 
Classes too big 
Not enough classes offered 
Too Many raw TAs 

Alumni President: 
Reputation Declining 
No demand for majors 
Poor quality graduates 
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V.P Undergrad Affairs: 
No more classrooms 
Admission standards too low 
Graduation rate too high 
Minorities under represented 

Faculty Rep: 
Classes too big 

Overwork and burnout 
Resignations 
Reduced research 
Reduced grants 
Poor teaching 

Students 111 prepared 
Math 
Problem-solving 

B.3 Ordering of the Prompt Categories for Subjects 

The main task for the subject is "Solve the problems faced by the School of 
Business." The categories chosen to use for prompting the subjects are related to the 
criteria for solving the School of Business problem. In this case, these criteria are 
related to feasibility issues. The "simple" criterion is designed to push the subjects to 
think of different solutions that can solve the problems faced by the School of Business. 
Next, subjects are pushed along the "faster" criterion because reputations and politics are 
at stake. If a particular solution takes too much time to implement, people will become 
increasingly upset with the situation, thus making it more difficult to reach a solution. 
The "cheaper" criterion exists because the monetary resources of the School of Business 
are finite in nature. Finally, the solution must satisfy the interests of all of the different 
parties involved or the solution will never be implemented. 

Important criteria for solutions to the School of Business task are that they: 

1. solve the problems faced by the School of Business 
2. are simple to implement 
3. can be implemented quickly 
4. are inexpensive to implement 
5. satisfy the interests of each of the perspectives involved 

Thus, these categories are sensitive to this particular task. There may, however, be 
other tasks that share these same criteria and categories, as well as yet other tasks for 
which these criteria are not as relevant. Such tasks may possess their own criteria. For 
example, in a military conflict task, the most salient goal may be to get different sides of 
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a conflict to stop fighting or to prevent the different sides of a conflict from beginning 
fighting in the first place. Determination of the proper prompting categories, therefore, 
should be carefully evaluated for each new task. 

The exact order of solution criteria that will be used for the prompts that are given 
to the subjects was determined using a computer generated pseudo-random number 
sequence. The sequence appears below, where each number indicates the category 
(from the list above) from which each prompt will derive. Successive identical numbers 
(which would represent two or more prompts in a row from the same category) have 
been removed. 

Random Order of Prompt Categories: 
1, 4, 2, 3, 4, 5, 3, 2, 1, 5, 2, 4, 5, 3, 1, 5, 1, 3, 2, 4 

Heterogeneous Strategy 
In order to create a purely heterogeneous strategy, it is important to rotate the topic 

of the prompt after each prompt is given. This insures that no two sequential prompts 
are derived from the same topic category. When identical sequential numbers were 
found in the random stream, these duplicates were simply skipped over. This insures 
that each new prompt is from a different category than the preceding prompt. A total of 
20 prompts will be given to all subjects in this condition, one from each category listed 
below. 

Heterogeneous Category Order: 1,4, 2, 3,4, 5, 3, 2, 1, 5, 2,4, 5, 3, 1, 5. I, 3, 2,4 

Mixed Strategy 
For the mixed strategy, two prompts will be delivered from each category in the 

random number stream before switching to the next category. By fortuitous (and 
pseudo-random) coincidence, each of the 5 prompt categories appears exactly twice 
within the first ten digits of the random number stream from above. In this case, a total 
of 20 prompts will be given to all subjects in this condition, two in a row from each 
category listed below. 

Mixed Category Order: 1,4, 2, 3,4, 5, 3, 2, 1,5 

Homogeneous Strategy 
For the homogeneous strategy, four prompts will be delivered from each category 

in the random number stream before switching to the next category. The sequence of 
categories will use the same random number sequence as above (note that the second 
occurrence of the fourth category has been skipped). A total of 20 prompts will be given 
to all subjects in this condition, four in a row from each category listed below. 

Homogeneous Category Order: 1,4, 2, 3, 5 
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Note that for each strategy described above (homogeneous, heterogeneous, and 
mixed) the categories from which the prompts are derived follow the exact same order. 
In other words, the order of prompt categories for the homogeneous strategy follows the 
same order of the beginning prompt categories for the mixed strategy, and the order of 
prompt categories for the mixed strategy follows the same order of the beginning prompt 
categories for the heterogeneous strategy. In all conditions, the order of category 
presentation to subjects remains fixed. 

B.4 Brainstorming Prompts 

Subject Task Instruction; *'Solve the problems faced by the School of Business.'* 

With directed brainstorming, we wish to push the subjects along the specific 
dimensions that are related to the criteria for solving the problem. These prompts insure 
that none of the solution criteria are neglected during their task. Each prompt below will 
be simultaneously read aloud to the participants and displayed on a large public viewing 
screen at the front of the room. 

Prompt Template: "Suggest solutions that... 

Category I: 
• will solve the problems faced by the School of Business." (seed solution) 
• will solve the problems." 
• will solve these problems that is different than any you see so far." 
• will solve the problems of the school of business. " 

Category 2: 
• can be implemented easily. " 
• are simple to implement. " 
• are easy to do. " 
• other simple solutions. " 

Category 3: 
• can be implemented quickly. " 
• we can do fast. " 
• other fast solutions. " 
• can be done quickly. " 

Category 4: 
• are inexpensive to implement. " 
• do not cost a lot. " 
• are cheap to implement. " 
• are not costly. " 
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Category 5: 
• satisfy all of the different perspectives involved. " 
• will be acceptable to each of the groups in the business school. " 
• make everyone in the business school happy. " 
• take each of the different groups into account. " 

B.5 Experimental Checklist for the School of business Task 

Experiment Setup Procedure Checklist 
1. Make sure you have at least 30 of each of the following: a) Consent Form, b) 

Task Sheet, c) Survey Packet d) Random Number Cards 
2. Completely power down and restart all workstations in the room. 
3. Log each workstation into Windows NT using the default login for that 

specific workstation (usually on the sticker on the monitor). 
4. Log each workstation into Groupsystems L le Participant Autologon (START 

menu) 
5. Make sure there is one folder for each brainstorming group in the room. 

For Room 214: 
There should be seven folders, one for each groups of four 

workstations. The designation of workstations to brainstorming groups 
(folders) is as follows 

Group 1: 4,7,10,12 
Group 2: 1, 18, 22, 28 
Group 3: 6, 9, 20, 25 
Group 4: 2,8,11,27 
Group 5: 5, 14, 16, 26 
Group 6: 3,15,17,24 
Group 7: 13,19,21,23 

For Room 430qq: 
There should be four folders, one for each groups of four 

workstations. The designation of workstations to brainstorming groups 
(folders) is as follows 

Group I: 2,4,7,15 
Group 2: 1, 9, 12, 14 
Group 3: 3,5,11,13 
Group 4: 6, 8, 10, 16 

If people are missing (not all subjects show up), move people around as 
necessary to put all empty seats in a single group. In 214, if people are 
missing, make sure the first 6 groups are complete, and in 430qq, if people are 
missing, make sure the fist 3 groups are complete. Then change the number of 
sheets for that session to N+1. 
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6. For each brainstorm session (each folder), turn on comment number, time/date 
stamps, sub-group identification, and animated progress. 

7. Load the Treatment Task Prompts powerpoint slide show at the facilitator 
station. 

8. Advance the slides to the starting slide for the appropriate warm-up exercise. 
9. Leave copies of consent form and index card on each desk ahead of time. 
10. Start the session by introducing yourself, read directly from the script. 
1L Allow groups to brainstorm for a period of exactly 40 minutes. 
12. Deliver directed/comparative prompts when the typing from the previous 

prompt dies down (or approximately 1 every 2 minutes). 
13. It helps to have a digital clock or watch to use for timing the prompts. 
14. Warn groups when they reach the last prompt, give 30 seconds for them to 

finish their last solution. 
15. Make sure we get all task sheets and all surveys returned before everyone 

leaves. 
16. Create a report for each brainstorming session each of the folders immediately. 
17. Make backup copies of the report immediately 

B.6 Facilitation Script for the School of Business Task 

BEGIN FACILITATOR SCRIPT 

[Start Groupsystems at Facilitator Station Login: esantanen, no password] 
[Start Powerpoint show for task prompts at Facilitator Station, show Welcome 

slide] 
[Place consent forms and random number cards on desks before subjects arrive] 
[Write down the exact time that you start reading this script on the top of this 

page] 

Hello. My name is <facilitator name>. Let me start by thanking each of you for 
coming. We need your help, and we appreciate your taking the time to come. If you 
haven't already done so, please take a moment to read and sign the participant consent 
form on your desk. When you are finished, please just leave it there on your desk. I'll 
collect them at the end of the session. Also, please hold on to the index cards for just a 
few minutes. 

Usually I'd just talk to you, but today I am going to read from this script. There'll 
be a lot of people like yourselves helping us with this experiment, and for the sake of 
science we have to make sure that everyone starts with exactly the same information. 
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Welcome to the University of Arizona GroupSystems room. This room is the 
product of theories and technologies that allow a group such as yours to solve problems 
much more quickly than a conventional meeting would allow. We conduct research 
comparing these technologies to each other. Today, you will be using just one of these 
technologies. 

We really appreciate you coming to help us today. Your efforts will guide us as 
we direct the future development of this technology. Your work today is very important 
to us. 

Today, you will work together as randomly designated teams of four people each 
to decide how best to solve a problem. To help you generate your solutions to the 
problem, you will be using electronic meeting tools that are designed to support 
electronic brainstorming groups. Research shows that the more solutions you generate, 
the more likely you are to generate good solutions. Brainstorming is a way to generate a 
lot of solutions in a very short time. 

**START FREE BRAINSTORMING DIRECTIONS *•* 

The process is simple. Imagine each of you started with blank sheet of paper in 
front of you. When I said go, each of you will write one solution on that piece of paper, 
and then throw your paper on a pile in the middle of the room. You would then grab 
another paper from that pile, and read the solution that someone else has already written 
on it. 

After reading it, you should respond to that previous solution in one of three ways: 

[Enumerate on your fingers] 
• Expand on the solution, adding details. 
• Argue with the solution. 
• Or, you might be inspired to a completely new solution. 

These directions will appear on the large screen in front of the room in case you 
lose track of them during the task. When you have finished writing your response, you 
would again toss your paper on the pile, grab one of the other papers, and read the 
previous solution. We will continue along in this fashion until you run out of solutions. 

Now Electronic brainstorming works exactly the same way, except you have an 
electronic page. When you finish typing in a solution, just press the F9 key to send your 
solution back to the group. You will get back another page with someone else's solution 
on it. Read that new solution and then respond to in one of three ways: 
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[Enumerate on your fingers] 

• Expand on the solution, adding details 
• Argue with the solution 
• Generate a completely new solution 

In either case, when you have finished typing your solution, press the F9 key to 
send your solution back to the group. You will get back another electronic page. Read 
the last solution on the page, respond to it, and exchange your page again. We will 
continue in this fashion until you run out of solutions. If you see that you get your same 
page back when you press F9, don't worry about it; just type another solution, and keep 
going. 

•CONTINUE FREE BRAINSTORMING DIRECTIONS* 

[Advance to next slide: Parking Problem] 

OK, lets give it a try just for practice, so that everyone gets to see how its actually 
going to work. For now, suppose that each group of 4 represents the Parking and 
Transportation Committee at the University and has just been given the following task: 

"With the rising cost of parking spaces and an increasing number of students 
commuting to campus, the committee needs to develop alternative ways to ease the 
parking problem at the University." 

[Start Warm-Up Task in EBS - all participants in single large group] 

Read these instructions on your screen and then click only once on the OK button 
when you have finished. Next, you see a window titled "SUBGROUP NAMES". 
Remember the index cards that were on your desk when you first came in? We are 
going to use those here. Each card has a randomly generated number printed on it. This 
random number is simply to allow us to keep your individual contributions separate from 
one another, and is in no way an attempt to determine who anyone is according to the 
solutions you type. So, in the space provided on the "SUBGROUP NAMES" window, 
just type in the random number from your index card and click the OK button. Is 
everyone OK so far? 

We are now ready to begin. Next, just click on the GO button in the upper left-
hand comer of your screen. You should see what looks like a white sheet of paper. 
Remember to keep your task in mind while working, and when you have finished typing 
your solution, press F9 to switch papers and read the new solution on your screen. 
[Advance to next slide: Respond by... Give the groups about 3 minutes to practice] 
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Now everyone type in a solution, switch papers, and respond to the new solution, 
[pause] Type another solution, and then switch again... 
[pause] Just keep going, type a solution, switch papers, read and respond, [pause] 

OK great! Does everyone understand how this works? Are there any questions on 
how this procedure works? [Answer any procedural questions at this point] 

[Stop the Participants in Warm-Up] 

** START DIRECTED & COIVIPARATIVE *** 
*** BRAINSTORlVnNG DIRECTIONS *** 

The process is simple. Imagine each of you started with blank sheet of paper in 
front of you. I will provide you with a specific goal or objective that will also be 
displayed on the large screen in front of the room. Each of you will then write one 
solution on that piece of paper, and then throw your paper on a pile in the middle of the 
room. You would then grab another paper from that pile, and read the solution that has 
already been written on it. 

I will then provide you with another specific goal or objective. Each of you will 
write down a new solution to this new goal. When you have finished writing your 
solution, exchange your page for a new one, and then begin reading any previous 
solutions already on this new page. The goal that I provide for you will always appear 
on the large screen in front of the room in case you lose track of it. The process will 
continue in this fashion until we address each of the important issues of this task. 

Now Electronic brainstorming works exactlv the same way, except you have an 
electronic page. When you finish typing in a solution, just press the F9 key to send your 
solution back to the group. You will then get back another page with someone else's 
solutions on it. You should read these new solutions that are on this page. 

After a short period of time, I will provide you with a new goal will also appear on 
the large screen in the front of the room. Each of you will then type one solution to this 
new problem on your electronic page. When you press the F9 key to send your solution 
to the group, you will get back another electronic page. Be sure to read the responses on 
this new page. In a short while, I will read aloud a new goal, for which you should type 
in another solution. Switch your pages again, and then read what is on your new page. 
We will continue in this fashion until we complete this task. If you see that you get your 
same page back when you press F9, don't worry about it, just keep following the 
instructions that I provide. 
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[Advance to next slide: Policy Committee] 
OK, lets give it a try just for practice, so that everyone gets to see how its actually 

going to work. For now, suppose that each group of 4 represents the Parking and 
Transportation Committee at the University and has just been given the following task: 

*** CONTINUE DIRECTED & COMPARATIVE *** 

"With the rising cost of parking spaces and an increasing number of students 
commuting to campus, the committee needs to develop alternative ways to ease the 
parking problem at the University." 

[Start Warm-Up Task in EBS - all participants in single large group] 

Read these instructions on your screen and then click only once on the OK button 
when you have finished. Next, you see a window titled "SUBGROUP NAMES". 
Remember the index cards that were on your desk when you first came in? We are 
going to use those here. Each card has a randomly generated number printed on it. This 
random number is simply to allow us to keep your individual contributions separate from 
one another, and is in no way an attempt to determine who anyone is according to the 
solutions you type. So, in the space provided on the "SUBGROUP NAMES" window, 
just type in the random number from your index card and click the OK button. Is 
everyone OK so far? 

We are now ready to begin. Next, just click on the GO button in the upper left-
hand comer of your screen. You should see what looks like a white sheet of paper. 
Remember to keep your task in mind while working, and when you are finished typing 
your solution, press F9 to switch papers and then read the solution on your new sheet. 

[Advance to next slide, read it aloud] 1) Type in one solution that we can 
implement quickly. 

[Wait for typing slow down] Is everyone OK? [Advance to next slide,, read it 
aloud] 

2) Now, type one solution that is inexpensive to implement. Then, switch papers 
& read the solutions on your new sheet. [Wait for typing slow down] 

[Advance to next slide (#6), read it aloud] 3) Suggest one solution that is easy to 
do. 

[Pause] OK great! Does everyone understand how this works? Are there any 
questions on how this procedure works? 
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[Answer any procedural questions at this point] [Stop Participants in Warm-up 
Activity] 

By the way, while you are working on the main task, I will ask you about the same 
goal several different times or different ways. Please don't let it bother you. We have to 
do this in case it turns out that we worded one of the goals improperly. 

**RESU]V1E SOB GENERAL DIRECTIONS HERE** 

[Advance to next slide "School of Business"] 

Today, your primary task will be to work together as randomly designated teams 
consisting of 4 people each to decide how best to solve the problems for the School of 
Business. 

Each random group of 4 will act as the University policy making committee and 
will have complete authority to specify exactly what actions should be taken to resolve 
the problems. You will have complete control. 

The memo you are about to receive contains a list of quotes obtained by the 
Provost during performance evaluation interviews with a number of key representatives 
here on campus. Each quotation exemplifies one or more key concerns or problems that 
each of these individuals has identified during the course of their jobs. What we need is 
for you, the policy making committee, to work together and to solve as many of these 
problems as possible. 

At the end of today's session, your solutions will be given to the Provost, who has 
agreed in writing to implement all of your recommendations. Your committee has been 
given complete power to solve the identified problems. Remember that your goal is to 
solve the problems of the School of Business and Public Administration. 

We're going to give each of you a copy of the Report now. You'll have a few 
minutes to review it. Feel free to ask any questions that come up while you read. 

[Hand out the task sheet and give everyone a few minutes to read it] 

Has everybody finished reading the report? Are there any questions about the 
report? 

Q: What kind of resources/material/people/etc. are available for this task? 
A: Whatever you think is appropriate given what you have read. 

[Advance to next slide for this treatment "Goal of Task"] 
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Today you are going to generate solutions in the form of recommendations that 
will be given to the University Provost. Be sure to focus your solutions on specific 
actions you have decided the university must take to solve its problems. 

Your goal is to identify as many different solutions as possible in a short amount 
of time. So we urge you to concentrate on generating new solutions. Try not to repeat 
yourself. Just state your case and move on; don't get bogged down arguing the same 
point over and over again. Right now, your goal is to generate as many different 
solutions as possible that will solve the problems of the School of Business and Public 
Administration. You will have forty minutes to generate your solutions. 

There is one important limitation to the solutions you propose: Each solution you 
type is limited to a maximum of 3 to 4 lines of text. This restriction is intended to help 
you keep your solutions short and to the point. This also means that if you spend too 
long working on any single solution, one of your group members may not be able to 
exchange their sheet for another one until you finish typing your solution and press F9. 

Everything you type in electronic brainstorming will be anonymous. No one will 
be able to tell who said what. This makes it possible for you to concentrate on 
generating solutions, without worrying about personalities and politics. 

Are there any questions at this point? [Wait for a few minutes] 

You have in front of you a copy of the most recent report on the situation. Look 
for solutions that solve as many of these problems as possible. You are encouraged to 
refer back to this report as you work. 

Is everyone OK with this? [Start all groups in their own folders] 

Read the instructions on your screen, and click the OK button when you have 
finished. Next, type in your random number in the Subgroup Names window just like 
before, and click OK. We are now ready to begin the task, and we'll do it just like we 
did before. You will type in a solution, press F9, and then read what comes back. 
Remember to keep the task in mind, and then click the GO button in the top left comer 
of your screen to start. 

[For control group, just show the next slide for the entire 40 minutes] 
[For all other treatments, begin showing slides and reading aloud. Change slides 

when typing dies down, or approximately every 2 minutes. There are 20 prompt slides 
for each treatment] 

[Record the exact time the group began brainstorming, or that you read each 
prompt] 
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[Allow 40 minutes for the brainstorming session, read a new prompt every 2 
minutes] 

OK, our time is up. Why don't you finish typing the solution you are working on, 
and press F9 to send it to the group, then we will move on to the final phase. 

[Wait for typing to stop, then stop all participants] 

Before we go any further, we need your cooperation in one more important way 
when you leave. People will ask you what happened here, but please don't tell them 
anything about the technology or the task until the end of the semester. That would spoil 
our results with the rest of the people who are helping us learn about this technology. It 
would give us inaccurate results. 

If future participants come in here knowing what we are trying to find out, it will 
bias our results. For instance, suppose we were testing to see if this treatment would get 
you to raise you left hand. One of two things might happen; the participants might 
decide they like us, and want us to get good results. So, they would be raising their left 
hands all the time. Then we would go off thinking that our technology is great, when in 
fact it might not be. Or the participants might decide they don't like us, and they want us 
to have bad results. So they would sit there and NEVER raise their left hand. Then we 
would go off thinking that our technology is horrible, when in fact it might not be. 

So, please just tell them that you got to use a brand new, cutting edge technology, 
and that it was an interesting experience. If they press, tell them that in the interests of 
science you must wait until finals week to give them the details. It will drive them nuts, 
but you will be retaining the value of the effort you made here today. If they keep 
pressing you, tell them the left-hand story. 

Finally, we want to give you a short questionnaire where you will be able to tell us 
about how this session has gone. Your thoughtful and honest responses will help us 
shape the future directions of this technology. [Hand out surveys] 

Thanks for your feedback on the survey. It will be a big help to us. When you 
have completed your survey, please just bring them up to the front along with the rest of 
your materials (consent form, index card, task sheet). Thanks for coming! 

[Make sure to get the task sheets and survey back from each subject] 
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Homogeneous Directed Prompts for School of Business Treatment 1 

Write down the time that you started reading these prompts: 
Read one prompt every 2 minutes. 

Time Prompt 

1. Suggest a solution that will solve the problems of faced by the school of 
business. 

2. Suggest another solution that will solve the problems. 
3. Suggest a solution that will solve these problems that is different than any you 

see so far. 
4. Suggest one more solution that will solve the problems of the school of 

business. 
5. Suggest an inexpensive solution that will solve the problems in the school of 

business. 
6. Suggest another solution that won't cost a lot to implement. 
7. Suggest a solution that is cheap to implement that is different than any you 

have seen so for. 
8. Suggest one more solution that is not costly and will solve the problems in the 

school of business. 
9. Suggest a solution to the problems in the school of business that can be easily 

implemented. 
10 . Suggest another simple solution. 
11 . Suggest a solution that is easy to do that is different than any you see on your 

screen. 
12 . Suggest another simple solution that will solve the problems in the school of 

business. 
13 . Suggest a solution that can be implemented quickly. 
14 . Suggest another fast solution to the problems in the school of business. 
15 . Suggest a fast solution to these problems that is different than any you have 

seen so far. 
16 . Suggest one more solution that will quickly solve the problems faced by the 

school of business. 
17 . Suggest a solution that satisfies all of the different perspectives involved. 
18 . Suggest another solution that will be acceptable to each of the groups in the 

business school. 
19 . Suggest a different solution that will make everyone in the business school 

happy. 
20 . Suggest one more solution that take each of the different groups into account. 

Write down the time that you finished reading these prompts: 
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Mixed Directed Prompts for School of Business Treatment 2 

Write down tiie time that you started reading these prompts: 
Read one prompt every 2 minutes. 

Time Prompt 

1. Suggest a solution that will solve the problems faced by the school of business. 
2. Suggest another solution that will solve the problems. 
3. Suggest an inexpensive solution that will solve the problems in the school of 

business. 
4. Suggest another solution that won't cost a lot to implement. 
5. Suggest a solution to the problems in the school of business that can be easily 

implemented. 
6. Suggest another simple solution. 
7. Suggest a solution that can be implemented quickly. 
8. Suggest another fast solution to the problems in the school of business. 
9. Suggest a solution that is cheap to implement that is different than any you 

have seen so far. 
10 . Suggest one more solution that is not costly and will solve the problems in the 

school of business. 
11 . Suggest a solution that satisfies all of the different perspectives involved. 
12 . Suggest another solution that will be acceptable to each of the groups in the 

business school. 
13 . Suggest a fast solution to these problems that is different than any you have 

seen so far. 
14 . Suggest one more solution that will quickly solve the problems faced by the 

school of business. 
15 . Suggest a solution that is easy to do that is different than any you see on your 

screen. 
16 . Suggest another simple solution that will solve the problems in the school of 

business. 
17 . Suggest a solution that will solve these problems that is different than any you 

see so far. 
18 . Suggest one more solution that will solve the problems of the school of 

business. 
19 . Suggest a different solution that will make everyone in the business school 

happy. 
20 . Suggest one more solution that takes the concerns of each of the different 

groups into account. 

Write down the time that you fmished reading these prompts: 
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Heterogeneous Directed Prompts for School of Business Treatment 3 

Write down the time that you started reading these prompts: 
Read one prompt every 2 minutes. 

Time Prompt 

1. Suggest a solution that will solve the problems faced by the school of business. 
2. Suggest an inexpensive solution that will solve the problems in the school of 

business. 
3. Suggest a solution to the problems in the school of business that can be easily 

implemented. 
4. Suggest a solution that can be implemented quickly. 
5. Suggest another solution that won't cost a lot to implement. 
6. Suggest a solution that satisfies all of the different perspectives involved. 
7. Suggest another fast solution to the problems in the school of business. 
8. Suggest another simple solution. 
9. Suggest another solution that will solve the problems. 
10 . Suggest another solution that will be acceptable to each of the groups in the 

business school. 
11 . Suggest a solution that is easy to do that is different than any you see on your 

screen. 
12 . Suggest a solution that is cheap to implement that is different than any you 

have seen so far. 
13 . Suggest a different solution that will make everyone in the business school 

happy. 
14 . Suggest a fast solution to these problems that is different than any you have 

seen so far. 
15 . Suggest a solution that will solve these problems that is different than any you 

see so far. 
16 . Suggest one more solution that takes the concerns of each of the different 

groups into account. 
17 . Suggest one more solution that will solve the problems of the school of 

business. 
18 . Suggest one more solution that will quickly solve the problems faced by the 

school of business. 
19 . Suggest another simple solution that will solve the problems in the school of 

business. 
20 . Suggest one more solution that is not costly and will solve the problems in the 

school of business. 

Write down the time that you finished reading these prompts: 
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B.7 Participant Consent Forai 

Participant Consent Form 

I understand that participation in this study and the completion of the subsequent 
survey is voluntary. This study is part of an effort to help researchers develop software 
that is better suited to group use. The researchers would like to use the information that 
I provide to them for this purpose only. Information that I provided will in no way be 
reflected in my course evaluation or grade. I further understand that participation in this 
experiment will take approximately one class period, and that I will not be monetarily 
compensated for my contribution. 

Please indicate your understanding and approval by signing below. 

Name Date 
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B.8 Post Experimental Questionnaire 

School of Business Survey 

Today's Date: 

What is your age: 

What is your major: 

What is your Random DD number (from card) 

Your gender (circle): Male Female 

I) How many times have you used collaborative technology? 

first time 2-3 times 4-5 times 6+ times 

2) How much exposure have you had to this type of University situation? 

1-2 times 3-5 times 5-10 times 10+times 

3) I have personally experienced one or more of these same problems: 

no yes 

4) How realistic are the problems of the School of Business? 
1 2 3 4 5 

very realistic neutral not at all realistic 

5) How difficult did you find this task? 
1 2 3 4 5 

not at all difficult neutral very difficult 
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6) How engaging did you find this task? 
1 2 3 

very engaging neutral not at all engaging 

7) I am confident that I can precisely identify which of my group members contributed 
specific comments: 

1 2 3 4 5 
disagree neutral agree 

8) The meeting methods we used today (did not meet - met) my expectations: 
1 2 3 4 5 

met neutral did not meet 

9) Today's meeting process was (inadequate - adequate) to meet our goals: 
1 2 3 4 5 

inadequate neutral adequate 

10) How satisfied were you with the work process we used today? 
1 

satisfied 
3 

neutral dissatisfied 

11) The outcome of today's activities: 
I 2 

does not meet 
the meeting's objectives 

3 
neutral meets the 

objectives 

12) The outcome of today's meeting is: 
1 2 3 

satisfactory neutral unsatisfactory 

13) The results of today's meeting are: 
1 2 3 

adequate neutral inadequate 
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14) I fell more comfortable in this electronic meeting than in most other meetings: 
1 2 3 4 5 

disagree neutral agree 

15) The tools and methods we used today would adequately support my usual meetings: 
1 2 3 4 5 

agree neutral disagree 

16) Thinking about the tools and methods we used today: 
1 2 3 4 5 

I prefer other neutral I prefer today's 
tools and methods tools and methods 

17) I am worried that I can be identified by the comments I have typed: 
1 2 3 4 5 

agree neutral disagree 

18) How do you feel about the process by which you generated solutions? 
1 2 3 4 5 

dissatisfied neutral satisfied 

19) How do you feel about the solutions proposed? 
1 2 3 4 5 

dissatisfied neutral satisfied 

20) Overall, how enjoyable did you find your experience? 
1 2 3 4 5 

not at all enjoyable neutral very enjoyable 

21) How effective was your group at generating solutions? 
1 2 3 4 5 

not at all effective neutral very effective 

22) How effective was your group at using all members' skills? 
1 * 2 3 4 5 

not at all effective neutral very effective 
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23) How effective was this meeting versus previous verbal meetings you have 
participated in? 

1 2 3 4 5 
not as effective neutral more effective 

24) How much do you feel you participated in this idea generation session? 
1 2 3 4 5 

not very much neutral a great deal 

25) How satisfied are you with your own performance on this task? 
1 2 3 4 5 

satisfied neutral dissatisfied 

26) How stimulating did you find this task? 
1 2 3 

not stimulating neutral very stimulating 

27) How interesting was this problem solving task? 
1 2 3 

very uninteresting neutral very interesting 

28) How motivated were you to generate good solutions? 
12 3 4 

very motivated neutral not at all motivated 

29) Do you have any other remarks? 

30) Please describe what you think will be the impact of this meeting? 
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APPENDIX C - EXPERT JUDGES 

This appendix contains the names and qualifications of the individuals who served 
as the expert judges for the Gompin Crisis task and the School of Business task. A copy 
of the scoring instructions provided to the expert judges is included at the end of this 
appendix. 

C.l Expert Judges for the Gompin Crisis Task 

The qualifications and experience for the individuals that served as expert judges 
for the solutions generated in response to the Gompin Crisis Task are indicated below. 

John Kruse, Ph.D. 
Research Scientist 
Center for the Management of Information 
University of Arizona 
Tucson, Arizona 85721 
e-mail: wkruse@cmi.arizona.edu 

John Kruse became involved in HA/DR operations while working with the U.S. 
Navy's Third Fleet. He has participated in disaster planning and support with state and 
local officials in California and during the Strong Angel 2000 exercise in the Hawaiian 
Islands. Dr. Kruse has facilitated the UN Peace Keeping Organization in developing 
training standards for military forces. Additionally, he has served as an army commander 
and staff officer. John has been involved with disaster relief situations and training since 
1999. 

Mark Adkins, Ph.D. 
Research Scientist 
Center for the Management of Information 
University of Arizona 
Tucson, Arizona 85721 
e-mail: madkins@cmi.arizona.edu 

Mark Adkins, like Dr. Kruse, became involved in HA/DR operations while 
working with the U.S. Navy's Third Fleet. He has also participated in disaster planning 
and support with state and local officials in California and during the Strong Angel 2000 
exercise in the Hawaiian Islands. Mark has been involved with disaster relief situations 
and training since 1999. 
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Suzy Davidson 
State Disaster Specialist for Ohio 
804 East Gambier Street 
Mount Vernon , Ohio 43050 
Voice (614) 251-1443, Fax (614) 253-6566 
e-mail: idoda@axom.com 

Suzy has been involved in disaster response since 1983. Beginning with EMS as a 
Paramedic & EMS response to disasters, then moving to Red Cross as a local Disaster 
Chairperson, a Territory Disaster Chairperson, and a State Disaster Chairperson. She is 
currently a State Disaster Specialist with National Red Cross and my territory is Ohio. 
She works with 72 chapters & State Service Delivery Areas as their technical resource, 
planning & preparedness expert and has been in this position for 9 years. In the Disaster 
Services Human Resource System (people going on disaster assignments) Suzy is a 
Damage Assessment Officer, a Training Officer, and is a Level FV Operations Director 
(Level V being the highest). Suzy has served on over 35 disaster relief assignments in 
those three functions and has also worked with the state government as a liaison between 
Red Cross, OEMA, and FEMA. 

Mike Goth 
American Red Cross 
State Disaster Specialist 
2344 Portola Rd 
Ventura, CA 93003 
Voice: 805-339-0827 
Fax: 805-339-0791 
e-mail: gothmike@usa.redcross.org 

Mike's disaster experience includes 22 years as a police officer with the City of 
Ventura, CA Police Department. During this period, he was involved in disaster 
planning and response for the City. Since his retirement ten years ago, he has worked 
with the American Red Cross as a Chapter Disaster Director (five years) and State 
Disaster Specialist (five years). Mike has been on the Red Cross relief team for over 
thirty major disasters in the United States and territories. His primary function is Mass 
Care which includes sheltering and feeding. Mike manages Mass Care efforts on major 
relief operations (operations where the Red Cross spends more that $2.5 million in 
relieO-
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Peggy Mott 
Disaster Response Planner 
American Red Cross 
218 A Howe St. 
Point Pleasant, NJ 08742 
732 295 3931 
MottP @ usa.redcross.org 

Peggy has over 30 years experience working in the Emergency Management field 
both for the American Red Cross and the Pennsylvania Emergency Management Agency 
within the disaster planning arena and also working with the Federal Emergency 
Management Agency relative to the American Red Cross responsibilities under the 
Federal Response Plan. Operational experience includes numerous disaster assignments; 
some unique ones include Three Mile Island, Hurricane Camille, Hurricane Andrew, 
Northridge Earthquake, Camp Hill Prison Riots, the Turkey Earthquake, the Venezuela 
mudslides, and Y2K. 

Shirley Olive 
American Red Cross 
Union County Chapter 
109 Farley Circle 
Lewisburg, PA 17837 
Voice (570) 524-0400 
Fax (570)524-0462 
e-mail: unionarc@ceinetworks.com 

Shirley has been involved with disaster relief since 1984. Shirley has extensive 
disaster training and works closely with the Pennsylvania Emergency Management 
Agency. She has been on the American Red Cross relief team for approximately thirty 
five major disasters in the United States. 

C.2 Expert Judges for the School of Business Task 

The qualifications and experience for the individuals that served as expert judges 
for the solutions generated in response to the School of Business task are indicated 
below. 
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Mary L. Raphael, Ph.D. 
Coordinator 
Office of Academic Planning and Review 
1030 N. Mountain, Bldg. 134 
Tucson, Arizona 85721 
Voice: (520) 621-5901 
e-mail: raphael@email.arizona.edu 

Mary earned her Ph.D. from the University of Arizona in the field of Higher 
Education. She has spent a great deal of time looking at the origins of student outcomes 
assessment and briefly trace events leading to the assessment expectations that are 
encountered today. Mary has developed strategies for using the Academic Program 
Review (APR) process as an opportunity to take a fresh look at departmental programs 
(including assessment) and developing advice for improving such programs. 

Kenneth G. Brown, Ph.D. 
Associate Research Scientist 
Office of Academic Planning and Review 
University of Arizona, 
Tucson, Arizona 85721 
Voice (520) 621-5715 
e-mail: brown@oir.arizona.edu 

Ken earned his Ph.D. from the University of Arizona in May 1980 in the field of 
Higher Education. Since 1994, his major responsibilities and assignments in Academic 
Planning and Review involve mostly planning and review activities mandated by the 
state, ABOR, or the university administration. Slate mandated activities include the 
yearly updates of Master List of State Government Programs and the university strategic 
plan with goals and measures, legislatively mandated reviews include the Program 
Authorization Reviews. ABOR mandated activities include the university strategic plan, 
progress toward ABOR strategic and yearly goals, and Academic Program Reviews. In 
addition to these activities. Ken has worked on the university's student assessment plan 
for the North Central Association accepted by NCA in January 1995; served as staff to 
the Strategic Planning and Budget Committee and worked on all university strategic 
plans since 1995; coordinated Program Authorization Reviews for the College of Law 
and Extended University; coordinated several Academic Program Reviews, and 
accomplished a number of analyses for use by the administration. 

From 1976 to 1993, Ken was an Assistant Research Scientist (since July 1987) for 
the Center for the Study of Higher Education at the University of Arizona. In this 
position he was involved in many institutional research and planning projects. Some of 
the projects have involved modeling or simulation of various aspects of the University, 
including projecting enrollments, college SCH production, faculty retirements, and 
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statewide excess freshman demand when the universities cap enrollments. Other projects 
and activities have involved conducting surveys or preparing reports in support of 
various administrative policy or decision-making activities of the President, Provost, 
Vice Provost, Vice President for Institutional Planning, Vice President for Student 
Affairs, and others. 

Betty Atwater, Ph.D. 
Professor and Associate Department Head, Department of Physiology 
Director, School of Health Professions 
University of Arizona 
Tucson, Arizona 85721 
Voice (520) 621-2785 
e-mail: atwater@email.arizona.edu 

Betty is currently Director of the School of Health Professions at the University of 
Arizona, as well as Associate Head of the Department of Physiology, College of 
Medicine. Also, she holds the rank of Professor. Included in her current responsibilities 
is the coordination of a large undergraduate major program in physiological sciences. 
Betty has been at the university for 33 years, with approximately 20 of these years spent 
performing some type of administrative work (in addition to her teaching and research 
responsibilities). In the past, she has served as Department Head and Assistant 
Department Head. Recently, she was co-chair of the University of Arizona's ten-year 
NCA (North Central Association) institutional re-accreditation project. 

Betty graduated from the University of Wisconsin, Madison (M.S. and Ph.D.) with 
a specialization in biomechanics. Her research has involved the study of human motion 
from an anatomical and mechanical perspective, and includes the biomechanical analysis 
of filmed or videotaped locomotion and other skilled movements. She has taught classes 
at all levels, ranging from First Year Colloquia (which she currently teaches), to 
undergraduate and graduate major classes. 

Richard A. Hatch, Ph.D. 
Professor of Information and Decision Systems 
College of Business Administration 
San Diego State University 
5500 Campanile Drive 
San Diego, CA 92182-8230 
Phone: (619) 594-3033 
Fax: (619) 594-1573 
e-mail: Richard.Hatch@sdsu.edu 
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Richard was bom in 1940 and raised in central Indiana. He holds a BS in Public 
Relations from Boston University in 1961 and a Ph.D. from the University of Illinois at 
Urbana (major (Mass) Communications, minor Sociology, 1969). He taught Business 
Communications in English Department, University of Illinois at Urbana from 1967-
1969; taught in College of Business, Western Michigan University at Kalamazoo, 1969-
1975; taught Business Communication and later Information Systems in College of 
Business Administration, San Diego State University, 1975-present. Richard has also 
consulted regularly in a variety of business organizations in San Diego region. 

C.3 Scoring Instructions Provided to Judges 

Please Read these Instructions: 

Thank you for agreeing to assist with this research project. You have been asked 
to participate due to your expertise in the area of disaster relief. Your participation will 
consist of scoring solutions that were generated in response to a hypothetical natural 
disaster scenario. It is estimated that scoring the solutions in this file will you 
approximately 2 hours (estimated 10 seconds per solution). 

This file contains three worksheets (each is a different tab across the bottom of the 
window): 

1. The first sheet contains these INSTRUCTIONS 
2. The second sheet contains the description of the problem TASK 
3. The third sheet contains the pool of SOLUTIONS to the problem generated by 

college students during a 40 minute period. 

The procedure for scoring the solutions contained in the third worksheet is as 
follows: 

1. Please take a moment to read through the problem task contained on the TASK 
worksheet. 

2. Before you score any of the SOLUTIONS please take a moment to familiarize 
yourself with the solutions by reading a random sampling of them (perhaps 40 
to 50 solutions). For example, read several solutions from the top of the list, 
page down a little, read some from the middle of the list, and then page down 
again to read some closer to the end of the list. There are approximately 750 
solutions in total. 

3. These solutions have been generated by "ordinary" college students who may 
not have much experience in the area of disaster relief. Please rate these 
solutions RELATIVE TO ONE ANOTHER rather than rating them against 
some absolute standard that may exist for disaster relief in general. 
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4. Please score each solution according to its OVERALL CREATIVITY. The 
score you provide should be an integer ranging from I to 5, where a score of 
l=NOT CREATIVE and a score of 5=VERY CREATIVE. 

5. In addition to overall creativity, please also score each solution according to its 
TECHNICAL FEASIBILITY. The score you provide should be an integer 
ranging from 1 to 5, where a score of I=NOT FEASIBLE and a score of 
5=VERY FEASIBLE. 

6. In order to score the solutions relative to one another, please score AT LEAST 
ONE solution as a 1 (not feasible or not creative) and score at least one 
solution as a 5 (very feasible or very creative). It is entirely possible, though 
not required, that multiple solutions may receive a score of I and multiple 
solutions may receive a score of 5. Please use your own subjective judgement 
in making these assessments. Remember, these solutions were generated by 
untrained college students. 

7. If you have any question about this procedure, please contact Eric at the 
following e-mail address: esantane@bucknell.edu or (570) 577-3652 

8. When you have finished scoring the solutions according to both creativity and 
feasibility, please return this file to Eric at the above e-mail address. If 
possible, I would like to have the scored data set returned by the end of July. 

9. It is clear that some of the subjects gave this task a more serious effort than 
others. For the sake of making comparative creativity and feasibility 
judgements, it was necessary for all of the solutions to be included in this data 
set for scoring. As this data set contains data from different experimental 
treatments, some of these differences may be a result of the particular 
technique that was used with each treatment. This is why we need your 
assistance. 

10. This task does not need to be completed all at once. It is perfectly acceptable 
for work for half of an hour here and half of an hour there... 

11. Thank you for your help! Your time is greatly appreciated! 
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