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The present study provides a theoretical extension of the main propositions of the SIAM 

model by testing visual stimuli on both nominal and interactive groups. Compared to previous 

studies, this study provides a more dynamic comparative analysis between nominal and 

interactive groups under various visual stimulation conditions, building on the existing SIAM 

model by extending a comparison of two group types (nominal vs. interactive) into a comparison 

between two sets of visual stimuli (homogeneous vs. heterogeneous) and between two different 

lab settings (physical or virtual). As expected, all nominal groups in the present study generated 

more ideas, expressed more idea categories, and had higher inter-category fluency than 

interactive groups. The SIAM model suggests two strategies to assist brainstormers with 

generating unconventional ideas: stimulating diverse idea categories to increase the breadth of 

ideas generated, stimulating relevant homogeneous categories to increase the depth of ideas 

generated. In general, groups exposed to visual stimuli generated more ideas and produced a 

greater number of idea categories than groups given no visual stimuli. As hypothesized, groups 

exposed to task-irrelevant, heterogeneous stimuli generated relatively more idea categories, but 

task-relevant, homogeneous stimuli did not affect group performance as expected. There was no 

major difference in inter-category fluency between homogenous and heterogeneous stimulation 

conditions across nominal and interactive groups. 
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CHAPTER ONE: BACKGROUND AND RATIONALE 

Purpose of Study 

Group work has become a common practice in business organizations, academic 

environments, and other institutions in recent decades.  Group work is typically assigned 

based on the assumption that individuals working together can benefit from the diverse 

contributions and creative stimulation offered by others, and that groups outperform lone 

individuals (Cohen & Bailey, 1997; Paulus, 2000). Previous research (Paulus et al., 1993; 

Stroebe et al., 1992) has shown that 80% of people believe they can be more efficient and 

creative when working in groups. Under this general assumption of “group effectivity”, many 

work places have placed increased emphasis on group work to enhance overall performance 

and improve organizational effectiveness. 

Brainstorming is one of the most common group practices utilized in organizations 

and institutions, in which groups of individuals work together to generate ideas. Software and 

video game designers often use group sessions for inspiration, for example. Business 

managers use groups to generate product-line-related ideas before launching new products. 

Marketers use customer focus groups to gather ideas for new ads, and academics use groups 

to stimulate new research ideas. Teachers adopt brainstorming tools to inspire students in the 

classroom (Craft, 2008).   

In contrast to the “group effectivity” belief advocated by institutions in practice, 

research findings regarding the effectiveness of group brainstorming, in terms of generating 

new ideas, is often mixed. Group work and group dynamics have a long research history 

within social and organizational psychology disciplines (Lamm & Trommsdorff, 1973). 

Scholars in this area primarily address two research questions: first, whether working in a 
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group is an appropriate or effective method of generating creative ideas, and second, under 

the premise that a group is in fact an efficient instrument for triggering creativity, what 

specific factors affect productivity in a group setting. 

Many researchers argue that ideas cannot be generated from a blank slate, by either a 

group or an individual (e.g. Amabile, 1996; Camacho & Paulus, 2005; De Dreu, Bass, & 

Nijstad, 2008; Nijstad, Stroebe, & Lodewijkx, 2002 & 2003; Kohn, Paulus, & Korde, 2011). 

Cognitive psychology theorists assert that previously acquired knowledge and experience 

stored in associative memory must be activated to create new ideas, in both familiar and novel 

contexts for the problem solver (e.g., Ashby, 2004; Gabora, 2002 & 2010; Rips, 2001; 

Sommer & Wennekers, 2003). Scholars on group dynamics support this theory (Nijstad & 

Stroebe, 2002; Raaijmakers & Shiffrin, 1981; Paulus & Brown, 2003). Thus, for problem 

solvers to successfully access previously acquired knowledge and experience stored in 

associative memory, they can be primed with a stimulation method before a brainstorming 

session. 

With the theoretical premise of “stimulation in associative memory can better trigger 

people’s creativity in generating ideas” stated by Nijstad and Stroebe’s search for ideas in the 

associative memory model  (2002), this project was designed to investigate the effects of 

external stimuli on group brainstorming performance. The project also examines the 

effectiveness of interactive group brainstorming performance compared to performance of 

problem solvers brainstorming in an individual setting (nominal group) in conditions with and 

without external stimulation, as well as conditions with homogeneous and non-homogeneous 

(heterogeneous) stimulation. 
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Study Rationale 

Nominal vs. Interactive Groups 

Alex Osborn (1957), the father of brainstorming, once claimed that if groups follow 

the two brainstorming principles, “deferment of judgment” and “quality breeds quality”, that 

“the average person can think up twice as many ideas when working with a group than when 

working alone”(p. 229). Despite the cognitive benefits Osborn ascribed to group 

brainstorming, the findings of numerous empirical studies show that interactive groups can 

form a creatively restrictive atmosphere in practice, and are often unable to deliver desirable 

results. An experiment conducted by Diehl and Stroebe (1987) showed that the pooled 

performance of the same number of individuals brainstorming alone (nominal groups) was 

better than interactive groups, in both the quantity and quality of ideas generated. Later 

research on Osborn’s claims also supported Diehl and Stroebe’s findings as far as productivity 

loss in interactive groups (Mullen, Johnson, & Salas, 1991; Gallupe, et al., 1994; Paulus, 

Larey & Ortega, 1995).  

To understand the potential cause of said productivity loss, Diehl and Stroebe (1987) 

further proposed three social and procedural factors, which were then verified empirically. 1) 

Evaluation apprehension (Camacho & Paulus, 1995; Diehl & Stroebe, 1987), where group 

members may hold ideas back because they fear the judgment of their peers. 2) Social loafing 

and free-riding (Diehl & Stroebe, 1987; Paulus et al., 1993), where group members do not 

participate equally. 3) Production blocking (Diehl & Stroebe, 1987), where an individual’s 

idea may be “blocked” when they must wait their turn to talk. 

Electronic brainstorming (EBS), proposed by Management Information System (MIS) 

researchers, is a technological approach to alleviating productivity loss problems inherent to 



 

4 

 

interactive group brainstorming. In an EBS setting, groups use a specially designed chat 

window supported by EBS software to enter their own ideas on a keyboard, and each member 

views all ideas generated by the entire group at once. Empirical experiments on EBS have 

indicated that because ideas can be entered simultaneously, production blocking loss is 

reduced and over-talking distractions are minimized (Connolly et al. 1990; Gallupe et al. 

1991; Gallupe et al. 1992). Further, EBS can prevent members from producing redundant 

ideas (Dugosh & Paulus, 2005; Gallupe et al. 1990; Gallupe et al. 1991; Handzic, 2007), and 

encourage them to generate ideas in novel directions, because they see all other group 

members’ ideas in real-time (Pinsonneault et al., 1999).Also, people can participate the 

brainstorming anonymously through EBS medium, which can minimize the evaluation 

appreciation effect to extent.  

Based on the verified advantages of EBS, the experiment reported in this dissertation 

utilized a carefully brainstorming medium in software format to investigate the performance 

of both nominal and interactive groups. The primary goal of this experiment was to detail the 

effects of external visual stimuli on group brainstorming performance and the differing 

influence of various visual stimuli on nominal and interactive groups. To diminish potential 

effect interference caused by the brainstorming medium itself, both nominal and interactive 

groups in this study were instructed to brainstorm in an identical EBS setting. 

Associative Memory Paradigm 

In addition to examining social factors in the productivity gap between nominal and 

interactive groups, brainstorming researchers also have begun to investigate cognitive factors 

that affect brainstorming performance (Dugosh, et al., 2000; Dugosh & Paulus, 2005; Nijstad, 

Diehl, & Stroebe, 2003). Studies suggest that receiving ideas from other group members can 
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stimulate relevant concepts in individuals’ memories as connected by a semantic network, 

triggering an association chain of ideas (Brown & Paulus, 2002; Nijstad, Diehl, & Stroebe, 

2003). This research paradigm is also known as the “associative memory network” paradigm. 

The theory contends that previously acquired knowledge stored in an associative memory 

network can be activated through external stimulation provided during the idea generation 

process to improve individual brainstorming performance.  

The search for ideas in the associative memory model (SIAM) developed by Nijstad 

and Stroebe in 2002 further detailed the associative memory network theory both theoretically 

and empirically in group brainstorming setting. The results of experiments conducted by 

Nijstad and Stroebe (2002; 2006) suggest that two strategies should be adopted to assist 

individuals to escape habitual thinking paths. The first is to stimulate idea category diversity 

to increase the breadth of idea generation. The second is to increase the depth of idea 

generation by stimulating ideas from a homogeneous set of categories.  

In a series of experiments on associative memory network theory conducted by 

Dugosh et al. (2000), individual participants in an experimental group listened to an audiotape 

containing ideas contributed by prior brainstormers; whereas individuals in the control group 

received no external cues. Results showed that participants who received external cues 

generated more ideas than participants in the control group. In other words, when people 

brainstorm without any stimulation, they fall into habitual thinking patterns and stick to 

familiar idea paths rather than exploring novel directions, thus requiring more effort to 

generate ideas and driving down overall brainstorming performance. To this effect, external 

stimulation is necessary to increase the breadth and depth of idea generation in a group 

brainstorming setting by helping problem solvers to generate a larger amount of newer ideas. 
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Visual Stimuli 

This study was built on the basic theoretical propositions of the SIAM model (Nijstad 

& Stroebe, 2007). Chapter Two provides a detailed discussion of the SIAM model. Two types 

of stimulation were employed in the present study: ideas contributed by other group members 

(textual stimulation) and visual stimuli provided by the experimenter (visual stimulation). 

Previous empirical brainstorming studies mostly use ideas contributed by other group 

members as the main method of stimulation. Although past research has provided evidence 

that the use of pictures as external cues can enhance participant creativity (e.g., designers, 

teachers), employing visual stimuli is still a relatively new and underdeveloped practice in 

group brainstorming research. Therefore, the effects of visual stimuli on group brainstorming 

performance and its role in group interactions remain unclear. This study was designed to 

more thoroughly examine how visual stimulation affects brainstorming performance, and 

whether or not the effects work differently within nominal and interactive groups. 

Summary of Research Objectives 

Brainstorming, in which a variety of ideas are collected from group members, is the 

first step in a problem-solving group session. The task session ends with deciding between 

one or more solutions based on the evaluation of the entire group ideas. This experimental 

study is focused on this first part of a problem-solving group session; the complete decision-

making process is beyond the current scope of this dissertation. 

The primary objectives of this study, conducted under the SIAM model as its overall 

theoretical framework, are as follows: 1) to examine the effects of different stimuli (textual 

vs. visual) on brainstorming performance; 2) to investigate the effects of visual stimuli on 

interactive groups, specifically regarding innovative thought paths, during the idea generation 
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process; and 3) to understand if homogeneous or heterogeneous stimuli better enhance group 

discussions as the SIAM model suggests, that is, to increase the depth or breadth of idea 

generation. 

This study aims to thoroughly investigate the long-debated topic of group work by 

gathering empirical research and building detailed comparison between interactive and 

nominal groups with and without external stimulation. By comparing the effects of 

homogeneous and heterogeneous visual stimuli on idea generation among interactive groups, 

this study attempts to begin a new research direction: fuller understanding of the cognitive 

effects of visual stimuli on group interaction during brainstorming tasks. 

Research Questions 

The research questions for this experimental study were framed by the research 

objectives described in previous section. 

Research Question 1: Will nominal groups outperform interactive groups in control 

and visual stimulation condition?  

Previous group brainstorming studies found that nominal groups in both face-to-face 

setting and electronic setting deliver better brainstorming outcomes than interactive groups 

(e.g. Paulus & Brown, 2007), and the positive effects of interactive group increases when the 

size of group increases (Gallupe et al., 1990). The domain of comparing nominal groups with 

interactive groups in various stimulation conditions is understudied because of its 

marginalized status in traditional brainstorming group research.  

One of the research challenges it faces is how to best operationalize different 

stimulations, especially for visual stimulations which can be very dynamic. In comparing with 

the pooled-individual condition (i.e., nominal group), the interactive group allows idea 
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exchange and sharing, which functions as word stimulation (Paulus & Brown, 2003). 

According to Malaga (2000), “the use of picture stimuli, either by itself or in conjunction with 

word stimuli, leads to ideas with a higher level of creativity than the use of just word stimuli” 

(p. 138).Thus, one of the study objectives was to explore the effects of visual stimuli on 

nominal and interactive group idea generation performance and examine if nominal group can 

outperform interactive group in both control and experimental conditions. 

Research Question 2: How do different types of visual stimuli affect group idea 

generation performance and group discussion topic switch? 

The second question specifies two types of visual stimuli, homogeneous and 

heterogeneous, and explores whether visual stimulation types have any different impact on 

brainstorming performance and group discussion topic switch during brainstorming. In this 

study’s experiment, a task-related image set was defined as homogeneous stimuli; a random 

and diverse i set was then defined as heterogeneous stimuli. “Idea topic switch” in this study 

is defined by the number of idea category shifts a group makes for each brainstorming session 

– this is a novel definition that has not been addressed in past SIAM model-related studies. 

The fewer idea category shifts a group has, the more group members tend to focus on a 

specific set of idea categories. According to the main proposition of the SIAM model, a set of 

homogeneous visual stimuli may direct group members to discuss and brainstorm in only a 

closely-related conceptual domain which can potential increase the depth of train of thought, 

but heterogeneous images may broaden participants’ thinking domains and thus inspire them 

to generate ideas from various categories. 

To further examine the effects of homogeneous and heterogeneous visual stimuli on 

group brainstorming performance, the second research questions was framed visual stimuli 
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influence on brainstorming through three specific measurements: the quality of ideas, 

diversity of ideas, and inter-category fluency of ideas. “Quality of ideas” is quantified as the 

number of non-redundant ideas generated in the group (Guilford, 1975). “Idea diversity” is 

defined as the number of idea categories generated by individuals or groups. A broad number 

of categories reflects high idea diversity, and a limited number of categories reflects low idea 

diversity (Baruah & Paulus, 2011). “Inter-category fluency” is defined as average number of 

ideas produced per category (Brown & Paulus, 2002; Nijstad & Stroebe, 2002). 

Organization of the Dissertation 

The remainder of this dissertation is divided into five chapters. Through an analysis of 

pertinent literature, Chapter Two provides the literature review on how the above research 

questions have been investigated in earlier researches and then developed in the present study. 

It then describes previous findings and methodologies that have shaped the theoretical 

landscape on which I carry out this dissertation work. Building on this conceptual 

background, Chapter Two further provides a detailed description of the main theoretical 

framework of this present study, the SIAM model. The main theoretical propositions of the 

SIAM model help to situate the research questions I seek to explore and to develop the 

hypotheses for this dissertation study. Those propositions provide a basis for further analysis 

on the interplay between visual stimuli and group interaction during the idea generation 

session, as well as to help understand how the different types of external visual stimuli affect 

group overall brainstorming performance. 

Chapter Three presents the description of the preliminary testing procedures and the 

main experimental study used to examine the main research questions provided above. 

Chapter Four is a presentation of the findings of this experimental study based on the 
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three research questions and the main hypotheses that are described in Chapter Two. This 

chapter describes the statistical methods used for data analysis and interprets the data results. 

The fifth chapter is a synthesis of the focal findings. This chapter provides a detailed 

discussion on the hypotheses postulated in the introductory chapters within the framework of 

the related theories and theoretical assumptions. The discussion leads to the key insights 

gained to position this study in light of prior related research and limitations that should be 

considered in interpreting the findings. At the end of this chapter, I describe the potential 

theoretical contributions of this empirical work to the related research domain, and conclude 

by suggesting potential directions for future research. 
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CHAPTER TWO: LITERATURE REVIEW 

Introduction 

In this chapter, through analysis of relevant literature concerning the group 

brainstorming research field, the research questions in this experimental study are discussed 

as they have been examined in earlier studies. Findings relevant to this study’s conceptual 

framework are described, and hypotheses are explained as framed by the two research 

questions. 

As mentioned in the previous chapter, there are mixed findings and separate schools of 

thought regarding creative performance in brainstorming groups related to the research 

questions posed here. This chapter provides a literature review of two major research areas 

that initiated this study: 1) whether nominal groups outperform interactive groups when 

placed in identical experimental settings, and 2) whether visual stimulation can increase the 

breadth and depth of idea generation as proposed in the SIAM model, and how the nature of 

stimuli affect brainstorming performance in nominal and interactive groups. 

Literature Review 

What is Brainstorming? 

Brainstorming, originally formed and developed by advertising executive, Alex 

Osborn (1957; 1963), is a well-known and commonly utilized idea generation tool. In a 

brainstorming session, individuals are instructed and encouraged to express all ideas without 

concern for the quality of ideas. The premise of brainstorming is based on two principles 

advocated by Osborn, “deferment of judgment” and “quantity breeds quality”. Osborn (1963) 

asserted that these two principles free the creative potential inherent to individuals in groups. 

“Deferment of judgment” rules out criticism during the idea generation phase in effort to 
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increase the quantity of ideas generated; when the quantity of ideas increases, so does the 

probability that some of the ideas are practical, or “quality” ideas. Osborn (1963) derived four 

rules of brainstorming to guide those who implement the practice: 1) criticism is not allowed, 

2) free-wheeling is welcomed, 3) quantity is sought, and 4) combinations and improvements 

from others are encouraged. 

Socio-Cognitive Processes in Brainstorming 

The brainstorming process is presumed applicable to settings where brainstormers 

function either individually or in an interactive group. Compared to individual brainstorming, 

brainstorming in a group requires idea generation at both the individual level and the group 

level through social interaction among group members (Wang, Cosley, & Fussell, 2010). Ever 

since the concept of brainstorming was proposed by Osborn in the early 1960s, a number of 

research paradigms have been developed to examine and understand how cognitive factors 

(e.g. De Dreu, Baas, & Nijstad, 2008; Diehl & Stroebe, 1987 & 1991; Dugosh et al., 2000; 

Kohn, Paulus, & Korde, 2011; Kohn, Paulus, & Choi, 2011; Nijstad, Stroebe, & Rietzschel, 

2007), social factors(e.g. Adarves-Yoron, Postmes, & Haslam, 2006 & 2007; Adler & Chen, 

2011; Camacho & Paulus, 2005; Diehl & Stroebe, 1987 & 1991), and group factors(e.g. 

Mannix, Neale, & Goncalo, 2009; Nemeth et al., 2004) may influence individual thinking 

processes and outcomes in various dimensions that affect overall group performance. 

At the cognitive level, despite many different approaches and perspectives held by 

brainstorming scholars, the most agreeable theoretical assumption posits that an idea cannot 

be generated out of nowhere – it must be produced based on some pre-existing knowledge 

and/or past experience(Amabile, 1996; Camacho & Paulus, 2005; De Dreu, Bass, & Nijstad, 

2008; Nijstad, Stroebe, & Lodewijkx, 2002 & 2003; Kohn, Paulus, & Korde, 
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2011).Psychology and neuropsychology researchers in this area have shown that to generate 

innovative ideas, previously acquired information and life experience stored in associative 

memory must be activated in both familiar and novel contexts(Ashby, 2004; Gabora, 2002; 

Nijstad & Stroebe, 2002; Raaijmakers & Shiffrin, 1981; Rips, 2001; Paulus & Brown, 2003). 

This forms a fundamental cognitive process, where ideas are generated by retrieving existing 

concepts from associative memory. 

Associative memory theory assumes that human memory is formed by a network of 

existing concepts, each represented by a single concept node. Thus, when an individual is 

exposed to an external stimulus (e.g., a word, an image, an artifact), the stimulus activates not 

just one node in the network, nor every node to an equal degree, but the activation is 

distributed across many clusters of memory nodes, with the degree of activation decreasing in 

relation to the distance from the most activated one (Collins & Loftus, 1975; Gabora, 2002). 

Therefore, activating one concept may then make other interconnected concepts more 

accessible and easier to be activated and retrieved (Collins & Loftus, 1975; Wang & Cosley, 

2011). 

The central proposition of spreading activation theory also helps explain why 

brainstorming in groups or expose to external stimulation may be effective. Working in an 

interactive group enables members to exchange and share their ideas with other group 

members. Exposure to each other’s ideas during group brainstorming sessions, works as 

external stimuli to initiate the spreading activation process in group members’ associative 

memory. Creativity is enhanced because these stimuli can help trigger concepts that may be 

unfamiliar or accessed infrequently by individual (Raaijmakers & Shiffrin, 1981). Nijstad and 

Stroebe (2006) named this process the “cognitive stimulation effect.” 
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Nominal vs. Interactive Groups 

A wealth of existing research has compared brainstorming performance between 

nominal and interactive groups. In a nominal group, participants work individually without 

interpersonal interaction or collaboration with others, and any non-redundant ideas of nominal 

group members are subsequently pooled. In other words, nominal groups are a group in name 

only. Conversely, participants in interactive groups share their ideas either orally or 

electronically with other group members in real time.  

Nominal groups generally are more productive than interactive groups: studies report 

that interactive groups are significantly less productive than nominal groups (Mullen, 

Johnson, & Salas 1991; Paulus, Larey, & Ortega. 1995). In a review of the group 

brainstorming literature and also based on their own research, Baruah and Paulus (2008) 

concluded that the empirical evidence clearly indicates that participants working in nominal 

groups produce more ideas than their counterparts working collectively do, but there is less 

clarity of evidence available in terms of measures of quality, originality, and variety of ideas 

generated. In spite of the performance measurement, researchers looking into this also note 

that individuals in nominal groups tend to perceive that interactive groups generate more ideas, 

and report that they would have better personal performance within groups (Diehl & Stroebe, 

1987 & 1994). 

Diehl and Stroebe (1987 & 1994) pinpointed three main explanations for the low 

productivity inherent to face-to-face group brainstorming. Production blocking, first, is a 

common problem in interactive brainstorming groups, where participants become inefficient 

or disengaged, or even lose their grasp entirely on an idea, while waiting for the opportunity 

to express themselves ((Diehl & Stroebe, 1987; Paulus et al,. 1997). Production blocking 
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becomes more of a problem, naturally, as the size of the group increases. Second, interactive 

group structure can limit group members’ idea generation through evaluation apprehension. A 

study conducted by Mullen, Johnson, and Salas (1991) found that interactive groups 

generated fewer ideas when an authority figures were present during their session, for 

example. Camacho and Paulus (1995) found that participants in interactive groups tended to 

have higher anxiety about social interaction than participants in nominal groups. Finally, the 

third most common problem in an interactive brainstorming group is individual inactivity, or 

social loafing – that is, participants may intentionally limit their cognitive effort to contribute 

to the idea pool, and instead rely on other group members to accomplish the task at hand 

(Diehl & Stroebe, 1987). 

In effort to eliminate disadvantages inherent to traditional face-to-face brainstorming 

practices, electronic brainstorming (EBS), in which brainstormers enter ideas simultaneously 

into an electronic workstation, was proposed by MIS researchers as a potential solution. The 

benefits of EBS are related to a number of the procedural and social psychological factors 

described above. EBS curtails production blocking because group members do not have to 

wait their turn to express an ideas. It also minimizes evaluation apprehension because the 

software enables anonymity, and eliminates distracting social cues such as facial expressions. 

EBS also reduces social loafing opportunities by keeping a record of the entire group 

dialogue. 

In addition, EBS possesses distinct advantages over traditional brainstorming methods. 

It increases performance efficiency by reducing wait time, leaving more room for group 

members to generate a larger quantity of ideas. By sharing the workstation window, EBS 

helps groups to eliminate redundant ideas and focus their attention more on the ideas of other 
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members. At same time, shared ideas in the window serve as textual stimuli to spur novel 

directions for group members, increasing both the quality and quantity of ideas. As mentioned 

in a theoretical research paper by Paulus and Brown (2007), in interactive groups, “we may be 

reminded of areas or categories we had not considered or be stimulated to make a connection 

to some of our own ideas.” 

Although electronic brainstorming successfully facilitates interactive groups in theory, 

researches comparing EBS interactive groups with nominal groups have produced mixed 

findings. Some studies show that in relatively large EBS groups (n>9), interactive groups 

outperformed equivalent nominal groups (Dennis & Valacich, 1993;Valacich, Dennis, & 

Connolly, 1994).Other studies (Dennis & Willams, 2003; Derosa, Smith, & Hantula, 2007) 

have shown that interactive groups composed of more than eight members who participate in 

electronic brainstorming generate more ideas than an equivalent number of nominal groups. 

Gallupe et al. (1990) asserted that positive effects increase with larger groups.  

In a review of the literature on this topic, Paulus and Brown’s paper (2007) on group 

brainstorming further reported that small interactive groups may perform worse during 

electronic brainstorming than nominal groups. Relevant empirical evidence has shown that 

individuals in small groups, even under the anonymity inherent to electronic brainstorming, 

are held back by social and cognitive interference from other group members; once the group 

becomes large enough, however, the increased number of ideas generated by group members 

may counteract some of the social apprehension toward idea sharing (Paulus & Brown, 2007). 

Previous studies have also found that EBS interactive groups tend to explore fewer categories 

of ideas (Larey & Paulus, 1999; Paulus & Brown, 2003), and are more likely than nominal 

EBS groups to focus discussion on highly accessible cognitive categories (Routhieaux & 
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Schneider, 1993). For example, in a four-person EBS group brainstorming experiment 

conducted by Ziegler et al. (2000) that categorized the ideas generated by interactive or 

nominal groups, the interactive group was found to produce fewer idea categories than the 

nominal group. 

Group Brainstorming Contribution Model 

Nijstad, Rietzschel, and Stroebe (2003) summarized research findings regarding group 

creativity and brainstorming tasks, and developed and presented a contribution model for 

group creativity (see Figure 1)1 in their book Creativity and Innovation in Organizational 

Teams. This model presents an integration of group problem-solving processes at both 

individual and group levels, and provides a research context and general framework for 

understanding group brainstorming. The contribution model identifies two crucial 

determinants of group task performance: 1) resources brought to the group by individual 

members, and 2) processes involved in the way these resources are combined to produce 

group-level outcomes. 

Figure 1 provides an illustration of the contribution model developed by Nijstad, 

Rietzschel, and Stroebe in 2003. The grey area at the left side of the figure represents the 

input contributed by each individual group member, where it is implied that each member 

brings expertise, skills, abilities, and experience to the group. Group members generate ideas 

by utilizing their knowledge resources as described in the associative memory network 

section (Arrow 1). In interactive group setting, individual outputs are then pooled and 

exchanged with other group members (Arrow 2), contributing to the group processing space 

                                                           
1 Figure from Nijstad, B. A., Rietzschel, E. F., & Stroebe, W. (2003). Four principles of group creativity.In L. L. 

Thompson & H. S. Choi (Eds.), Creativity and innovation in organizational teams (pp. 161-179). Mahwah, N. J: 

Lawrence Erlbaum Associates. 
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represented by the white area at the right side of the figure. Once shared with the other group 

members, the original idea is available to the group as a whole (Arrow 3). Individual ideas 

then initiate various cognitive effects on group members – an idea shared by one participant 

may spark a connection to another participant’s own ideas, as described by Paulus and Brown 

(2007). A shared idea can then become an external stimulus that activates concept nodes in 

participants’ associative memory networks. 

At the end of a session, the whole group must provide some kind of collective 

response to complete the brainstorming task (Arrow 4). The contribution model represents the 

complete idea generation process for an interactive group, in which individual group members 

contribute information based on their expertise and life experience, and individual 

contributions are combined to produce group responses (Nijstad, Rietzschel, & Stroebe, 2003). 

Contrary to group brainstorming research that argues that nominal groups generally 

produce more ideas to interactive groups (Dennis & Valacich, 1993; Valacich et al., 1994), 

even under EBS conditions, the contribution model provides another perspective and asserts 

that collaboration and idea sharing stimulate creativity and activate concept nodes that may 

not otherwise be accessed by individuals. Further, by building on previous group 

brainstorming research, the contribution model proposes four guiding principles for group 

creativity tasks. Principle 1 concerns individual creative potential, whereas Principles 2, 3, 

and 4 deal with factors relevant to creative potential in groups. 

Principle 1, the creative potential principle, is derived from the work of Ivan Steiner 

(1972), who distinguished between potential and actual productivity of a group. Steiner 

claimed that the potential performance of a group is determined by two factors: the resources 

of group members, and the characteristics of the task. The creative potential principle thus 
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states that group creativity potential is a pool of individual resources combined with the 

demands of the group task. A relevant experimental study conducted by Goncalo (2004) 

compared individual- and group-focused attributions during brainstorming found that 

individual-focused attributions reflect the idiosyncratic characteristics of individual group 

members, and group-focused attributions reflect the emergent properties of the group as a 

whole. Individual-focused attributions help groups generate ideas that are, on average, more 

divergent. This finding implies that group diversity is a key factor in improving brainstorming 

creativity performance over individuals working alone. 

Nijstad, Rietzschel, and Stroebe (2003) also believe that it is necessary for group 

members to communicate their ideas, preferences, solutions, and expertise. Principle 2, the 

effective sharing principle, states that an adequate sharing process and adequate division of 

labor are required for opportunities (and individual willingness) to share ideas. Effective 

information sharing has been studied extensively within the hidden profile paradigm (e.g., 

McLeod et al., 1997), but is beyond the scope of this paper and hence will not be discussed 

here. 

The contribution model further suggests that even if group members share information 

effectively, its ultimate effectiveness yet relies on how it is being processed by other group 

members – in other words, the information must activate related concept nodes in other 

members’ associative memory networks before it has any effect on the individual output to 

the task. Once an idea provided by one group member triggers new ideas in other members, 

and information offered by one member can be then reconstructed and combined into a new 

idea by the group. Principle 3, the accessibility principle, states that information shared by 

individuals can make related information more accessible for the entire group. Highly 
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accessible information is more likely to be a focal group discussion, which can impede group 

to create a jumping-off point for novel thought directions within the limited given for each 

session. 

Nominal groups are not exposed to group shared ideas as stimulation by design, but 

interactive groups involve both divergent and convergent processes which create stimulation. 

A divergent thinking process tends to be more conducive to building similarities between 

ideas not previously thought to be related. For instance, during a brainstorming task on 

“improving/strengthening neighbor relationships,” one idea provided by a member, “walking 

the dog for each other”, may lead to the key word, “dog”, to other members. Thus, this key 

word proffered by one group member activates the “dog” concept node as illustrated in Figure 

2, then said activation spreads until triggering the favorite cartoon character of another group 

member, Snoopy, which produces the “hosting a costume party in the neighborhood” idea that 

is quite divergent from the original “walking dog” idea. The convergent thinking process, 

conversely, builds similarities between ideas that are commonly known to be related (Gabora, 

2010). Taken the previous brainstorming task described earlier as a convergent thinking 

example, “walking the dog for each other” may lead to “invite neighbors to a dog show” (see 

Figure 2) idea shared by others. Brainstorming needs both quantity and quality, and as Osborn 

assets (1957), “quantity breeds quality”. To this effect, both divergent and convergent 

thinking are required during a brainstorming session to generate ideas that are both novel and 

in large amounts. 

Principle 4 of the contribution model, the effective convergence principle, states that 

groups are successfully creative when they eventually converge and vote on best ideas of the 

group. The specific process of idea/solution selection and decision-making in a brainstorming 
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session is beyond the scope of this dissertation paper; the focus of this study is understanding 

and examining whether stimulation activates divergent and convergent thinking processes to 

generate diverse ideas in large quantities.  

The contribution model and its four principles provide context and a general 

theoretical framework of group creativity for research in the group brainstorming field, by 

tapping into the primary driving factors which affect group brainstorming performance. 

Nijstad, Rietzschel, and Stroebe (2003) concluded that groups must be strategically composed 

and proven-effective procedures during the appropriate stages of the brainstorming process 

must be implemented to successfully utilize creative potential. 

Implications 

The above review of relevant brainstorming research imparts three crucial messages: 

1) social factors, such as fear of evaluation and social loafing, largely contribute to the 

productivity gap in interactive groups (Paulus & Brown, 2007), 2) production blocking is a 

significant problem which occurs due to mandatory waiting time for idea sharing(Diehl & 

Stroebe, 1987 & 1993), and 3) focusing on conventional and specific topics inhibits creativity 

– group members tend to share mostly common knowledge and spend time on comfortable 

topics rather than pushing in novel directions (Lamm & Trommsdorff, 1973; Bouchard, 

Drauden, & Barsaloux, 1974; Larey & Paulus, 1999). These shortcomings related to 

interactive groups drive down individual motivation to contribute and reduce convergence of 

thought, resulting in low quantity and quality of ideas. The effective sharing principle and 

accessibility principle proposed by Nijstad, Rietzschel, and Stroebe (2003) specifically 

address this problem. These principles also conveys the message that the implementation of 

proper external stimulation, to extend, can facilitate both divergent and convergent thinking of 
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individual members, which in turn increases the possibilities to generate more and unique 

ideas in group. Search for ideas in the associative memory model (SIAM) developed by 

Nijstad and Stroebe (2002) further elaborates the potential theoretical impact of external 

stimulation on group brainstorming.  

Search for Ideas in the Associative Memory Model (SIAM) 

Developed based on theoretical assumptions of associative memory theory, Nijstad 

and Stroebe (2002) extended Raakijmakers and Shiffrin’s (1981) search of associative 

memory (SAM) memory retrieval model and developed the SIAM model. As opposed to the 

SAM model, the SIAM model emphasizes the active cognitive search process that occurs 

while a problem solver attempts to generate new ideas. The present study used the SIAM 

model to understand fundamental principles of idea generation techniques, (specifically, 

external stimulation,) and the resultant cognitive processes of individual participants. 

According to the SIAM model (see Figure 3), brainstorming is a repeated search 

process that generates new ideas in the associative memory network. This repeated search 

process consists of two stages: information activation, and idea generation. The SIAM model 

suggests that a series of trains of thought are produced during the brainstorming process, 

initiated by received external stimuli. Trains of thought are mined for information related to 

the brainstorming task and ideas are proffered within specific semantic domains triggered by 

the external stimuli received previously. 

Information sharing influences the cognitive thinking process of group members in 

both positive and negative ways. On one hand, positive stimulation occurs when shared ideas 

activate infrequently accessed semantic domains, enhancing the potential for participants to 

generate unique ideas. On the other hand, interference occurs when idea sharing disrupts 
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individual cognitive processes. Previous research has shown that productivity loss is resulted 

when interference level is stronger than stimulation, and that productivity gain is possible 

when stimulation is stronger than interference during brainstorming (Nijstad, Stroebe, & 

Lodewijkx, 2003; Nijstad, Stroebe, & Rietzschel, 2007; Stroebe, Nijstad, & Rietzschel, 2010).  

The SIAM is a cognitive model based on the retrieval of existing knowledge from 

associative memory combined with various aspects of extracted information related to the 

given brainstorming task to form original ideas (Nijstad & Stroebe, 2006). Most previous 

empirical studies on the SIAM model focus on understanding shared ideas or textual 

stimulation effect on the individual or group end brainstorming performance (Nijstad, Stroebe, 

& Lodewijkx, 2002; Nijstad & Stroebe, 2006; Guo & McLeod, 2011). To investigate how to 

best reduce interference level while improving stimulation, this present study utilized 

stimulation beyond the interactions and idea sharing among group members, and used visual 

stimuli as additional external stimulation with both nominal and interactive groups. 

Visual Stimuli 

The intelligence of visual perception. Visual thinking theory, first proposed by 

Rudolf Arnheim in 1969, states that visual thinking is not simply mechanically recording 

objects seen and regurgitating them repetitively, but instead that visual perception itself is 

intelligent. Arnheim (1969 & 1974) challenged the established assumption that words, not 

images, are the primary ingredients of thought, and that language precedes visual perception. 

In his work, Arnheim argued, “the remarkable mechanisms by which the sense understand the 

environment are all but identical with the operations described by the psychology of thinking” 

(1969, p. 13). In essences, the theory claims that perceiving is not a passive recording of 

stimulus material but an active concern of the mind. Although Arnheim takes a psychological 



 

24 

 

approach to understanding visual and cognitive processes, which makes conceptual sense, 

there have been very few empirical studies attempted to support his theory.  

Supported by Arnheim’s main argument, Allan Paivio (1986) developed a related 

theory called dual-coding that places equal importance on both verbal and visual processing. 

Paivio supported his argument by defining two cognitive subsystems: one specialized for the 

representation of nonverbal objects, and the other specialized for language. Paivio (1986) 

refers to the non-verbal subsystem as the imagery/visual system, because its critical functions 

include analyzing visual scenery and generating mental images. The verbal subsystem, 

conversely, manages language and specialized representations including auditory information, 

words, and writing patterns. Paivio further theorized that each system has its own associative 

network, and that they are meaningfully interconnected. The dual-coding theory asserts that 

activation of both subsystems has a positive effect on an individual’s recall of associated 

memories.  

In another relevant study, Mayer and Anderson (1991) noted that the presenting both 

verbal and visual information to a problem solver promotes creativity more than presenting 

verbal and visual information separately. In their experiment, students who were given a 

verbal description and also exposed to an animation significantly outperformed students who 

were only given one source of information on a creative problem-solving test. Mayer and 

Sims (1994) found similar results in another study using scientific instead of creative content. 

Another relevant experiment conducted by Malaga (2000) showed quite different effects of 

image and word stimuli on creative brainstorming tasks, however. In Malaga’s study (2000), 

participants were asked to generate ideas in response to a specific task after having been 

exposed to words, images, and combined image-word stimuli. The results revealed that the 
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use of image stimuli elicited more creative ideas than word or combined stimuli, which is 

inconsistent with dual-coding theory.  

Implication. Visual thinking theory argues that the activity of visual perception is an 

indispensable condition for mind to function altogether. The theory challenges an existing 

tendency to think that philosophy, art, and science coexist but do not cooperate directly. As 

argued by Arnheim (1969), intelligent thought takes place within the realm of an image itself, 

but it is shaped in such a way as to be interpreted through relevant features visually. In a 

problem-solving context, if an image exposed to a problem solver fails to be relevant 

perceptually, it is then considered as useless or confusing. Arnheim’s visual thinking theory 

provides an innovative and unique psychological approach to understanding why visuals help 

people to think better; however, it does not provide a theoretical basis for empirical research.  

Although Paivio agreed with Arnheim that visual perception should not be discounted 

only because it is not assumed to involve thinking in a traditional sense, he took a different 

and more methodological approach to examining the effects of visual perception. The dual-

coding theory claims that memory is constructed as an associated network with different paths 

(verbal- and image-based), which both lead to the same information stored in memory. To this 

effect, the more pathways that are activated, the more previously stored knowledge can be 

recalled from the associated network. Although some of the theoretical assumptions of the 

theory have been supported by the empirical evidences (Mayer & Anderson, 1991; Mayer & 

Sims, 1994), two main issues are yet unsolved: for one, the dual-coding theory does not 

provide a thorough understanding of how visual stimuli differs from verbal stimuli in terms of 

cognitive processing, because it argues that the two cognitive systems interconnected. 

Secondly, studies that have revealed results inconsistent with the dual-coding’s theoretical 
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assumptions imply that the effects of verbal and visual stimuli on cognitive processing need to 

be more carefully and thoroughly defined.  

The role of images in the creative thinking process. Informed by previous visual 

perception research, the SIAM model and the group contribution model, this study built an 

integrated model that represents the cognitive processing of visual stimuli (see Figure 4) in 

effort to empirically examine how visual stimulation affects creative thinking. In terms of 

creative problem-solving, specifically, the model posits that the visual reasoning process 

includes four stages: perception, retrieval, imagining, and external representation.  

At the perception stage, visual stimulus is provided, received, and initially interpreted 

by the problem solver. While viewing of the visuals, identification of main elements, 

combination of elements, and recognition of visual cues occurs automatically and 

simultaneously. During the interpretation process, problem solver begins observe about 

relationships between elements and the given task, and explore the predicates of the exposed 

visual stimuli. Studies have shown that individuals typically recognize images more easily 

and quickly than text, whether or not they have been (or remember having been) exposed to 

the image previously (Coleman & Colbert, 2001; Goldschmidt & Smolkov, 2006; Schacter, 

1995; Streeck & Knapp, 1992). This phenomenon occurs due to the reduced effort involved in 

accessing stored knowledge through imagery over text. After the initial observation, the 

perceived visuals are immediately categorized.  

The retrieval stage next enables the problem solver to internalize and assign new 

meaning to the visual cues they have received. The human capacity for image recognition 

goes far beyond merely naming classes of familiar objects (Matsukawa, 1995; Matsukawa, 

Snodgrass, & Doniger, 2005): for example, an image of a leaning tower in Travel Magazine is 
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not just an architectural object, it is recognized immediately as the Leaning Tower of Pisa in 

Italy, and stores of any other relevant information are accessed immediately, as well. The 

recognition of particular patterns automatically connects to previously acquired knowledge 

stored in memory, thus, at the retrieval stage, task-related information and the initially 

analyzed images trigger the concept node in the associative memory network, allowing 

relevant information to be more readily and successfully retrieved.  

Shepard (1978) named three main reasons that images have positive effects on 

creative problem solving. First, the use of images provides an alternative to the conventional, 

linguistic way that thoughts are processed. Second, an image contains more and richer 

information than a word tapping into a problem solver’s knowledge stores easily and quickly 

and potentially initiating trains of thought that are cumbersome linguistically. This is 

particularly important in brainstorming sessions, as participants are usually under time 

constraints. Third, images are more likely to produce positive emotions and emotional 

motivation than language, which in turn broadens the scope of attention and thought-action 

repertories (Fredrickson & Branigan, 2005). 

A number of empirical studies have examined the effects of images as external stimuli 

on idea generation performance. IdeaExpander, designed by Wang et al. (2010 & 2011), is a 

computer-programming tool that intelligently selects images from online sources based on 

keywords identified during a group discussion. Wang et al. (2010 & 2011) found that 

participants exposed to visual stimuli selected by IdeaExpander generated 2.3 more ideas than 

their control participants. In another relevant study, Malaga (2000) found that the use of 

images as stimuli (as opposed to the use of single words or image-word combinations) helped 

participants to generate more creative ideas during individual brainstorming sessions. 
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Osborn stated that the brain performs two main activities during the thought: 

visualizing, and generating ideas (Boddy, 2012). At the third stage in the model mentioned 

above, the imagining process enables the problem solver to construct and re-construct the 

knowledge she or he has activated, and then transform it into a final output. Image 

transformation can be either congruent or pattern-changing transformation (Kosslyn, 1995; 

Oxman, 2002). Congruent transformation takes an image and re-constructs it into another 

form similar to its original physical representation (such as mental image rotation or image 

size change). Pattern-changing transformation, as described by Oxman (2002), creates new 

visual relationships, or assigns new visual elements to the original image. External 

representation is the stage at which problem solvers provide their creative solutions, which 

they can then revisit later for further inspection and modification.   

Previous studies on visual effect on creativity performance have supported this model 

and confirmed the positive impact of visual stimulation on creative problem-solving 

performance. For example, Garner and McDonagh-Philp (2002) conducted a study on “mood 

boards”, which visual tools comprised of an assemblage of images, and found that the boards 

successfully assisted creativity and idea development in design activities. Proctor (1995) 

reviewed a selection of different creativity-enhancing tools and found that images rich in 

content have a positive effect on creative thinking.  

On the other hand, as Gonçalves, Cardoso and Badke-Schaub (2012) pointed out, a 

common unproductive result of visual stimulation is design fixation – individuals exposed to 

images intended to stimulate novel ideas may have an unconscious tendency to generate ideas 

based on the most obvious parts or principles of the messages conveyed through the images 

instead of developing alternative solutions. That said, the experiment conducted by Gonçalves, 
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Cardoso and Badke-Schaub (2012) instructed groups to identify only one solution at the end 

of each study session, which suggests that participants focused more on practical solutions 

rather than diverse and novel ideas; thus, the findings presented by Gonçalves, Cardoso and 

Badke-Schaub (2012) are not particularly applicable to research on brainstorming. 

Homogeneous vs. heterogeneous visuals. Arnheim (1969) proposed that if a piece 

visual stimulus does not relate successfully to any conceptual meaning in the problem-solving 

context, it may cause confusion to the information receiver and actually produce worse results 

than no image exposure at all. In contrast, the SIAM model claims that task-relevant and 

homogeneous stimuli can increase the depth of idea generation; whereas task-irrelevant and 

heterogeneous stimuli can broaden the brainstorming scope (Nijstad & Stroebe, 2006). 

Relatively few studies have been published previously on the effects of different forms of 

SIAM-model-based visual stimuli on group brainstorming outcomes. This present study was 

designed to examine the overall effects of visual stimuli on group brainstorming performance 

as well as comparing the outcome impact of homogenous versus heterogeneous visual stimuli.  

Hypotheses  

Comparison between Nominal and Interactive Groups 

Compared to nominal group conditions, in which individuals are not exposed to the 

ideas of any other individuals, an interactive group allows idea exchange and sharing, which 

functions as textual stimulation (Paulus & Brown, 2003). In terms of the productivity of 

nominal and interactive groups in both face-to-face (FTF) and EBS settings, previous studies 

have shown three significant patterns: 1) EBS brainstorming groups are more productive and 

more satisfied with the group interaction process than FTF groups (e.g., DeRosa et al., 2007), 

2) interactive brainstorming groups in both FTF and EBS conditions have a tendency to 
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persistently discuss particular topics and do not fully exploit the available range of topics 

related to a given task (e.g., Lamm & Trommsdorff, 1973; Bouchard, Drauden, & Barsaloux, 

1974; Larey & Paulus, 1999), and 3) large EBS brainstorming groups outperform nominal 

groups of the same size, but small nominal groups tend to outperform EBS brainstorming 

groups (e.g., DeRosa et al., 2007). 

DeRosa et al. (2007) suggested that the main reason large EBS groups outperform 

nominal groups is the diversity inherent to a larger group – the more members an interactive 

group has, the more diverse its discussion topics, and thus, the more likely they are to lend 

their focus to several different topics. The experiment in this study focused on examining and 

understanding the impact of external stimuli on brainstorming performance in small groups 

(n=3), so the same effects on large brainstorming groups is beyond its scope. 

Guilford (1975) made a clear and valuable distinction between generating categories 

of ideas and generating ideas within a specific category. A broad number of categories is 

considered a result of divergent thinking, whereas a limited number of categories is 

considered a result of convergent thinking. In this study, inter-category fluency was calculated 

and defined according to the total number of ideas produced divided by the number of idea 

categories generated. 

Another relevant study conducted by DeRosa et al. (2007) showed that in a small 

group setting, nominal groups outperform interactive groups. To address the first research 

question of this study, the brainstorming experiment was conducted under the presumption 

that nominal groups would outperform interactive groups under both control and visual 

stimulation conditions. In light of this assumption, the first hypothesis is: 
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Hypothesis 1 – Nominal groups will outperform interactive groups either with or 

without visual stimulation. 

Comparison between Homogeneous and Heterogeneous Visuals  

The inherent nature of visual stimuli, as discussed above, is to provide broader and 

richer information which activates more concept nodes in the associative memory network 

than a thought process without any outside stimulation. According to one of the main SIAM 

model propositions (Nijstad & Stroebe, 2006), task-relevant and homogeneous stimuli enable 

individuals to explore particular topics in depth, but limit the dimension of the solution space; 

task-irrelevant and heterogeneous stimuli, conversely, limit the in-depth thinking process 

within a certain topic. The SIAM model suggests that processing heterogeneous stimuli 

results in high cognitive load, but these stimuli activate unique concepts in the associative 

memory network that would otherwise not be triggered. 

Nijstad and Diehl (2006) further explained this SIAM proposition in their subsequent 

study on the cognitive model of idea generation in groups. In this work, they stated that an 

idea from one semantic category is usually followed by another idea from the same semantic 

category, due to the low amount of cognitive effort required. When the category is shifted, 

however, the search process restarts in the associative memory network and generates ideas 

related to the new concept. Consistently restarting the search process as categories continually 

shift takes more time, as well as effort, than working within the same category – thus, idea 

generation from diverse semantic categories leads to fewer ideas generated within the same 

time interval as opposed to generating ideas within one category (Nijstad & Stroebe, 2006). 

Early studies in cognitive psychology also suggest that task-relevant external stimuli 

facilitate stimulation effect and activate concept nodes in the associative memory network due 
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to higher level of familiarity and shorter response latency (Collins & Loftus, 1975; Posner & 

Snyder, 1975), whereas task-irrelevant stimuli diminish the stimulation effect due to reduced 

familiarity and lengthier response latency. According to previous theoretical assumptions, 

high semantic relevance level in stimuli increases an individual’s familiarity level with the 

given task, thus requiring less cognitive effort to associate concepts in the memory node 

cluster. 

Although task-relevant stimuli reduce response latency, they also weaken the incentive 

for the problem solver to generate or follow novel trains of thought, instead allowing him or 

her to rely on his or her most readily accessible knowledge. According to Hender et al. 

(2002), “conventional stimuli tend to activate familiar patterns of association resulting in 

people staying within bounded, familiar areas of their cognitive network”. To encourage 

problem solvers to pursue fresh ideas, unique stimuli which are not immediately relevant 

should be provided in effort to initiate creative thinking in less-accessible cognitive network 

areas. Brainstorming participants may first perceive diverse stimuli to be irrelevant to the 

problem they are attempting to solve, but unconsciously activate loosely-related concepts in 

their associative memory network then generate more original ideas. 

Guo and McLeod (2014) conducted an experiment examining the effects of two types 

of visual stimuli on the quantity and diversity of ideas generated in an individual 

brainstorming setting. In their study, an image set directly related to the given brainstorming 

task was defined as “semantically homogenous stimuli”, and a random image set was defined 

as “semantically heterogeneous stimuli”. Their study hypothesized that individual participants 

exposed to heterogeneous stimuli would generate more idea categories but fewer ideas. 

Results showed that participants under heterogeneous stimulation did generate more idea 
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categories than those under homogenous stimulation, but there was no significant difference 

between groups as far as the number of ideas produced. 

This study was designed to extend Guo and McLeod’s experiment to include a 

comparison between different types of brainstorming groups. To address the second research 

question, this study compares the idea generation performance of both nominal and interactive 

groups influenced by both homogenous and heterogeneous visual stimuli. Hypothesis 2 

predicts the image of homogenous stimuli on group performance, and Hypothesis 3 predicts 

the impact of heterogeneous stimuli. 

Hypothesis 2 – Groups exposed to task-relevant and homogenous stimuli will produce 

more ideas than those groups exposed to task-irrelevant and heterogeneous groups or 

control groups.  

Hypothesis 3 – Groups exposed to task-irrelevant and heterogeneous stimuli will 

generate more idea categories than those exposed to task-relevant and homogenous 

stimuli or control groups.  

One of the main propositions made by the SIAM model is that diverse stimulation 

enhances the accessibility of disparate idea categories (Nijstad & Stroebe, 2006) and can, 

therefore, facilitate more novel ideas during brainstorming. Further, the model states that 

thematically relevant and homogeneous stimulation has no effect on idea diversity, but it does 

lead to more ideas per category, defined in this experiment as inter-category fluency. Thus:  

Hypothesis 4 – Groups exposed to task-relevant and homogenous visual stimuli will 

lead to a higher rate of inter-category fluency than those exposed to heterogeneous 

stimuli.  

As previously discussed, in effort to reach consensus and avoid negative judgment 
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from other group members, individuals in interactive groups have a tendency to share and 

discuss “safe” information instead of exploring alternative thought paths (e.g., Stasser & 

Titus, 1985, 1987; McLeod et al., 1997; Kelly & Karau, 1999; Wittenbaum, 1998). This can 

cause interactive brainstorming groups to generate mostly conventional ideas. Heterogeneous 

visual stimuli were employed in this experiment to try to push participants toward more 

expansive trains of thought, and encourage them to share ideas generated from divergent 

directions. 

To investigate the effect of visual stimulation type on idea topic switching during 

brainstorming, the experimenter counted the number of idea category shifts during each 

interactive group discussion. The number of category shifts was used as a variable to measure 

the level of discussion persistence on any one topic during the brainstorming session. A large 

number of category shifts implies that participants explored a wide range of topics. The 

participants in nominal groups did not engage in group discussion, thus, they were not 

included in this part of the experiment. The following hypothesis concerns topic switching 

during interactive group brainstorming: 

Hypothesis 5: Interactive groups exposed to heterogeneous stimuli will show a higher 

rate of number of idea category shifts than interactive groups exposed to homogenous 

stimuli.  
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CHAPTER THREE: RESEARCH METHODS 

Overview 

The experiment utilized a 2 x 2 factorial design which includes comparison to a 

control treatment at each level of the experiment, which ensures viable analytical results. The 

two independent variables were: group type and task associative distance of stimuli, and the 

two group types were nominal groups and interactive groups. The two task-associative 

distances used were: task-relevant and homogeneous, and task-irrelevant and heterogeneous. 

These were compared to the control conditions, which did not involve any exposure to 

stimuli. Data collection for this study contained two phases: the preliminary survey study and 

the laboratory experiment where the study hypotheses were tested.2 The preliminary study 

was conducted initially as a pilot study to validate the feasibility of the visual stimuli selected, 

and the laboratory study included experiments and a post-experiment questionnaire.  

Preliminary Study 

Experimental Task 

The brainstorming task used in this study was as follows (Appendix A): 

 “A student who leaves college before graduating paid tuition that probably cannot be 

recovered solely through employment, because it has been proven that a person who lacks a 

college degree will generally earn less over his or her lifetime than a college graduate. In 

addition, there is a loss of tuition for the institution, and a loss of a major in some 

departments. Thus, retaining a student is fundamental to the ability of an institution to carry 

out its mission. Based upon the information that you have just received, please produce as 

                                                           
2My research protocols were approved by Cornell’s institutional review board (IRB) in March 2012.  
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many ideas as you can in 15 minutes about how universities can improve their student 

retention rates.”  

This brainstorming task was written based on a seminar topic from a Western 

American community college in 2010 regarding the topic of student retention. The task was 

used in both preliminary and laboratory studies. The task description was modified to be more 

direct and concrete to suit the purposes of this brainstorming experiment.  

The particular task was chosen for a number of reasons. First, the main participants, 

who have had some experience or at least familiar with the university retention issue, were 

expected to be recruited from college. Second, the task is open-ended question, which allows 

the participants to generate original ideas based on their previous knowledge and experience. 

Third, this specific task is a commonly discussed topic and requires no specialized training or 

expertise. In addition, the results were expected to emulate real-world problems and 

potentially generate results that help institutions to broaden or redesign their academic 

programs and directives.   

Stimuli Selection 

In previous empirical studies on this subject, research on visual stimulation regarding 

creative tasks (e.g Malaga, 2000; Wang et al., 2010 & 2011) commonly utilizes two 

experimental methodologies to generate stimuli for an experiment. The first methodology 

uses a graphical-user interface developed with stimuli image database support; the second 

uses to create an interface that is automatically linked to online image search engine, which 

allows for the stimulus to change based on the keywords entered by the participants. The 

primary advantages of these two methods are that both databases and online image search 

engines contain significant visuals, and that the possibilities of having the same image appear 
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more than once is largely reduced. That said, there is a sizeable disadvantage to the methods 

in that the random stimulus generalization on the interface tends to minimize opportunity for 

experimental manipulation. For example, the images generated by the database/online search 

engines may not meet the defined associative distance of the stimuli. Moreover, every 

participant may be exposed to a different set of images due to the randomness of actions or 

keywords entering in the interface. Naturally, there exists the potential for the credibility or 

reliability of research results to become compromised if the results are influenced by the 

stimulus itself or the different associations made by participants, as compared to the influence 

of each visual set they viewed.  

 To build on the previous body of knowledge, instead of randomly generating images 

from databases or search engines based on user actions, the present study selected 

homogeneous and heterogeneous stimuli for the experiment in advance. All the images were 

carefully selected, based on the following protocol guidelines, through online image search 

engines (Flickr and Google Images). In selecting the visual stimuli, the main criteria used in 

Malaga’s (2000) pictorial and textual stimuli research were adopted.  

 The use of images directly related to the given task domain was avoided, because 

this type of stimuli is unlikely to assist the participants’ ability to generate original ideas 

(Mednick, 1962).  

 The use of images with abstract or weak pictorial element was avoided as these 

kinds of images can create more difficulties related to clarity or understanding of the pictorial 

representation (particularly during a brainstorming activity with the added pressure of a time 

constraint).  

 Any stimulus that contains negative emotion elements was avoided. Adolphs and 
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colleagues (2005) have suggested that emotion tends to enhance the likelihood to remember 

the experience, while reducing the probability that specific visual details of that event are 

remembered. In addition, individuals tend to avoid emotional stimuli which are associated 

with an aversive experience (Pittig, et al., 2014). Therefore, visuals that can potentially evoke 

negative emotional arousal are particularly filtered out from the selection.  

 Stimuli that are closely related or remotely associated with the given task were 

selected. Each selected image captures a real world scene or a specific, generally familiar 

activity (Appendix B).  

In keeping with this set of guidelines, visual stimuli were selected through the 

following process.  

1. The direct task associate list, which was generated by the university retention 

seminar in response to the task domain, served as the primary source of keywords to search 

homogeneous visual stimuli through online image search engines. The list contains more than 

40 non-duplicate responses and generated 80 images in the first round.  

2. 80 irrelevant heterogeneous images were then randomly selected from Google 

Image and Flickr, and unqualified images were filtered out according to the experimenter’s 

judgment.  

3. Two raters were recruited and then asked to individually evaluate the task associate 

distance of the selected image set. The raters were then asked to compare their evaluation 

results and resolve any differences. The final sets prepared for the pilot study contained 55 

homogeneous and closely relevant visual stimuli and 55 heterogeneous and irrelevant stimuli.  

Participants 

Twenty-two students from Cornell University participated in the preliminary survey 
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study. Two recruitment methods were used: one through the online on-campus experiment 

study recruitment system, SUSAN, and another through on-campus bulletin advertising. 

Participants ranged in age from 18 to 33 years, and 78% of the participants were females. 

Design and Procedure 

The preliminary study was a survey study, the goal of which was to further validate 

the relevance and the homogeneity level of selected visual stimuli for laboratory experiments 

with a relatively larger sample. All participants were randomly presented either a homogenous 

or heterogeneous image set through the electronic medium, then instructed to fill out a short 

survey to rate and validate the relevance and the homogeneity level of the images they were 

exposed to. After the pilot study, images that were not able to be validated by survey results 

were eliminated from the stimuli set. The brainstorming question was identical for the pilot 

and laboratory studies (Appendix A); however, the brainstorming question during the pilot 

study was presented only to have participants validate the relevance and the homogeneity 

level of the image content for the given task – no other brainstorming activities were 

instructed or performed in the pilot study. 

During the preliminary survey, participants were first asked to watch an online video 

that presented either a homogeneous or heterogeneous image set. Three definitions were given 

at the beginning of the survey: relevance, homogeneous and heterogeneous. “Relevance” was 

defined as the level at which image content is relevant to the given brainstorming question, 

“homogeneous” was defined as the content consistency level of the images in one set, and 

“heterogeneous” was defined as the content diversification level of the images in one set.  

Both the homogenous and heterogeneous sets were tested in the pilot study. Each set 

contained 55 images that were reviewed and rated by 11 participants. Images were displayed 



 

40 

 

for five seconds each; afterward, the participants were instructed to fill out an online 

questionnaire which asked them to rate (Appendix C) (1=strongly disagree, 5=strongly agree) 

whether the images in the video shared a common theme, then to rate the homogeneity and 

heterogeneity levels of the images (1=none, 5=to a great extent), and to define the theme 

shared by the images if applicable. After completing the questionnaire, the participants were 

given the brainstorming question that was going to be used in the laboratory experiment. They 

were not asked to do any brainstorming, but to list the images that they thought were least and 

most irrelevant to the given question.  

Results 

Theme identification. After being shown the relevant and homogeneous image set, 

the participants generally agreed that the images that appeared in the video had a common 

theme (M = 4.11, SD = .94). Some keyword examples, which they provided before being 

asked to identify the main theme among these images according to the brainstorming 

question, were “life at school”, “academics”, “teamwork”, and “collaboration among 

students”. These thematic keywords reflected the high consistency of the presented image set, 

and were all closely related to the brainstorming task. 

Participants shown the irrelevant and heterogeneous image set agreed much less that 

the images in the video shared a common theme (M = 2.91, SD = .70). On the question asking 

for a theme description, for example, most participants answered “Not Applicable”. Only four 

participants provided the answer to this question: they were “human life”, “vivid color”, 

“happiness”, and “communication”, which are fairly vague and quite diverse conceptually – 

too much so to be considered pertinent to the brainstorming task, which validates the 

dissimilarity and irrelevance of the image set. 
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Stimuli-task relevance, homogeneity and heterogeneity level. Furthermore, under 

relevant-and-homogeneous image set condition, participants generally agreed that the 

presented image set was related to the given brainstorming task (M = 3.89, SD = 1.04), rated 

homogeneity level relatively high (M = 4.12, SD = .75), and rated heterogeneity level 

relatively low (M = 2.36, SD = .81). Under irrelevant-and-heterogeneous image set condition, 

participants clearly had low agreement level with stimuli-task relevance (M = 2.73, SD = .91), 

rated homogeneity level relatively low (M = 2.09, SD = .70), and rated heterogeneity level 

relatively high (M = 4.27, SD = .79). Subsequent ANOVA analysis showed significant 

difference in the ratings between both conditions: stimuli-task relevance, F(1, 20) = 8.05,  p 

< .05, homogeneous level, F(1,20) = 45.60, p < .05, and heterogeneous level, F(1, 20) = 31.50, 

p < .05.  

Participants in both test conditions were instructed to identify the images that were 

least relevant and most relevant to the given brainstorming task. Based on the participants’ 

feedback, the experimenter then selected and eliminated the 10 most frequently mentioned 

irrelevant images in the homogeneous set, and the 10 most relevant images in the 

heterogeneous set. Each of the two final image sets utilized in the laboratory experiment thus 

contained 45 images that had been vetted for effectiveness and proven suitable for the 

purposes of this study. 

Laboratory Experiment 

 The laboratory experiment consisted of a brainstorming session and post-experiment 

questionnaire. During the data collection process, the sample size of participants available for 

the experiment on-campus alone was very limited. Therefore, to increase the sample size and 

expand the demographic diversity of participants, the experiment was then decided to be 
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conducted in two different labs: a physical lab on campus, and a virtual lab in Second Life (an 

online platform that is discussed in a later section). All instructions and activities related to 

the experiment were performed electronically in both labs, where the participants randomly 

assigned to interactive groups shared the same chat screen with their group members, and 

those participants randomly assigned to a nominal group could not see any input from other 

group members. The same exact brainstorming task was assigned to both the on-campus 

participant groups and Second Life participant groups to ensure consistency.  

Participants 

Two hundred and ten participants participated in total performed the brainstorming 

task defined in the Experiment section of this manuscript. The age range of participants was 

between 18 and 55 years, and 66% of the total participants were females. As previously 

mentioned, the laboratory experiment was conducted in two separate lab settings: an on-

campus physical lab, and an online virtual lab (Second Life).  

Slightly more than half (51%) of the study participants took part in the experiment in 

the Second Life setting. Online participants were recruited by Second Life Market Truths 

Limited in exchange for $1250 Linden Dollars, which is equal to approximately $5.30 USD; 

the 49% of participants who took part in the physical laboratory setting were recruited 

through the SUSAN system, and through school bulletin advertising sponsored by Cornell 

University. On-campus participants were not paid, but were given course credit.  

Design 

With an additional lab setting being used in the experiment, the original design turned 

into a 2 x 2 x 2 factorial design, with lab setting (on-campus lab or virtual lab), group type 

(nominal or interactive group), and task associative distance (homogeneous, or 
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heterogeneous) as between-subject factors with a comparison with control conditions (no 

stimuli) at each level of the experiment. Table 1 details the design of the laboratory 

experiment and the number of groups assigned to each experimental condition. Each 

condition contained 6 randomly assigned groups, except for interactive-control condition and 

interactive-heterogeneous condition in the on-campus lab setting, which contained 5 groups 

due to a shortage of on-campus participants.   

Dependent Variables and Measurements 

Four dependent variables of brainstorming performance were measured in the 

laboratory experiment: quantity of ideas, idea diversity, inter-category fluency, and the 

number of idea category shifts. Quantity of ideas was obtained according to the number of 

pooled, non-repetitive ideas generated by each group. Idea diversity was defined and 

measured according to the total number of idea categories generated within each group. Inter-

category fluency was measured according to the average number of ideas discussed per 

category by each group (i.e., the number of ideas within each idea category), and the number 

of idea category shifts was used to measure the effects of visual stimuli on idea topic 

switching within interactive groups.  

Experiment Protocols and Software 

Physical lab experiment. In the physical lab setting, AOL Instant Messenger (AIM) 

was used as the electronic medium for all forms of communication related to in the 

experiment. All the experimental instructions, group conversations and brainstorming 

activities were delivered and conducted through AIM. In groups that required stimuli, the user 

interaction screen had two sections: the right side of the screen displayed the stimulus while 

the left side of the screen contained the AIM chat window for the experimenter to deliver task 
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instructions, and for the participants to submit their ideas.  

As mentioned above, each finalized image set contained 45 images after eliminating 

unqualified images. Each stimulus was displayed on the screen for a minimum of 5 seconds, 

then the stimulus changed based on an internal timer. Each image set was presented in a loop 

while the participants brainstormed. Each image in the set was displayed 4 times during the 

15-minute brainstorming session, during which time the participants were not able to advance 

the image display by pressing the “forward” button. In the control group, the screen only 

contained the AIM chat window for receiving the experimenter’s instructions and submitting 

ideas.  

Second Life. The Second Life interface, which allows users to construct their own 

personal avatar and certain aspects of their virtual environment, provides both public chat and 

private chat functions. In the virtual lab, interactive groups used the public chat function and 

nominal groups used private chat. Three “Skylabs” and one welcome room, designed to 

resemble the on-campus physical lab, were created and reserved in advance for the 

experiment (see Figure 5). The Skylabs contained a public screen which displayed the stimuli 

in the same sequence as the physical lab screens, at identical duration time as the on-campus 

lab. The public screen was removed in the control group so that participants were not exposed 

to any type of stimuli during the experiment.   

Procedure 

Physical lab experiment. Experiments were conducted through an electronic medium 

in both on-campus lab and virtual lab. Three separate lab rooms and one experimenter room, 

each equipped with individual computer workstations, were systematically prepared. Upon 

arrival, the participants randomly assigned into nominal groups were directed by the 
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experimenter to individual rooms, and the participants randomly assigned into the interactive 

group were placed in one room. Once the participants were seated, the experimenter returned 

to his or her lab room and delivered all necessary instructions to participants’ online chat 

windows.  

As discussed in an earlier chapter, participants were randomly assigned to either a 

nominal or interactive group, each of which consisted of three participants. To avoid or inhibit 

other outside influences, all participants were randomly assigned a screen name to use in their 

chat window. They were carefully instructed to neither change the screen name nor disclose 

any personal information during the experiment. 

In the nominal group setting, each participant worked individually in his or her own 

room, was not made aware he or she was part of a group, and was not able to view other 

group members’ ideas during the session. Individual results were combined by the 

experimenter to determine the nominal group’s performance after the session was terminated. 

In the interactive group setting, participants worked together to complete the brainstorming 

task, though they worked on separate computers. As stated in a previous study by Dugosh et 

al. (2000), productivity in electronic brainstorming groups is enhanced only when group 

members are explicitly instructed to pay close attention to the ideas of others. Interactive 

group participants were thus specifically instructed to pay attention to the ideas generated by 

other group members, and that they would be tested at the end of the session on their ability to 

do so.  

After receiving background information and chat room instructions (Appendix D) 

from the experimenters, the participants were given the brainstorming task. They generated 

ideas and submitted them by typing them into the designated portion of the screen (the AIM 
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chat window). Participants spent 15 minutes submitting as many ideas as possible through the 

chat window, and received no communication or feedback from the experimenter regarding 

their ideas during the brainstorming session. 

In the nominal group setting, participants typed ideas and submitted them to a chat 

window shared solely with the experimenter. In the interactive group setting, participants 

communicated with each other in a group chat that included all group members and the 

experimenter – all individual group member ideas submitted were available to the entire 

group in real-time, without any temporal discontinuity. As mentioned above, in groups 

provided visual stimuli, an image slideshow window appeared right beside the chat window 

which played one of two image sets: relevant-and-homogenous, or irrelevant-and-

heterogeneous. 

After the brainstorming session terminated, the participants were provided a link to a 

Qualtrics online survey (Appendix F and G). The questions basically surveyed 1) whether 

participants would have generated more ideas under different conditions than those they were 

assigned; 2) their perception of individual performance; 3) their perception of group 

performance (only for interactive group participants;) 4) their perceived satisfaction of 

individual performance; 5) their perceived satisfaction of group performance (only for 

interactive group participants;) 6) their perception of the usefulness of stimuli; and 7) their 

recall of ideas produced by their group (again, only for interactive group participants.) Once 

participants completed the questionnaire, the experimenter delivered a debriefing message 

through the shared chat window (Appendix H).   

Second Life experiment. Second Life is an online virtual world developed by Linden 

Lab (USA) that allows its users to interact with each other through avatars they create. Within 
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the Second Life interface, individuals can utilize their avatars to explore their virtual 

surroundings, socialize with other participants in all manner of activities, and even create and 

trade virtual property and services with one another (Rymaszewski, 2007). Many institutions 

use Second Life as a platform for scientific research, collaboration, and data visualization 

because of its unique features (Bainbridge, 2007). 

There were three main reasons Second Life was selected to employ a virtual lab 

setting to conduct this dissertation study. First, on-campus recruitment allowed only a limited 

sample size, and a larger one was necessary to ensure meaningful results. Second, the virtual 

lab helped confirm that study results were consistent among different electronic settings. 

Third, it was necessary to recruit a wider variety of participants in addition to college 

students, so as to sufficiently increase the generalizability of the study results. 

Through Market Truths Limited, which the Second Life agency utilized to help recruit 

qualified participants, all recruited participants received the address of the welcome room in 

advance. Participants received a greeting from the experimenter in the welcome room before 

moving their avatar to their assigned Skylab, where they received experimental instructions 

and performed the brainstorming task (Appendix E).  

 Participants were randomly assigned to different experimental conditions, in the same 

manner as the on-campus experiment. In the nominal group condition, each participant was 

placed in an individual Skylab where they could not see or interact with other group member 

avatars during brainstorming. Each member of the nominal group shared one private chat 

window through which they submitted ideas solely to the experimenter. In the interactive 

group condition, each group was assigned together to one Skylab. The group brainstorming 

conversation was conducted in a public chat window that included all group members and the 
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experimenter. In the control condition, participants worked without visual stimuli in a Skylab 

that was empty apart from a virtual table and chat window. 

In groups provided visual stimuli, participants were directed to sit in front of the 

public screen on which the assigned image set was presented in a loop while they 

brainstormed (see Figure 6). Similar to the on-campus lab procedure, each image in each set 

was displayed 4 times for 5 seconds during the 15-minute brainstorming session, and there 

was no communication or feedback provided by the experimenter during the session. After 

the brainstorming session was terminated, a link to the Qualtrics survey described above was 

provided to each participant. After completing the questionnaire, each participant was 

debriefed by the experimenter in an individual chat window (Appendix H).    

The basic procedure in the Second Life lab was the same as that of the physical lab 

setting, but with three notable differences: 1) the informed consent form was sent and signed 

through the NoteCard feature of Second Life, 2) participants used their own avatar’s name 

instead of an assigned screen name, and 3) interactive group members were not separated by 

dividers in the lab room, but instead were able to view other avatars/group members. To 

minimize distraction, the participants were instructed to refrain from moving their avatars 

during the brainstorming session. 

Post-experiment questionnaire. Although not hypothesized in the study, as a starting 

point to understand how participants in group brainstorming tasks perceive their own 

performance and other factors inherent to group work, participants’ performance perception 

rating were collected through a questionnaire after the termination of the brainstorming 

session. The questionnaire contained a total of 20 perception-related questions, one idea recall 

question, and 5 demographic-related questions (Appendix G). All the questions were 
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constructed on a 5-point Likert scale, except the recall question and demographic-related 

questions. On the Likert scale, a “5” represents the most positive rating in response to the 

question, and a “1” the most negative rating. To ensure the participants were kept unaware of 

the purpose of this study before the debriefing, the questionnaires presented to nominal group 

participants did not contain any questions related to group performance or group satisfaction. 

For the same reason, the questionnaire presented to participants in the control group contained 

no questions related to visual stimuli.   

Coding and Reliability 

Coders. Two undergraduate students from the psychology department at Cornell 

University, who were blind to both the sources of the ideas and the research hypotheses of this 

study, were given approximately five hours of training in counting ideas, defining idea 

categories, and coding idea category shifts in group conversations.  

Nominal group data. To create nominal group data within the file, the data from 

participants randomly assigned to nominal conditions were grouped and collated together. 

Forming categories. For the purposes of the laboratory experiment data analysis, idea 

categories were formed by the following method. The experimenter provided the two coders 

with the category list recorded during the student retention seminar, where the brainstorming 

question used in this present study was originally adopted from. The coders were each asked 

to work through the transcripts in a different order, then instructed to determine a final 

category list. The coders then compared their results and resolved any differences. After 

several rounds of discussion and reconciliation between the two coders, they reached a 

consensus of 14 idea categories most frequently generated among all of the transcripts 

collected in this study (Appendix I for category list). 
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Coding. Idea quality, as mentioned above, was defined in this study as the originality 

of ideas generated during brainstorming. In coding the total number of non-redundant ideas, 

for both nominal groups and interactive groups, any ideas repeated by another participant in 

the same group were discarded. The two coders coded each idea produced in the transcript as 

belonging to one of the 14 idea categories defined prior to the coding process. If any 

submitted entry contained more than one idea, it was divided and categorized appropriately. 

For example, “better communication between administration and students, and have better 

sports teams to allow the community to cheer together” was coded as two ideas belonging to 

the categories, “School Communication” and “Campus Programming”, respectively.  

Reliability. An interrater reliability analysis based on the Cohen’s Kappa statistic was 

performed to determine consistency between the two coders. The Cohen’s Kappa for the 

raters was κ =.82, .86, and .72, for idea quantity, number of idea categories, and number of 

idea category shifts, respectively. The 70 total group transcripts were divided into 5 stacks, 

and after completing the coding of one file, the two coders reconciled the coded transcripts 

before coding the next file. The reconciled data were then utilized for comparative data 

analysis. 
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CHAPTER FOUR: RESULTS 

To test the proposed hypotheses, an analysis of variance (ANOVA) was conducted on 

the dependent variables (quantity, category diversity, inter-category fluency, number of 

category shifts) with visual stimulation conditions (control, homogeneous visual, 

heterogeneous visual), group type (nominal group, interactive group), and lab setting (on-

campus lab, visual lab) as between subject factors. Given the small final sample size for each 

condition, the effect sizes were estimated using the omega squared method to provide a 

relatively unbiased estimate of the variance, explained by the predicted factor from the F-test. 

Using Kirk’s (1996) effect size criteria, the power for a large effect size in the present study 

was .14, .06 for medium effect size, and .01 for a small effect size. Table 2 presents the mean 

and standard deviation of all dependent variables for the experimental conditions in both lab 

settings.  

The Effect of Lab Settings 

The first analysis tested the effects of lab setting on the measured dependent variables. 

Although not hypothesized explicitly, it should be noted that lab setting had a significant main 

effect on the number of ideas produced, F(1, 65) = 8.61, p =.005, ω2 = .084, and number of 

idea categories generated, F(1, 65) = 11.24, p = .001, ω2 = .038, and marginal effect on inter-

category fluency, F(1, 65) = 3.37, p = .071, ω2 = .032. Post-hoc Bonferroni analysis indicated 

that experimental groups in the on-campus lab performed better than those in the virtual lab as 

far as number of ideas produced (Mphysical-lab = 45.08, SE = 3.45, M2nd life = 32.37, SE = 3.32, p 

= .003), idea categories generated (Mphysical-lab = 9.10, SE = .30; M2nd life = 7.88, SE = .29, p 

= .001) and inter-category fluency (Mphysical-lab = 4.78, SE = .29; M2nd Life = 4.09, SE = .28, p 

= .05). There were no interaction effects among lab setting, group type or visual stimulation 
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conditions, all F ≤ .097, p ≥ .40, ω2 ≤ .01. Therefore, lab setting was retained as a control 

factor during subsequent hypothesis analyses.   

Comparison between Nominal and Interactive Groups  

 Hypothesis 1 predicted that nominal groups would outperform interactive groups in 

conditions with or without visual stimuli. ANOVA results showed that group type 

significantly affected the measured dependent variables in the direction predicted by the 

hypothesis: compared to interactive groups, nominal groups produced more ideas, F(1, 65) = 

16.05, p < .01, ω2 = .18, generated more idea categories, F(1, 65) = 9.74, p = .003, ω2 =.16, 

and had higher inter-category fluency, F(1, 65) = 10.77, p =.002, ω2 = .13. The post-hoc 

Bonferroni analysis further confirmed that nominal groups performed much better on the 

measured dependent variables than the interactive groups, all p ≤ .034. Hypothesis 1, 

therefore, was supported.  

Comparison between Homogeneous and Heterogeneous Visuals 

 Hypothesis 2 predicted that groups in homogeneous visual stimulation conditions 

would produce more ideas than those in heterogeneous or control conditions. The ANOVA 

analysis found no significant effects of visual stimuli type on the number of ideas produced, 

F(2, 65) = 2.27, p = .112, ω2 = .041. Pairwise comparison using Bonferroni adjustment 

revealed that groups provided heterogeneous visual stimuli produced significantly more ideas 

than those who were not provided visual stimuli (Mhetero = 47.16, SE = 4.53; Mcontrol = 34.39, 

SE = 3.05, p = .045), but the idea quantity did not differ significantly between homogeneous 

visual stimuli groups (Mhomo = 39.13, SE = 4.43) and heterogeneous visual stimuli groups (p 

= .32). These results offered no support for Hypothesis 2.  
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Hypothesis 3 predicted that heterogeneous stimuli groups would generate more idea 

categories than homogeneous stimuli or control groups. Results showed that visual stimuli 

type had a significant main effect on the number of idea categories generated, F(2, 65) = 3.76, 

p = .029, ω2 = .075. As predicted, the pairwise comparison indicated that groups provided 

heterogeneous stimuli expressed more diverse ideas (Mhetero = 9.33, SE = .37) than those given 

homogeneous stimuli (Mhomo = 8.42, SE =.36) or no stimuli (Mcontrol = 8.13, SE = .38). The 

mean between heterogeneous and control conditions was significant (p = .033), but did not 

significantly differ between heterogeneous and homogenous stimuli groups (p = .14); so, 

Hypothesis 3 received only partial support.     

 Hypothesis 4 was tested by measuring whether exposure to homogeneous visual 

stimuli enhanced inter-category fluency compared to heterogeneous stimuli. The results 

showed that the groups did not, in fact, differ significantly in inter-category fluency, F(2, 65) 

= .94, p > .05, ω2 < .001. The direction of the means indicated that heterogeneous stimuli 

groups had higher inter-category fluency (Mhetero = 4.85, SE = .37) than homogeneous stimuli 

(Mhomo = 4.59, SE = .36) or no visual stimuli groups (Mcontrol = 4.19, SE = .25), but the 

pairwise comparison of the differences between groups were not significant, all p ≥ .35. Thus, 

Hypothesis 4 was not supported.  

 Hypothesis 5 posited that interactive groups exposed to heterogeneous visual stimuli 

would show a higher rate of idea category shifts than those in homogeneous stimuli or control 

conditions. Results showed that the impact of visual type on idea category shifts was 

marginally significant, F(2, 30) = 2.73, p = .081, ω2 = .095. The direction of the means 

indicated that interactive groups exposed to heterogeneous stimuli had a relatively higher rate 

of idea category shifts (Mhetero = 20.70, SE = 2.24) than groups exposed to homogenous stimuli 
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(Mhomo = 19.33, SE = 2.05) or no visual stimuli groups (Mcontrol = 15.00, SE = 2.55), but 

pairwise comparison only showed marginally higher category shift rate for heterogeneous 

visual groups over control groups (p = .081), and no significant difference between 

heterogeneous and homogenous groups (p > .15). Thus, Hypothesis 5 had only limited 

support.   

Post-Experiment Questionnaire Results  

Although not hypothesized in the main body of this manuscript, the author would like 

to conduct an initial analysis of the post-experiment questionnaires that were given to study 

participants in effort to understand how individuals perceived their individual and group 

performance when assigned to different experimental conditions. ANOVA analyses of self-

reported performance ratings and overall individual and group performance during the 

experiment presented some interesting trends worth exploring in future research projects.  

 In terms of performance perception according to different group types, participants 

assigned to interactive groups had higher satisfaction level with the quantity of ideas they 

produced (Minteractive = 3.29, SD =. 61; Mnominal = 3.17, SD = .61), F(1, 208) = 2.21, p = .14, 

higher satisfaction with their creativity (Minteractive = 3.30, SD = .67; Mnominal = 3.06, SD = .62),  

F(1, 208) = 7.24, p < .08, and higher satisfaction with their overall individual performance 

(Minteractive = 3.61, SD = .85; Mnominal = 3.46, SD = .85), F(1,208) = 1.54, p = .21, than those in 

nominal groups.   

Participants in groups given visual stimuli also tended to perceive their own 

performance generally better than control groups; they were more satisfied with the number of 

ideas they produced (Mvisual = 3.34, SD = .60; Mcontrol = 3.00, SD = .62), F(1, 208) = 14.76, p 

< .05, and with their overall individual performance (Mvisual = 3.64, SD = .86; Mcontrol = 3.32, 
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SD = .78), F(1, 208) = 6.77, p < .05 (Table 3). However, the participants given visual stimuli 

were less satisfied with the creativity of ideas they produced (Mvisual = 3.14, SD = .66; Mcontrol 

= 3.26, SD = .63) than those in control groups, F(1, 208) = 1.54, p = .22.  

 Interactive group participants given visual stimuli tended to be more satisfied than 

interactive groups given no stimuli in terms of overall group performance. They reported 

higher satisfaction with the number of ideas their group produced (Mvisual = 3.48, SD = .70; 

Mcontrol = 1.58, SD = .92), F(1, 100) = 136.3, p < .05, however, they were less satisfied with 

the creativity of the ideas their group produced (Mvisual = 3.35, SD = .70; Mcontrol = 3.64, SD = 

.65), F(1, 100) = 3.93, p = .050, than those given no visual stimuli. Participants assigned to 

nominal groups had no access to their group members’ ideas during the task session, so they 

were not asked to rate their perceptions of group performance. 

  



 

56 

 

CHAPTER FIVE: DISCUSSION 

The primary objectives of this dissertation study were to examine whether or not 

nominal groups outperform interactive groups after being exposed to different external visual 

stimulation, and to build a better understanding of how task-relevant and homogenous versus 

task-irrelevant and heterogeneous visual stimulation affects brainstorming performance and 

idea category shift during brainstorming in interactive groups. Although the results of this 

study may be limited as far as general applicability (due to design deficiencies and small 

sample size for each experimental condition), the observations do provide academic and 

practical value as far as helping future researchers and practitioners to understand the effects 

of visual stimuli on both nominal and interactive discussion groups.   

Performance in Online Versus Offline Lab Setting 

 It is worth mentioning that the present study offers a unique approach to conducting an 

experiment in both a physical lab and an online virtual lab simultaneously. Virtual lab 

participants completed the experiment using the Second Life platform in a virtual setting 

carefully constructed to mirror the offline physical laboratory. Interestingly, the results 

showed that groups in the physical lab setting consistently outperformed better than their 

online lab counterparts, regardless of group type or visual stimulation conditions. 

 There are a number of possible explanations for this. First, student participants 

recruited for the offline lab setting tended to be more familiar with the given brainstorming 

task than the Second Life participants, who came from a broader demographic background. 

Although the university retention topic requires no special expertise or knowledge to generate 

ideas, the student sample had had more opportunities to encounter and discuss the topic 

during everyday life; whereas Second Life participants, who varied more in age, occupation, 
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and countries, may have needed extra time to recall their college experience or to understand 

and define “university retention” within the context of their own home country’s school 

system. As previous researchers, Heine and Norenzayan, put it, different groups of people live 

in “different ecological niches”, which may evoke different ways of solving the same basic 

problem (2006). Said difference may have caused underlying cognitive mechanisms to be 

processed and expressed differently by different participants during our experiment. And, it 

would be especially difficult to compare a specific student sample with a more broad 

population sample.  

 Second, the student sample tended to be more familiar with the working pace of a lab 

setting and the overall lab environment than the Second Life sample. Virtual worlds enable 

groups to engage in more complex interactions and collaborate in real-time in an immersive 

3-dimensional environment, which differs, of course, from a lab setting in many important 

ways. The experimenter asked Second Life participants to complete the experiment in a 

Skylab constructed to mirror the offline physical lab, which restrained the movement and 

activities that the virtual lab participants typically engage in with their avatars as they 

navigate Second Life. Lack of familiarity with these conditions may have introduced 

discomfort and reduced the level of attention to the visual stimuli and the task for virtual 

participants – in other words, the restrictive online lab environment may have restricted the 

creative ability of online participants, to some extent.   

 Third, the general motivation for participating in the study differed between the two 

samples. The student sample was more accustomed to taking part in on-campus experiments, 

and stayed more task-oriented during the brainstorming task; the Second Life sample 

consisted of users who typically enjoy Second Life recreationally. This difference in 
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motivational orientation may have affected the participants’ interpretation of the visual stimuli 

they were exposed to, as well as their sensitivity toward the given task (McLeod, et al., 2014; 

Tett & Burnett, 2003).  

 In addition to the shortcomings described above, there were two experimental 

manipulations that presented significant practical challenges in the Second Life lab setting. As 

described in the Method section, participants in the Second Life lab performed the experiment 

in their avatars, which were visible to other participants throughout the whole session. There 

was no manipulation or control of participant avatars, so different avatar forms may have 

functioned as another source of visual stimuli that influenced the results of the experiment. In 

addition, through the experimenter instructed participants not to engage in any other activities 

during the experiment, it is still possible that they were distracted by their real-world 

surroundings while participating in the study. 

 In a previous study, Blohm et al. (2011) showed that user collaboration on web-based 

platforms has the potential to radically improve idea quality. Online platforms, including 

virtual interfaces, are nowadays quite commonly used in both academic research fields and in 

many real-world applications. Due to time and economical efficiency, an increasing number 

of institutions, companies, and organizations have adopted online platform for lectures, 

collaborative work projects, and daily communication, gradually replacing traditional, offline 

practices with online versions. To this effect, understanding the influence of the online 

platform on task performance has become an increasingly important research area in the field 

of communication. The results of the present study suggest that future research remains 

necessary to examine the factors in web-based platforms that contribute to brainstorming 

performance through measuring different aspects of idea quality, and the factors that best 
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access the potential of virtual communities to allow brainstorming groups to deliver desirable 

results.  

More specifically, the author’s recommendations for future research as follows: 1) that 

more attention be paid to the task selection, as the given task should be fairly familiar to all 

participants and require no specific prior knowledge or experience; 2) that comparison be 

made between the effects of an online versus offline platform on the same sample or on 

different targeted samples, while avoiding sample comparison between any specific 

population and the general population; and 3) that certain factors be carefully manipulated, to 

test the impact of various factors ( external stimuli exposure, movement/space restrictions, 

etc.,) on the performance output.   

General Discussion  

 Although the practice of group brainstorming has been widely researched in various 

fields and is also commonly practiced daily by organizations throughout the world, there is 

limited research on the impact of visual stimulation on brainstorming performance in different 

types of groups. The present study examines the brainstorming process in context of the 

search for ideas in the brainstormer’s associative memory using the SIAM model (Nijstad & 

Stroebe, 2002), and investigates the effects of visual stimulation on group brainstorming 

performance. In addition to comparing overall brainstorming performance between nominal 

and interactive groups, this study focuses on the manner in which homogeneous or 

heterogeneous visuals affect the breadth and depth of idea generation (again, according to the 

SIAM model,) and topic switching frequency during group discussion. The study further 

explores participant-reported perception of individual performance and group performance 

under various experimental conditions.  
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 The present study offers two major theoretical contributions to understanding the 

impact of visual stimulation on group brainstorming. First, this experiment is the pioneer 

study in the communication field to compare brainstorming performance between nominal 

and interactive groups using two sets of semantically disparate visual stimuli. In accordance 

with previous group brainstorming studies, results reveal that nominal groups consistently 

outperformed interactive groups when exposed to various visual stimuli, as well as under 

control conditions (no stimuli provided). Second, this study successfully replicated the 

empirical operationalization of different visual stimuli sets used in Guo and McLeod’s study 

(2014) to test the basic propositions of the SIAM model in both nominal and interactive group 

contexts. After testing semantically homogeneous and heterogeneous visual stimuli on both 

group types, results showed that receiving visual stimuli improves brainstorming performance 

for nominal/interactive group members compared to those in control conditions under time 

pressure. Although the present study was limited somewhat by the experimental design and 

by the performance measures adopted, these findings provide additional support for the 

central predictions of the SIAM model, asserting that receiving external stimuli to some 

extent activates less-accessible semantic domains stored in the associative memory network 

and triggers task-related knowledge quickly.  

 In addition to these two contributions, the present study also gathered information 

regarding the perceived brainstorming performance reported by participants assigned to 

various group types and experimental conditions. The results suggest that individuals feel 

more satisfied when they work with others, but feel less creative when visual stimuli is 

provided. While these findings offer some support to previous studies on the mediating effect 

of psychological processes shaped by personal dispositions and contextual factors, they also 
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imply that empirical research is yet needed to understand situation-specific predictors that 

may more directly affect individual and group creativity.  

Replicating Group Comparison in Visual Stimulation Conditions 

 The primary goal of the present study was to compare the brainstorming performance 

of nominal and interactive groups under different visual stimulation conditions. The study was 

designed based on the SIAM model, according to which the search process, i.e., generating 

ideas from the associate memory network, can be actively initiated by receiving external 

stimuli. Ideas shared by others are often empirically tested as external stimulation received by 

group members. Although ideas shared by others in an interactive group can activate less-

accessible semantic domains in a brainstormer’s associative memory network, which 

increases the potential to generate novel ideas, previous studies have shown that small 

nominal groups usually outperform interactive groups due to lower cognitive and social 

interference among group members (DeRosa et al., 2007; Paulus & Brown, 2007).  

 In accordance with previous studies, all nominal groups (both in visual stimulation and 

the control condition) in the present study generated more ideas, expressed more idea 

categories, and had higher inter-category fluency than interactive groups. Results also showed 

that nominal groups delivered better measureable brainstorming performance results in both 

the physical and Second Life virtual labs.  

 Limitations and future research. While these findings provide additional support for 

the advantages inherent to nominal group structure when group size is relatively small, they 

were not reached without limitations. First, the sample size was relatively small in each 

experimental condition – there were only five to six groups tested in each cell. If future 



 

62 

 

research replicates this study, at least 12 groups should be tested in each condition to increase 

the reliability of the results. 

 In this experiment, we did not examine the quality of ideas (unique vs. common ideas) 

in detail when they came from the same idea category. Notably, Wittenbaum and Park (2001) 

found that common information in groups is more likely than unique information to be 

discussed, remembered, and repeated. In comparison with task-relevant and homogeneous 

stimuli, task-irrelevant and heterogeneous stimuli in nature are relatively unique to 

participants. The benefits of exposure to these different visual stimuli would be better 

examined and elucidated by separating and examining the common or unique ideas generated 

in nominal and interactive groups – to achieve this would take several experiments with 

various manipulations and measures.  

 The present experiment tested all experimental conditions through electronic media, as 

opposed to face-to-face administration. Previous scholars have suggested that certain social 

and cognitive variables, such as the tendency to be blocked by others, fluency, and flexibility, 

are difficult to manipulate or fix at known levels in a face-to-face setting. However, it is 

important to note that although nominal and interactive groups performed better with visual 

stimuli than without, there was insufficient evidence to support the idea that visual stimuli can 

fully offset the cognitive and social interference inherent to interactive groups. Future 

researchers may be interested in replicating this experiment for face-to-face brainstorming 

groups in comparison with electronic groups to examine whether or not visual stimuli impacts 

other dimensions of individual cognitive thinking processes and group interactions.  

 To better understand the relative influence of visual stimuli on nominal and interactive 

groups, future experiments might also test a wider variety of group contexts. In this 



 

63 

 

experiment, participants were not pre-selected, but were randomly assigned to either nominal 

or interactive groups. In a brainstorming group experiment conducted by Larey and Paulus 

(1999), high-preference interactive groups generated significantly more ideas than a low-

preference interactive groups; future research could examine how visual stimuli affects the 

brainstorming performance of high-preference groups versus low-preference groups to better 

understand how to best use visual stimulation on different groups.  

Effects of Semantically Disparate Visuals 

 The SIAM model suggests two strategies for assisting brainstormers to generate novel 

and unconventional ideas. The first is to increase the breadth of ideas generated by stimulating 

diverse idea categories, and the second is to increase the depth of ideas by stimulating 

semantically relevant, homogeneous categories. To test the effectiveness of these two 

strategies, the present study operationalized task-relevant and semantically homogeneous 

visual stimuli as well as task-irrelevant and heterogeneous visual stimuli with the 

brainstorming groups tested.  

 As hypothesized, and as consistent with previous study conducted by Nijstad et al. 

(2002), results showed that groups exposed to heterogeneous stimuli generated relatively 

more idea categories. There was also some evidence of a prediction made by Paulus and 

Brown (2007) that low-relevance idea categories further prime less-accessible categories, 

which in turn increases the quantity of ideas; in consistent with Paulus and Brown’s study 

(2007), the findings of this experiment showed that stimulation with heterogeneous topic led 

to relatively higher productivity than stimulation with homogeneous topics.  There was no 

major difference observed in inter-category fluency between homogeneous and heterogeneous 

conditions across nominal and interactive groups.  
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 The results of this study suggest that task-irrelevant and heterogeneous stimuli, 

compared to task-relevant and homogeneous stimuli, more effectively increases the breath of 

idea generation and thus increases the amount of ideas generated within newly accessed idea 

categories. Our findings also support Guo and McLeod’s results (2014), where homogenous 

stimuli underperformed heterogeneous stimuli on individual brainstorming performance – the 

present study further extended this observation into an interactive group context.  

 The assertion of the SIAM model that task-relevant, homogenous visual stimulation 

increases the depth of ideas generated during brainstorming was explored in this study from a 

new perspective by testing two different types of group. The author hypothesized that 

exposure to homogeneous stimuli restrains the active search process and impedes the 

brainstormer from generating unique ideas in his or her associative memory network – due to 

the task-relevance factor, however, exposure to homogeneous stimuli can increase 

participants’ self-consciousness during the brainstorming process, causing them to spend 

more time focusing on “hints” delivered in the stimuli than they spend generating ideas. The 

results of this study are certainly an indication that the impact of different visual types on 

creativity is a worthwhile area to explore.  

 In addition to examining the effects of visual stimuli on brainstorming performance, 

this study also investigated whether or not different visual stimuli sets affected topic 

switching during the group brainstorming process. Interactive groups provided visual stimuli 

tended to switch idea topics more often during brainstorming than groups given no stimuli, 

and, unexpectedly, heterogeneous stimuli did not trigger many more topic switches during 

brainstorming than homogeneous stimuli. it is possible that visual stimuli initiates an 

unconscious search process that causes ideas to be generated either from the conventional 
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thinking path or less-accessible semantic domains at the individual cognitive level, but with 

only a marginal impact on group discussion or group brainstorming. Future research should 

further investigate whether specific visual stimulus types affect group discussion dynamics.  

 The present study, together with previous research (Guo & McLeod, 2014), builds a 

more comprehensive understanding of the SIAM model’s main assumptions regarding the use 

of visual stimuli to increase brainstorming productivity. The results of this study provide 

some empirical evidences of the impact of heterogeneous stimuli on idea quantity and 

category diversity in nominal and interactive group contexts. 

 Limitations and future research. The findings discussed above are encouraging, and 

also highlight the need for future research; that said, several limitations on the present study 

do need to be addressed.  

Rietzschel et al. (2007) found that stimulating brainstomers with a textual, 

homogeneous sub-category topic led to increased productivity within the primed category, but 

fewer ideas generated in other categories. The present study showed that homogeneous 

stimuli groups had higher productivity compared to control groups, but that homogeneous 

stimulation did not induce participants to produce more ideas or have higher inter-category 

fluency. In addition to the differences inherent to visual stimuli compared to textual stimuli, 

one possible explanation for this difference is that the homogeneous stimuli adopted in 

Rietzschel et al’s study (2007) was relevant to one pre-selected, specific sub-category of the 

given task, which the present study did not include in the original experimental design; the 

homogeneous stimuli used in our experiment tended to prime different sub-categories of the 

given topic. Rietzschel et al. (2007) found that when participants were primed with 

stimulation for different sub-categories, the effects of their manipulation on the relative 



 

66 

 

production of ideas within the primed category largely disappeared. It is likely that consistent, 

homogeneous stimuli relevant to one specific category of a topic triggers a cluster of nodes in 

the associative memory network, which assists the brainstomer as he or she thinks deeply 

about that specific category; whereas inconsistent, homogeneous stimuli relevant to all 

aspects of the topic might have adverse effect on in-depth idea generation, initiating different 

node clusters at once and creating difficulty concentrating on any of the categories.  

According to previous research and the results of this experiment, heterogeneous 

stimuli can increase the breadth of attentional focus and, induce brainstormers to think more 

broadly and generate ideas from more categories compared to general, homogeneous stimuli, 

which primes different sub-categories within time limit. In other words, in comparison to 

task-relevant and heterogeneous stimuli (which induces more unconscious, unique and novel 

thought directions), general, homogenous stimuli relevant to a wide assortment of aspects of 

the topic might encourage more conscious focus on the stimuli, as brainstomers attempt to 

connect the exposed images to the given task. This might explain the results shown in this 

study that task-relevant, homogenous stimuli adopted did not lead to higher productivity in 

general in comparison to task-irrelevant, heterogeneous stimuli.  

Before any solid conclusion can be drawn regarding the effects of homogeneous and 

heterogeneous stimulation on group brainstorming, further experiments on an additional 

homogeneous, sub-category stimulus condition should be run to better examine the main 

assumptions stated in the SIAM model. Additionally, as mentioned previously, the small 

sample size used in this study was an important limitation – future research should recruit and 

test a number of groups in each experimental condition to establish more reliable conclusions 

on the effects among different sets of stimuli.  
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 The image selection process was another important limitation of this study. For our 

experiments, images containing only real-world, non-abstract scenes were selected for both 

homogeneous and heterogeneous image sets. Abstract images, however, can be also defined 

as “diverse and heterogeneous” stimuli. Future studies should investigate the effects of 

abstract visual stimuli on brainstorming performance. In addition, the source of the visual 

stimuli was pre-selected by the experimenters, and the experimental setup made the 

participants aware of that the visuals were provided by the experimenter and not by other 

participants or their group members, suggesting that participants may have intentionally 

attempted to build a connection for each image to the given task to appease the purpose of the 

experiment, which was not the intention of this study. Stimuli might carry more weight if 

generated through group discussion. Also, in real-world group brainstorming, it is more 

common for participants throw out ideas randomly instead of through a pre-setup system – to 

this effect, the artificial setup in this study may have hindered the visual stimuli from fully 

affecting the participants’ brainstorming performance. Future research could adopt online 

software that enables the chat medium to generate images based on key messages provided in 

group discussion. 

 In addition, the images in this study were presented in only one fixed order. As 

suggested by Messaris (1997), the order in which a set of pictures is shown can convey a story 

to the audience, and thus influence how the viewers process the information. Thus, the 

repeated image set in the study could potentially had led participants unconsciously to create 

their own storyline, or attempt to determine if the order of the images was purposeful on the 

part of the experiment and then comply with the assumed intentions. To address this potential 
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issue, future studies should counterbalance the order of the images to different stimuli sets and 

re-design the experimental conditions accordingly. 

 Compared to “mood board”, another form of visual stimulation where designers 

usually are exposed to all the image stimuli in one display and take several days to complete 

between inspiration, image-gathering, and idea construction, participants in this experiment 

were exposed to 45 images for four times each during the entire session, which lasted 15 

minutes in total. Future studies could compare any differences in performance between 

sequential visual exposure and exposure several visual stimuli on one display (such as a mood 

board).   

Performance Perception and Mediated Psychological Process 

 The present study also explored the way that participants’ self-reported performance 

reflects the mediated psychological process, e.g., creative self-efficacy and creativity intention 

(Beghetto, 2006), which is potentially shaped by personal dispositions and contextual factors 

(situation-specific factors and social factors). Although the interactive groups delivered less 

desirable brainstorming outcomes than nominal groups, the results of their performance 

perception survey showed that those in interactive groups tended to be more satisfied with the 

quantity of ideas they produced, the creativity of their ideas, and their overall individual 

performance. Further, participants given visual stimuli were more satisfied with their idea 

quantity, individual performance, and overall group performance, but less satisfied with 

individual and overall group creativity level than those in the control groups.  

 Intrinsic characteristics such as motivation, personality, and ability are more fairly 

dispositions which set the overall inclination for an individual to be creative. The results of 

the self-perceived performance survey suggest that individuals placed in an environment that 
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included both interaction with others and external stimulation tended to feel more confident in 

their own creativity, through interactive groups did not actually perform better than nominal 

groups on the brainstorming task. These results seem consistent with psychological process 

mediation assumptions made in a study conducted by Choi (2014), who stated that “personal 

dispositions tend to determine the overall likelihood of a person’s being creative across 

situations” (p. 190), and that “… a person’s creative self-efficacy and creativity intention 

[shaped by personal dispositions and contextual factors] in a given setting may constitute a 

more direct predictor of his or her creative performance in that setting” (p. 190).  

 In interactive groups, specifically, the collaborative atmosphere likely increases an 

individual’s perceived ease of performing the given task (i.e., creative self-efficacy), but at the 

same time decrease the effort that individual is willing to exert in a group setting due to social 

factors (Paulus et al., 1993), such as social loafing and free-riding. Mediated by stable 

personal dispositions and favorable social factors in their interactive group, these participants 

may have high creative self-efficacy that helps them perform well, but low creativity intention 

to contribute to the group during brainstorming session. This retrospective speculation is 

mostly based on the self-reported performance perception survey collected after the session 

was terminated, however, so it involves a few assumptions. Future research should examine 

more closely the ways in which personal disposition and contextual factors influence the 

creativity intention of group brainstormers.  

 Exposure to visual stimuli was shown in this study to have both positive and negative 

impact on participants’ self-reported level of satisfaction with their brainstorming 

performance. By providing additional tools to facilitate creativity and thought flow, visual 

stimuli seems to strengthen brainstormers’ confidence and increase their creative self-efficacy 
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to some extent; conversely, the presence of visual stimuli also made some participants feel 

less creative or less empowered if they felt that the stimuli were providing them answers as 

opposed to encouraging them to think critically. Future research should explore the theoretical 

possibility that the mediated psychological process, as shaped by personal disposition and 

contextual factors, can be applied to predicting actual performance.  

For the simple sake of reiteration: all the possible, unconfirmed explanations provided 

in this section need to be developed in greater detail and tested through future research.  

Conclusion  

 The present study is the first of its kind to provide a theoretical extension of the main 

propositions of the SIAM model by testing two types of visual stimulation on both nominal 

and interactive groups. Experiments were conducted in effort to better understand whether or 

not visual stimulation improves interactive group brainstorming performance compared to 

nominal groups, as well as how homogeneous and heterogeneous stimuli impact 

brainstorming performance differently. Compared to previous research, this study provides a 

more dynamic comparative analysis between nominal and interactive groups under various 

visual stimulation conditions, and builds on the SIAM model by extending a comparison of 

two group types (nominal vs. interactive) into a comparison between two sets of visual stimuli 

(homogeneous vs. heterogeneous) and between two different lab settings (physical vs. virtual). 

This study also proposes an interesting theoretical and empirical approach to exploring the 

performance predictability of mediated psychological process (creative self-efficacy and 

creative intention), and how it can be shaped by personal disposition and situation-specific 

contextual factors.  
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Due to limitations in the experimental design and methodology manipulation, the 

following two important factors that were not tested or fully examined need yet to be tested to 

ensure all results are valid: 1) the effect of specific sub-category, homogeneous stimuli versus 

the two types of visual stimuli tested in our experiment, and 2) the differences in 

brainstorming performance between the physical and virtual lab settings.   

Institutions worldwide have shown growing interest in using group brainstorming as a 

technique to engage the workforce and solve problems creatively and efficiently. That said, 

although the general assertions of this study remain limited until further research, the 

empirical contribution of this study to the SIAM model and comparative analysis of different 

types of brainstorming groups still provide practical insights. These results can indeed be 

integrated to improve the efficiency and creativity of brainstorming outcomes in real-world 

applications.  

First, nominal and interactive group techniques should be combined in practice – more 

specifically, nominal group brainstorming techniques should be adopted at the initial stages of 

problem-solving, as they can provide relatively broad approaches to a problem that does not 

require any immediate solution and are not affected or influenced by any group effect. 

Interactive groups are more effective at later stages for evaluating and further elaborating the 

ideas generated by nominal groups to make final decisions. 

Second, regardless of whether visual stimuli are homogeneous or heterogeneous in 

nature toward the task at hand, visual stimulation tends to further enhance creative thinking 

and facilitate idea flow. In the present study, random and diverse visuals inspired novel ideas 

during brainstorming more effectively than task-relevant and homogeneous visuals, though 

they were also shown to potentially more effective to activate less-accessible associated 
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memories in the brainstormers. Therefore, if the main purpose of brainstorming is to generate 

broad and unique ideas without any initial emphasis on feasibility, random and heterogeneous 

visual stimulation should be adopted. For example, to generate ideas for a new IT product 

package targeting trendsetters, instead of packaging design-related or industry-related images, 

the brainstorming organizer should provide visual stimuli such as wild animals, architecture, 

or curio images.   

In conclusion, this study presented findings that have both academic and practical 

significance, despite its limitations. This work provides a theoretical basis – in effect, a 

starting point upon which to continue exploring concepts in the existing theoretical model, 

improving the methodology, and establishing new experimental design in academic research, 

as well as serving as a guide for real-world practices through positing effective group 

brainstorming techniques.    
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Figure 1. Group Brainstorming Contribution Model, Chapter 2 
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Figure 2. Illustration of Divergent and Convergent Thinking Process, Chapter 2 

 

 

 

 

 

 

 

 

 

  

Dog 

Snoopy 

 
My own dog 

Once host a 

snoopy theme 

party with friends 

Snoopy stuffed 

animal collection 

Dog show 

 



 

87 

 

Figure 3. Search for Ideas in the Associative Memory Model, Chapter 2 
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Figure 4. Visual Reasoning Model, Chapter 2 
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Figure 5. Snapshot of Welcoming Lab Room, Chapter 3 
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Figure 6. Snapshot of Second Life Skylab (Visual Condition), Chapter 3 
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Table 1. Number of Randomly Assigned Groups in Each Experimental Condition, Chapter 3 

Note. Each group consisted of three participants. In total, there are210 participants 

participated the laboratory experiment.  
 

 

 

 

 

 

 

 

 

 

 

 

  

 On-Campus Virtual  

Condition/Type of Groups 
Nominal  

 

Interactive 

 

Nominal 

 

Interactive 

 

No stimuli (Control condition) 6 5 6 6 

Task-relevant and semantically  

homogenous stimuli condition 
6 6 6 6 

Task- irrelevant and 

semantically heterogeneous 

stimuli condition  

    

6 5 6 6 
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Table 2. Means and Standard Deviation for Variables of Interests Across All Study 

Conditions, Chapter 4 
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Table 3. Self-Rating Means and Standard Deviations for Variables of Interests by Group and 

Visual Condition, Chapter 4 

 

 

Perception on Individual Performance   

Quantity  Creativity  Individual Performance  

Nominal Group (n = 102) 3.17 (.63) 3.06 (.62) 3.46 (.85) 

Interactive Group (n = 108) 3.29 (.61) 3.30 (.67) 3.61(.85) 

No Visual (n = 69) 3.00 (.62) 3.26 (.63) 3.32 (.78) 

Visual Presence (n = 141) 3.34 (.60) 3.14 (.66) 3.64 (.86) 
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Appendix A 

Brainstorming Question for Phase I and Phase II Study  

Background 

A student who leaves college before graduating paid tuition that probably cannot be recovered 

solely through employment, because it has been proven that a person who lacks a college 

degree will generally earn less over his or her lifetime than a college graduate. In addition, 

there is a loss of tuition for the institution, and a loss of a major in some departments. Thus, 

retaining a student is fundamental to the ability of an institution to carry out its mission.  

The Brainstorming Question: 

Based upon the information that you have just received, please produce as many ideas as you 

can in 15 minutes about how universities can improve their student retention rates.  
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Appendix B 

Example of Pictures Used in both Phase I and Phase II  

1. Example of relevant and homogeneous pictures 
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2. Example of irrelevant and heterogeneous pictures 
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Appendix C 

Preliminary Survey Questions  

1. The images that appeared on the screen had a common theme.  

 

          

1        5 

Strongly  Disagree     Disagree  Neutral    Agree Strongly Agree  

2. Please rate the relevant level of the presented images to the given brainstorming task.  

 

          

1        5 

None             Very Little     Somewhat         Good       To a Great Extent  

3. Please rate the homogeneous level you think the images shown.  

 

          

1        5 

None        Very Little     Somewhat    Good   To a Great Extent  

4. Please rate the heterogeneous level you think the images shown.  

 

          

1        5 

None        Very Little     Somewhat    Good   To a Great Extent  

5. Please use a word, or a phrase that could describe or label what the images you saw have 

in common. Write “None” if you think the images did not have anything in common.  

 

6. Please go through the images one more time, and a) list all of the numbers of the images 

that you think do not relevant to the given brainstorming question, b) list all of the 
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numbers of the images most relevant to the given brainstorming question. Write “Not 

Applicable” if you do not think there was a theme.  

  



 

99 

 

Appendix D  

Cover Story and Chat Room Instructions Provided in Physical Lab Setting  

Cover Story  

First of all, thank you for signing up this experiment. My name is (Your Name), 

and I will be today’s experimenter for this study.  

In today’s experiment, we are studying how visual images can affect how you 

brainstorm and how you generate ideas. In order to assess this, we are going to ask 

you to do a brainstorming task either by yourself or in a group.  

Each of you is assigned to a computer, and the brainstorming task and other 

instructions will be delivered through the online chat room. Therefore, all your 

brainstorming activities and group discussion are taking place on the chat window 

provided on the desktop of the computer in front of you. To help us keep track of all 

your activities, all the discussions and ideas you generate should be carried out and 

typed electronically. Any questions? 

After the termination of the brainstorming session, you will also be asked to 

fill out a questionnaire about the experience you just had. The whole experiment 

shouldn’t take more than 30 minutes in total.  

The brainstorming session will be conducted through AIM chat. Is everyone 

familiar with this online Chat tool? (If not, provide some explanation: similar to MSN 

or Gchat) 

Are there any questions before starting the experiment?   

********** 

Chat Room Instructions  
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Nominal Group Condition  

 

In today’s experiment, you will be brainstorming by yourself.  

Please type a short greeting to test if the system is working. Thanks. 

Interactive Group Condition  

In today’s experiment, you will be working in a group. Please pay attention to ideas generated 

by your group during later brainstorming session, because you will be asked to recall the ideas 

toward the end of the experiment.  

Now, please type a short greeting to the group to test if the system is working. Thanks.  

*** *** *** *** *** 

Brainstorming Task  

The following is the background information about the brainstorming task you will be asked 

to do in today’s study: 

Background 

A student who leaves college before graduating paid tuition that probably cannot be recovered 

solely through employment, because it has been shown that person who lacks college degree 

generally will have diminished lifetime earnings (compared to college graduates). In addition, 

there is a loss of tuition for the institution, and a loss of a major in some departments. Thus, 

retaining a student is fundamental to the ability of an institution to carry out its mission.  

End of background information. Let me know when you’ve finished reading it.  

*** *** *** *** *** 

The Brainstorming Question: 
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How many ideas can you produce in 15 minutes about how universities can improve the 

student retention rate? 

Control Condition  

You will have 15 minutes to brainstorm. Please be sure to press the ENTER key after each 

idea.  

You can begin brainstorming now.  

Visual/Experimental Condition 

Before starting brainstorming, please click “PLAY” on the media window right beside the 

chat window. Please DON’T close or fast forward the slideshow during the brainstorming 

session.  

You don’t have to wait to the end of the slide show. Please continue brainstorming while the 

slideshow is playing. The video will play in a loop. Please let the experimenter know 

immediately if the slideshow doesn’t work.  

You will have 15 minutes to brainstorm. Please be sure to press the ENTER key after each 

idea.  

*** *** *** *** *** 

(After 15 Minutes) 

Please STOP brainstorming now, and do not touch your keyboards again. Please don’t close 

the chat window.  

*** *** *** *** *** 

Please follow this link to complete the post questionnaire.  

Please let the experimenter know when you complete the questionnaire 

Nominal & Control Condition: 
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https://cornell.qualtrics.com/SE/?SID=SV_5buiL87Kvf1XpuQ  

Nominal & Visual Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_eDxGtMepsVRjDSI 

Interactive & Control Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_5u87rhOGQJlXw2w 

Interactive & Visual Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_1A1Y6zuqS4V3i4Y 

*** *** *** *** *** 

This is the end of the experiment. Thank you very much for your participation. Your SUSAN 

credit will be updated by the end of day.  

 

https://cornell.qualtrics.com/SE/?SID=SV_5buiL87Kvf1XpuQ
https://cornell.qualtrics.com/SE/?SID=SV_eDxGtMepsVRjDSI
https://cornell.qualtrics.com/SE/?SID=SV_5u87rhOGQJlXw2w
https://cornell.qualtrics.com/SE/?SID=SV_1A1Y6zuqS4V3i4Y
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Appendix E 

Cover Story and Chat Room Instructions Provided in Second Life Lab Setting  

Cover Story  

First of all, thank you for signing up this experiment. My name is (Avatar’s Name), 

and I will be today’s experimenter for this study.  

In today’s experiment, we are studying how visual images can affect how you 

brainstorm and how you generate ideas. In order to assess this, we are going to ask you to do a 

brainstorming task either by yourself or in a group.  

To help us minimize the external factors that may have impact on and harm the 

experiment result and to generate most genetic responses, during the experiment time, we 

would like to ask you not to engage in other activities, such as replying IMs, opening another 

Internet Explorer window, doing Internet surfing, etc. Your cooperation is highly appreciated.  

After the termination of the brainstorming session, you will also be asked to fill out a 

questionnaire about the experience you just had. The whole experiment shouldn’t take more 

than 30 minutes in total.  

Now, please come with me. (Bring the participants to the front of the slideshow 

screen) 

In front of you, there is a slideshow display screen. During the brainstorming session, please 

pay attention to the screen while brainstorming and do not walk away to other areas in this 

skylab.   

*** *** *** 

Brainstorming Instruction 

Nominal Group Condition  
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In today’s experiment, you will be brainstorming by yourself.  

Interactive Group Condition  

In today’s experiment, you will be working in a group. Please pay attention to ideas generated 

by your group during the brainstorming session. You will be asked to recall the ideas toward 

the end of the experiment.  

*** *** *** *** *** 

Brainstorming Task  

The following is the background information about the brainstorming task you will be asked 

to do in today’s study: 

Background 

A student who leaves college before graduating paid tuition that probably cannot be recovered 

solely through employment, because it has been shown that person who lacks college degree 

generally will have diminished lifetime earnings (compared to college graduates). In addition, 

there is a loss of tuition for the institution, and a loss of a major in some departments. Thus, 

retaining a student is fundamental to the ability of an institution to carry out its mission.   

End of background information. Let me know when you’ve finished reading it.  

*** *** *** *** *** 

The Brainstorming Question: 

How many ideas can you produce in 15 minutes about how universities can improve the 

student retention rate? 

Control Condition  

You will have 15 minutes to brainstorm. Please type your ideas to the chat window and be 

sure to press the ENTER key after each idea.  
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You can begin brainstorming now.  

Visual/Experimental Condition 

You don’t have to wait to the end of the slide show. Please continue brainstorming while the 

slideshow is playing. The video will play in a loop.  

You will have 15 minutes to brainstorm. Please type your ideas to the chat window and be 

sure to press the ENTER key after each idea.  

*** *** *** *** *** 

 (After 15 Minutes) 

Please STOP brainstorming now, and do not touch your keyboards again.  

*** *** *** *** *** 

Please follow this link to complete the post-study questionnaire.  

The first question appeared on the questionnaire where it asks for your AIM screen name, 

please enter your Avatar’s Name.  

Please let the experimenter know when you complete the questionnaire 

Nominal & Control Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_5buiL87Kvf1XpuQ  

Nominal & Visual Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_eDxGtMepsVRjDSI 

Interactive & Control Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_5u87rhOGQJlXw2w 

Interactive & Visual Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_1A1Y6zuqS4V3i4Y 

*** *** *** *** *** 

https://cornell.qualtrics.com/SE/?SID=SV_5buiL87Kvf1XpuQ
https://cornell.qualtrics.com/SE/?SID=SV_eDxGtMepsVRjDSI
https://cornell.qualtrics.com/SE/?SID=SV_5u87rhOGQJlXw2w
https://cornell.qualtrics.com/SE/?SID=SV_1A1Y6zuqS4V3i4Y
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Once you finish the questionnaire, it is the end of the experiment. Thank you very much for 

your participation.  

*** *** *** *** *** 

Notecard Version  

First of all, thank you for signing up this experiment. My name is Emily Kas, the principal 

investigator of this study.  

The experiment will take place in one of our skylabs. Now, either me or my assistant RA will 

teleport you to the assigned skylab.  

(After teleporting to the skylab, send the Informed Consent Form) 

I just sent the Informed Consent Form to you. Please read through it and let me know if you 

have any questions. If you agree to participate this study, please fill your avatar's name and 

date at the bottom of the notecard, save it as Your Avatar's Name and send back to me.  

(After receiving the informed consent) 

My name is Emily Kas, and will be today's experimenter. In today's experiment, we are 

studying how you brainstorm and generate ideas. In order to assess this, we are going to ask 

you to do a brainstorming task by yourself / in a group.  

To help us minimize the external factors that may have impact on and harm the experiment 

result, during the experiment time, we would like to ask you not to engage in other activities, 

such as using IMs, exploring the area using camera scan, etc. Your cooperation is highly 

appreciated.  

After the termination of the brainstorming session, you will also be asked to fill out a 

questionnaire about the experience you just had.  

Control Condition 
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Please take a seat.  

Visual Condition  

Did you all see there is a big screen in the lab?  

Please come closer and find a spot where you can best see the screen. Feel free if you would 

like to sit on the chair.  

*** *** *** 

Nominal Group Condition  

In today’s experiment, you will be brainstorming by yourself.  

Any questions before getting started? 

Interactive Group Condition  

In today’s experiment, you will be working in a group. Please pay attention to ideas generated 

by your group during the brainstorming session. You will be asked to recall the ideas toward 

the end of the experiment.  

Any questions before getting started? 

*** *** *** *** *** 

Brainstorming Task  

The following is the background information about the brainstorming task you will be asked 

to do in today’s study: 

A student who leaves college before graduating paid tuition that probably cannot be recovered 

solely through employment, because it has been shown that person who lacks college degree 

generally will have diminished lifetime earnings (compared to college graduates). In addition, 

there is a loss of tuition for the institution, and a loss of a major in some departments. Thus, 

retaining a student is fundamental to the ability of an institution to carry out its mission.  
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End of background information. Let me know when you’ve finished reading it.  

*** *** *** *** *** 

The Brainstorming Question: 

How many ideas can you produce in 15 minutes about how universities can improve the 

student retention rate? 

Control Condition  

You will have 15 minutes to brainstorm. Please type your ideas to the chat window and be 

sure to press the ENTER key after each idea.  

You can begin brainstorming now.  

Visual/Experimental Condition 

You don’t have to wait to the end of the slide show. Please continue brainstorming while the 

slideshow is playing. The video will play in a loop.  

You will have 15 minutes to brainstorm. Please type your ideas to the chat window and be 

sure to press the ENTER key after each idea.  

*** *** *** *** *** 

 (After 15 Minutes) 

Please STOP brainstorming now, and do not touch your keyboards again.  

*** *** *** *** *** 

Please follow this link to complete the post-study questionnaire.  

The first question appeared on the questionnaire where it asks for your AIM screen name, 

please enter your Avatar’s Name.  

Please IM me when you complete the questionnaire. 

Nominal & Control Condition: 
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https://cornell.qualtrics.com/SE/?SID=SV_5buiL87Kvf1XpuQ 

Nominal & Visual Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_eDxGtMepsVRjDSI 

Interactive & Control Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_5u87rhOGQJlXw2w 

Interactive & Visual Condition: 

https://cornell.qualtrics.com/SE/?SID=SV_1A1Y6zuqS4V3i4Y 

*** *** *** *** *** 

Once you finish the questionnaire, it is the end of the experiment. Thank you very much for 

your participation. You will be receiving the agreed compensation paid directly from Market 

Truths, but in the meantime, please accept this gift from me as an additional token of my 

appreciation for your participation.  

 

 

 

 

 

https://cornell.qualtrics.com/SE/?SID=SV_5buiL87Kvf1XpuQ
https://cornell.qualtrics.com/SE/?SID=SV_eDxGtMepsVRjDSI
https://cornell.qualtrics.com/SE/?SID=SV_5u87rhOGQJlXw2w
https://cornell.qualtrics.com/SE/?SID=SV_1A1Y6zuqS4V3i4Y


 

110 

 

Appendix F 

Control Condition Post-experiment Survey  

Q1 Please indicate the AIM screen name that you have been assigned: 

_________________________________________________________ 

Q2 Please rate the following statement about the brainstorming session you just completed: 

a. What do you estimate to be the difference in the number of ideas you generated if you 

had done this task by yourself (interactive group condition) 

            

1        5   

Much    Less                The Same              More                 Much     

Less               More 

b. What do you estimate to be the difference in the number of ideas you generated if you 

had done this task in a group (nominal group condition)  

            

1        5  

Much    Less                The Same              More                 Much     

Less               More 

 

c. I would rate the quantity of ideas I generated  

 

            

1        5 

Much fewer Fewer than         Average    More than         Many more    

than average ideas average ideas        average ideas    than average ideas 

 

d. I would rate the quality of ideas I generated  

 

            

       1         5  

         Very low  Low quality        Average     High quality      Very high     

         quality                   quality 
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e. I would rate the creativity of ideas I generated  

 

            

     1         5 

        Very low       Low creativity       Average       High creativity        Very high                             

creativity             creativity 

 

f. How satisfied are you with your overall performance? 

 

            

1        5  

Very        Dissatisfied             Neutral              Satisfied        Very   

 dissatisfied       satisfied 

 

g. How much do you enjoy the brainstorming task? 

 

            

   1        5 

         Disliked  Disliked Neither liked Liked  Liked   

         Very much   slightly  nor disliked    slightly            very much 

 

h. Would you be able to generate more ideas if given additional time? 

 

            

      1        5 

      Definitely      Probably           Don’t Know Probably             Definitely 

     Would not     would not              would      would 

 

i. How self-conscious did you feel during the brainstorming session? 

 

            

     1        5   

      Not at all   A little bit             Moderately      Considerably      Very Strongly     

 

j. How worried did you feel during the brainstorming session? 

 

           

      1        5 

       Not at all     A little bit       Moderately         Considerably      Very Strongly    
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k. How comfortable did you feel during the brainstorming session? 

  

           

 1         5 

       Not at all      A little bit     Moderately         Considerably      Very Strongly   

  

l. How difficult was it to generate ideas while seeing others typing out their ideas? 

(interactive group condition) 

          

1          5 

Very Difficult      Difficult   Neutral                Easy                 Very Easy 

 

m. How much pressure did you feel to generate as many ideas as others did? (interactive 

group condition) 

           

 1        5 

  Not at all    A little bit         Moderately         Considerably      Very Strongly   

 

n. How concerned were you about what others thought of your own ideas? (interactive 

group condition) 

           

 1          5 

  Not at all      A little bit        Moderately         Considerably      Very Strongly   

  

o. How much did you find the presence of others to be distracting? (interactive group 

condition) 

           

 1         5 

  Not at all    A little bit       Moderately         Considerably      Very Strongly   

  

p. I would rate the quantity of ideas my group generated. (interactive group condition) 

 

            

 1        5 

     Much fewer          Fewer than         Average    More than         Many more     

than average ideas   average ideas        average ideas    than average ideas 
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q. I would rate the quality of ideas my group generated. (interactive group condition) 

 

            

  1        5 

       Very low    Low quality        Average              High quality      Very high   

       quality         quality 

 

r. I would rate the creativity of ideas my group generated. (interactive group condition) 

 

            

  1        5 

        Very low Low creativity       Average       High creativity        Very high                             

creativity         creativity 

 

s. How difficult was it to keep on generating ideas? 

 

          

1         5 

Very difficult      Difficult   Neutral                Easy               Very easy 

 

t. How often did an idea you previously generated occur to you again during this 

brainstorming? 

 

           

 1        5 

Never       Rarely               Sometimes             Often            Very Often 

 

 

Q3 In the box provided below, please list all the ideas you remember from the task session. 

(nominal group condition) 
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In the box provided below, please list all the ideas you remember either contributed by 

yourself or by others. (interactive group condition)   

 

 

 

 

 

Q4 Please indicate your gender:  

 

 Female     Male 

Q5 Please indicate your age: 

 

 Less than 18 

 18 to 29 

 30 to 39 

 40 to 49 

 50 or older 

Q6 Please indicate your major:  ______________________________________ 

 

Q7 Please indicate your ethnicity: 

 

 Caucasian 

 Native American 

 African/African-American  

 Hispanic or Latino 

 Asian 

 Other _______________________ 
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Appendix G 

Visual Stimulation Condition Post-experiment Survey  

Q1 Please indicate the AIM screen name that you have been assigned: 

_________________________________________________________ 

Q2 Please rate the following statement about the brainstorming session you just completed: 

a. What do you estimate to be the difference in the number of ideas you generated if you 

had done this task by yourself (interactive group condition) 

            

1        5 

Much  Less                The Same       More                 Much    

Less         More 

 

b. What do you estimate to be the difference in the number of ideas you generated if you 

had done this task in a group (nominal group condition)  

            

1        5 

Much             Less                The Same              More            Much     

Less        More 

 

c. I would rate the quantity of ideas I generated  

 

          

1                    5   

Much fewer  Fewer than         Average           More than         Many more        

than average ideas   average ideas        average ideas    than average ideas 

 

d. I would rate the quality of ideas I generated  

 

            

  1         5   

        Very low        Low quality        Average        High quality      Very high                             

quality                 quality 
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e. I would rate the creativity of ideas I generated  

 

            

  1        5 

        Very low Low creativity       Average       High creativity        Very high   

        creativity                 creativity 

 

f. How satisfied are you with your overall performance? 

 

            

1         5 

Very             Dissatisfied     Neutral              Satisfied          Very     

dissatisfied                satisfied 

 

g. How much do you enjoy the brainstorming task? 

 

            

 1        5 

         Disliked         Disliked     Neither liked          Liked               Liked   

         Very much      slightly      nor disliked            slightly         very much 

 

h. Would you be able to generate more ideas if given additional time? 

 

            

 1         5 

Definitely      Probably           Don’t Know Probably       Definitely               

Would not      would not    would  would 

 

i. How self-conscious did you feel during the brainstorming session? 

 

            

 1         5 

 Not at all      A little bit            Moderately    Considerably      Very Strongly     

 

j. How worried did you feel during the brainstorming session? 

 

           

 1        5 

Not at all     A little bit        Moderately         Considerably      Very Strongly    
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k. How comfortable did you feel during the brainstorming session?  

 

           

 1        5 

Not at all     A little bit      Moderately         Considerably      Very Strongly    

 

l. How difficult was it to generate ideas while seeing others typing out their ideas? 

(interactive group condition) 

          

1          5 

Very difficult      Difficult       Neutral          Easy                 Very easy 

m. How much pressure did you feel to generate as many ideas as others did? (interactive 

group condition) 

           

 1         5 

Not at all    A little bit       Moderately         Considerably      Very Strongly   

 

n. How concerned were you about what others thought of your own ideas? (interactive 

group condition) 

           

 1        5 

Not at all     A little bit        Moderately         Considerably      Very Strongly   

 

o. How much did you find the presence of others to be distracting? (interactive group 

condition) 

           

 1         5 

Not at all     A little bit       Moderately         Considerably      Very Strongly    

 

p. I would rate the quantity of ideas my group generated. (interactive group condition) 

 

          

1         5   

Much fewer  Fewer than         Average    More than         Many more     

than average ideas   average ideas       average ideas    than average ideas 
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q. I would rate the quality of ideas my group generated. (interactive group condition) 

 

            

  1        5 

Very low     Low quality        Average              High quality      Very high   

 quality         quality 

 

r. I would rate the creativity of ideas my group generated. (interactive group condition) 

 

            

  1        5 

 Very low    Low creativity       Average       High creativity        Very high  

creativity         creativity 

 

s. How difficult was it to keep on generating ideas? 

 

          

1        5 

Very difficult      Difficult     Neutral          Easy                 Very easy 

 

t. How often did an idea you previously generated occur to you again during this 

brainstorming?  

           

 1         5 

Never        Rarely               Sometimes     Often                 Very Often 

 

Q3 Please rate the following statement about the images you saw during the brainstorming 

session:  

a. The images presented on the screen had a common theme.  

 

           

1         5 

Strongly     Disagree            Neutral          Agree                 Strongly   

 Disagree                Agree 

 

b. The images presented on the screen were distracting to my brainstorming process.  

           

1        5 
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Strongly     Disagree            Neutral          Agree                 Strongly   

 Disagree       Agree 

c. The images presented on the screen were helpful for generating ideas.  

 

           

1        5 

Strongly    Disagree            Neutral          Agree                 Strongly   

 Disagree              Agree 

 

d. I think the images shown on the screen were useful for provoking creative ideas  

 

           

1        5 

Strongly    Disagree            Neutral           Agree                 Strongly   

 Disagree               Agree 

 

e. In general, the images presented were related to the given brainstorming task 

 

           

1        5 

Strongly      Disagree            Neutral          Agree                 Strongly   

 Disagree                Agree 

 

f. Some of the images reminded me of things I have seen before that helped me come up 

with ideas for this task. 

           

1        5 

Strongly      Disagree            Neutral         Agree                 Strongly   

 Disagree               Agree 

 

g. In general, I would rate the usefulness of the images presented for idea generation as  

 

          

1        5 

Very useless    Useless      Neutral              Useful                 Very Useful 

h. In general, I would rate the usefulness of the images presented for providing creativity 

as  

 

          

1        5 
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Very useless   Useless       Neutral              Useful              Very useful 

 

Q4 In the box provided below, please list all the ideas you remember from the task session. 

(nominal group condition) 

 

 

 

 

 

In the box provided below, please list all the ideas you remember either contributed by 

yourself or by others. (interactive group condition) 

 

 

 

 

 

Q5 Please indicate your gender:  

 

 Female     Male 

Q6 Please indicate your age: 

 

 Less than 18 

 18 to 29 

 30 to 39 

 40 to 49 

 50 or older 

Q7 Please indicate your major:  ______________________________________ 

 

Q8 Please indicate your ethnicity: 

 

 Caucasian 
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 Native American 

 African/African-American  

 Hispanic or Latino 

 Asian 

 Other _______________________ 
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Appendix H 

Debriefing Script  

Thank you for participating in today’s study. First of all, do you have any questions or 

suspicions about this experiment?  I want to tell you a little more about our study. As you 

probably know, you have been randomly assigned into different conditions. You were either 

assigned to a group or asked to brainstorm by yourself. In addition, some of you might be 

assigned to the condition with no images provided, some of you might be seeing the images 

that are related to the given task, or some of you might be exposed to the images that seem 

have nothing to do with the brainstorming task you had been asked to do. Creativity literature 

suggests that content related stimuli may increase the depth of idea exploration, whereas 

diverse stimuli may improve the diversity of idea categories produced.  

In addition to studying how visual images affect how people brainstorm, we’re also interested 

in learning if the content of the image in relation to the assigned brainstorming task will make 

a difference in brainstorming performance.  

If you have any further questions about the study, please contact either Jing Guo or Prof. 

McLeod, using the contact information provided on your copy of the Informed Consent form.  
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Appendix I 

Idea Category Used for Coding  

Categories Description 

Financial aid Scholarship, tuition, financial aid 

Improve student social 

interaction  

Gams & sports, shows conferences, seminars, cultural 

activities, school clubs, homecoming, etc.   

Educate importance of 

completing college 

Special lectures/seminars, keynote speakers, flyers, 

messages delivered through class   

Student-faculty interaction  More office hours, create new channels for students to talk 

to faculties, etc.  

School resources Library, school career events, school counsel, etc.   

School 

communication/marketing 

Advertisement and publicity 

Alumni involvement  Alumni hosted seminars, activities, tour, etc.  

Campus beauty  Paints, decorative, design, anything to enhance inner/outer 

beauty of campus  

School curriculum  Class size, new courses, textbooks, exchange programs 

Physical infrastructure  Parking, buildings, roads, renovation of rooms, new 

construction, etc.  

Campus safety   Therapy, campus security, more lights, late class escort 

Student incentives  Food, bar, vending machine, student insurance, restrooms, 

cleanliness, company career fair  
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Technology  Lab equipment, printer, computer,  

Special population  Day care, handicaps, student moms, elderly people  

 


