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Visual Background Music: Creativity Support Systems with Priming 

ABSTRACT 

Developing creative solutions to problems is often a key element of organizational 

decision making. Much research has been done on systems to support individual creativity, 

called Creativity Support Systems (CSS). Commercially available CSS and past CSS research 

have offered either a structured approach to the problem or provided stimuli to help the user 

think about the problem in a different way. We conducted two experiments testing an approach 

that builds on priming research by providing stimuli related to achievement on the screen as 

users worked, as what we call visual background music. Our findings show that this approach 

increased an individual’s creative output by 10-40% depending upon the experiment and 

outcome measure. Under the conditions of our studies, the priming stimuli we used had the 

strongest effect on the flexibility pathway by broadening the user’s consideration of the solution 

space, rather than the persistence pathway of encouraging more ideas within a topic category. A 

key implication of this study for CSS design is to add a banner that has rotating pictures about 

achievement to existing CSS.          

 

Keywords: priming, creativity, idea generation, dual pathway model, stimuli provider. 

INTRODUCTION 

Creativity is important to most modern organizations because the generation of a wide 

variety of ideas and alternatives is often a key step in problem solving and decision making [60, 

66, 68]. The study of information systems to support creativity has a relatively long history [21, 

29, 45, 53] and is an active area of research [1, 2, 51, 75]. These systems, called Creativity 

Support Systems (CSS) [68], typically support the creative process in two different ways [50, 

51]. The most common approach is to provide task-specific information or other stimuli to 
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encourage the user to take a different perspective on the task [50]. A second common approach is 

to provide a structured process that guides the user to think about the task in different ways [21, 

29]. Some CSS use both approaches [34]. Both stimuli providers and process guides are 

commercially available [2], with stimuli providers having the strongest effects on performance 

[2]. 

In this paper, we propose a different approach to CSS design, an approach that uses 

priming [8, 9, 37]. Priming is the presentation of stimuli that make specific emotions or concepts 

more accessible to an individual’s working memory and can influence both cognition and 

behavior without the individual’s conscious awareness [8, 9, 37]. Many different forms of 

priming exist (e.g., supraliminal, subliminal, affective); we use supraliminal priming (i.e., “above 

threshold”) in which the user is aware of the stimuli, but not necessarily aware of their intended 

effects [8, 9, 37]. Unlike stimulus providing CSS or structure providing CSS (both of which 

overtly strive to direct the user’s deliberate cognition in certain ways), supraliminal priming does 

not require direct conscious cognition and is more like metaphorical background music while we 

work: we know it is there, but it seems to have no direct connection to our work. 

We conducted two separate experiments examining the effects of a CSS designed to use 

supraliminal priming that presented images associated with the concept of achievement on the 

side of the screen as the user worked to generate ideas. The findings indicate that the use of this 

type of CSS improves both the quantity and creativity of ideas. We believe this contributes to 

research on CSS by theorizing and testing a new approach to CSS design and showing that the 

theoretical mechanism by which it works is primarily through the flexibility pathway (i.e., 

broadening users’ consideration of the solution space so that they generate ideas in more topic 

categories), rather than the persistence pathway (i.e., more ideas within the topic categories).   
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These findings also have implications for the design of future CSS. One simple first step is to 

add a banner that has rotating pictures about achievement to existing CSS.          

PRIOR THEORY 

Creativity 

“Creativity typically emerges from discovering new associations between previously 

disparate things” [50, p.719]. One of the best theoretical models for understanding idea 

generation is the Cognitive Network Model (CNM) [64]. The CNM builds on classic cognitive 

science research showing that there are at least two components to human memory (see also 

[54]). The first is working memory, which has limited capacity and is only capable of storing 

information for a limited time [64]. Deliberate conscious cognition occurs in working memory, 

as concepts are loaded for consideration and use.  

The second component is long term memory which stores an individual’s fundamental 

knowledge [54, 64]. Long term memory has essentially unlimited capacity and is persistent, 

although it can degrade with aging [54]. Long term memory is organized into bundles of related 

concepts [64]. When a bundle is accessed by working memory (or even just one concept within a 

bundle), it creates ready access to all the concepts within the bundle. For example, if one 

accesses the bundle of a picnic, then the concepts within it (e.g., blanket, hamper, sunshine) also 

become easily accessible with little extra cognitive effort [64]. 

Bundles are linked to other bundles [54, 64]. For example, tree may be linked to shade, 

fire, and paper. There is often considerable overlap between bundles and the boundaries are 

fuzzy, especially for concepts that share many linkages to each other and to other concepts [54]. 

When one bundle is activated in working memory, it often activates linked bundles, and 

activation gradually spreads [64]. We have no control over what bundles are activated by 
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external stimuli, because the process is automatic and based on the linkages among bundles [64]. 

Idea generation is a two-step process [54]. First, an individual activates bundles or 

concepts in long term memory, loading them into working memory [54]. Second, working 

memory is utilized as the individual tries to generate a new idea by combining concepts, making 

new connections or applying the concepts in the bundle to a new domain [54]. These two 

processes are iterative in that the output from one influences the other [54]. Ideas produced in 

step two serve as cues to bundle activation in step one. As an individual generates an idea, it 

influences what concepts and bundles are further activated and brought into working memory for 

use in generating more ideas. Thus, ideas may exhibit cognitive inertia as an individual explores 

the same solution space in greater depth, overlooking other parts of the solution space [26, 64].  

The combination of concepts sparks the generation of a new idea [64]. When two 

unrelated concepts are connected, there is the potential for a new idea [41, 48]. Greater disparity 

between bundles in working memory may increase the likelihood that a new idea is produced, 

and that the idea is more creative [41, 64]. Individuals are usually poor at idea generation, 

because they tend to rely on routines and fail to use disparate bundles of knowledge [64].  

External stimuli, such as those from CSS, can activate an unrelated bundle of concepts in 

long term memory and cause it to be accessible by working memory [64]. Activation by external 

stimuli is automatic and not under the deliberate control of the individual [5, 8, 10, 64]. As we 

noted above, once a bundle is activated, the activation spreads through its connections to other 

unrelated bundles [64]. Thus idea generation can be a somewhat random walk through the 

solution space, shaped by both deliberate effortful focused cognition, and the automatic 

activation of bundles triggered by external stimuli [64]. Thus idea generation exhibits both 

inertia (as an individual explores the one part of the solution space in greater depth) and 
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switching (as the activation of new knowledge bundles trigger new directions) [26, 64].  

The way we construct a problem in our minds can influence the nature of bundles that are 

activated. For example, suppose you get a flat tire while on the way to an important meeting and 

discover the car has no jack [62]. The bundles we activate are different if we construct the 

problem as a search for something to lift the car, a search for someone to change the tire, or a 

search for alternate transportation. The activation of different bundles will lead to very to 

different ideas. The more ways we can construct a problem, the more likely we are to activate 

more bundles, and the more likely we are to generate more ideas and more creative ideas [4, 62]. 

The dual pathway model of creativity argues there are two routes to a set of ideas: 

flexibility and persistence [23, 55, 58]. Flexibility is the search for a breadth of different 

categories within the solution space (i.e., more bundles), while persistence refers to the pursuit of 

categories in depth (i.e., more ideas within a category) [23, 55, 58]. Persistence is “hard work, 

perseverance, and more or less deliberate, persistent, and in-depth exploration of a few cognitive 

categories and perspectives” [23, p. 740], while flexibility “manifests itself in the use of different 

cognitive categories and perspectives” [23, p. 740]. 

The way in which the ideas are distributed across the distinct categories within the 

solution space is an indicator of which pathway dominated an individual’s cognitive processes 

[23]. Greater use of the persistence pathway is indicated by a set of ideas in only a few categories 

in the solution space (e.g., many ideas in each category), while greater use of the flexibility 

pathway is indicated by the dispersion of ideas across categories (e.g., many categories) [23]. 

The choice of pathway (flexibility or persistence) can be influenced. For example, 

flexibility can be increased by providing more diverse cues in the task description which trigger 

ideas across more categories [4, 54]. An individual’s mood, which can be manipulated, also 
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affects flexibility and persistence [23]. Mood is typically assessed on two dimensions: valence 

(positive or negative) and arousal (how intense or activating) [15]. When individuals have high 

arousal and positive valence, flexibility increases; conversely, when arousal is high and valence 

is negative, perseverance increases [23]. Thus arousal is key to the production of ideas, and 

valence influences which pathway is used [23]. 

Creativity Support Systems 

The study of creativity and CSS in the IS discipline has a long history [21, 29, 45]. There 

are many different types of CSS that support the creative process in a variety of ways [44, 50, 

51].  The most common approach taken by many CSS is to support divergent thinking by 

proving task-specific stimuli, a guided process, or combination of both [2, 50, 51]. 

CSS that provide task-specific stimuli attempt to induce individuals to improve their 

creative productivity via the flexibility pathway. They offer stimuli related to a task that are 

intended to trigger thoughts of other bundles that would otherwise be overlooked. For example, 

both the CreativeFlow and MUSE systems have modules that provide visual stimuli from past 

projects and enable Web-based searches for stimuli [75]. LEAPS is a case-based reasoning 

system that provides a knowledge base of task-related knowledge that presents solutions to 

related problems that can be used to trigger new ideas [1]. IdeaFisher has an idea bank with over 

700,000 associations of topics, phrases, and words as stimuli for generating ideas [47].  

CSS that provide a guided process can vary greatly in the nature of the process that they 

support; some are specific to a general category of tasks, while others are general purpose [2]. 

Many CSS process guides support a process that also focuses on the flexibility pathway by 

encouraging individuals to find additional idea categories from within their own knowledge by 

using techniques suggesting different vantage points from which to consider the problem. For 
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example, the guided fantasy technique encourages individuals to think of a fantasy world distant 

from the task and use elements of it in generating ideas [21, 22]. The GENI system has the user 

first identify problem elements (e.g., goals, beliefs, objects and processes) and then presents a 

series of structured combinations of randomly selected problem elements to help the user find 

associations among them to generate more ideas [45]. The ods/Consultant system offers a variety 

of processes that can be mixed and matched to guide the user through problem assessment, 

assessing validity and reliability of known facts, developing and testing explanations for why the 

problem is the way it is, identifying resources to address the problem, and determining objectives 

[29, 46]. Ideatree provides a hierarchical (or lateral) process for developing ideas and then 

expounding on them in more detail [47]. The Axon Idea Processor encourages users to diagram 

objects and the relationships among them [31]. A group process introduced by Santanen et al. 

[64] had a facilitator interrupt participants every two minutes to focus their attention on five 

general concepts related to the task (more effective, faster, cheaper, easier and simpler) and 

found that prompting led to more creative solutions than no prompting.  

Our conclusion is that the use of CSS (stimuli providers or process guides) improves the 

number and creativity of ideas produced – sometimes modestly, sometimes substantially – but 

the effects are not uniform; some people and problems benefit more from CSS than others, and 

some find no benefit [50, 51, 68]. CSS that provide task-related stimuli tend to have a stronger 

effect on performance than process guides that rely on users’ own knowledge, but the evidence is 

not overwhelming [2]. Thus the current received wisdom for CSS design is to include modules 

that provide task-specific stimuli and/or processes that encourage divergent thinking [50].  

Using Supraliminal Priming to Increase Creativity  

We examine a different theoretical approach that does not use process or task-specific 
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cues to increase number and creativity of ideas but, rather, influences automatic cognition to 

increase creative flexibility and/or persistence. This type of theoretically driven approach could 

be both universally useful (i.e., since it is not dependent on a specific process or task) and 

combined with other process and task-stimuli approaches to design future CSS.  

Priming is the activation of concepts or bundles of knowledge in an attempt to influence 

subsequent behavior [6]. Priming is usually delivered through stimuli presented before 

measuring behavior on a task of interest (which is why it is called priming, as in priming the 

pump) [67]. There are many types of priming, all variants on the same theme of initial stimuli 

that affect future behavior. Previous research has used subliminal, supraliminal, negative, 

syntactic among others [6]. Some types of priming are far afield from the current study; for 

example, negative priming focuses on selective attention [49, 73]. It uses a “distractor” stimulus 

that is supposed to be ignored during the priming phase. In the subsequent task, a target stimulus 

is shown in the area that contained the distractor stimulus [73], so healthy individuals take longer 

to recognize the target stimulus [49], creating a “negative priming effect” [49].   

We used supraliminal, or “above threshold,” priming. With this priming, individuals are 

consciously aware of the stimulus, but not the intent behind it, unlike subliminal, or “below 

threshold,” priming [6, 25]. Even if the individual becomes aware of the intent of the priming 

stimulus, it still can influence behavior [7]. A variety of supraliminal priming techniques have 

been used, including commercials [3], posters [57], scenarios [20], and word games [6].  

Supraliminal priming works by presenting stimuli designed to activate a specific target 

concept that is stored in the individual’s long term memory and move it into working memory. 

Once a concept becomes activated in working memory, its accessibility in long term memory is 

heightened [72]. Accessible concepts can influence cognitive processes such as selective 
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attention or information retrieval [77]. When the target concept is active in working memory, it 

can affect how a person interprets new information and thus, can change behavior [5, 63].  

Priming will only induce the desired behavior if the individual’s memory contains the 

target concept, if the priming stimuli activates the concept, if the link between the concept and 

the desired behavior is strong, and if the individual is in a context where the behavior is relevant 

[33]. There are many “ifs” in the theoretical chain that must be true for priming to have an 

impact, so its effects are not uniform across all individuals [8, 30, 71]. Nonetheless, priming has 

been shown to influence a wide variety of individual behavior, attitudes, and beliefs [8, 30, 71].  

Priming can also influence individual behavior by affecting mood as well as by affecting 

cognition [52].  Most priming research on emotions has focused on the effect of priming on 

positive and negative emotional valence, rather than arousal [79]. Repeated exposure to words 

with positive valence or negative valence has been found to create a positive or negative 

emotional state, which in turn influences an individual’s subsequent behavior [18].  

Emotional and cognitive reactions to priming are not mutually exclusive; emotions and 

cognition often interact and both influence behavior [78]. Defining priming stimuli as solely 

emotional or cognitive oversimplifies the actual influence of the prime [78]; it is more reasonable 

to assume that cognitive and emotional response to priming stimuli are related [78]. For example, 

the use of the concept of achievement has proven successful in prior studies, in part because 

achievement oriented concepts are typically high in positive valence and arousal. Therefore, 

priming the concept of achievement will likely both shape cognition and induce emotional states 

that are high in positive valance and arousal [11, 39]. Emotional states high in arousal increase 

perseverance and the production of ideas [23]. There also is some evidence that high arousal 

coupled with positive valence increase flexibility, leading to more creative ideas, while high 
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arousal coupled negative valence increases perseverance, leading to more ideas overall [23]. 

There has been some initial research that attempts to understand if priming can be used to 

influence creativity. Friedman et al. [32] primed participants in two studies with either a broad or 

a narrow scope by having them look at a small area or wide area on the screen prior to the task; 

one study showed increased creativity for the broad priming, but the other did not. Brennan [12] 

primed participants in two studies by including or omitting the Apple Computer logo on task 

materials, and found no effects in either study. Sassenberg, et al. [65] primed participants in two 

studies by asking them to first describe three creative activities or three precise activities; those 

receiving the creative priming were more creative in both tasks. Lewis et al., [43] primed 

participants in two studies by showing them positive images, negative images, and neutral 

images prior to the task, and found mixed effects on creativity in the first study for both positive 

and negative images, and only effects from negative images in the second study. Dennis, et al. 

[27] primed groups of five participants with a word game using achievement words or neutral 

words and found groups receiving achievement priming were more creative.  

As we look across past empirical research, we see two patterns. First, many different 

approaches to priming have been examined. Different stimuli (e.g., numbers, games, images, 

writing statements) intended to prime a variety of concepts (creative, novelty, broad, 

achievement) or affects (positive or negative) have been presented prior to a wide range of 

creativity tasks. Second, the effects on creative outputs have been equally diverse, with some 

studies showing priming to improve creative outputs and others showing no effect. 

At best, we might say that priming may have potential to influence creative outputs; 

skeptics might say the erratic pattern shows a random walk. Priming can produce different 

effects in different individuals because each individual is likely to have a somewhat different set 
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of concepts in long term memory; not all priming stimuli will activate the same concepts and 

trigger the same behaviors in everyone exposed to the same stimuli [17, 28, 70]; as we argued 

above, there is a long chains of “if” statements that need to be true for priming to work.  

Concurrent Non-Task-Related Supraliminal Image Priming  

This study uses a type of supraliminal priming that we call concurrent non-task-related 

supraliminal image priming, in which the priming stimuli (images) that are not directly related to 

the task (non-task-related) are placed in the visual field of the user during the task itself 

(concurrent). We consider each of these three design elements in turn (concurrent, images, non-

task-related). For simplicity of language, we will refer to this as concurrent priming for the rest 

of the paper.   

Concurrent. Priming has traditionally been done in an a priori fashion, meaning an 

individual is primed first and then works on the task (an exception is [43] who made a library of 

stimuli available to users during the task, but did not encourage or require them to access it). 

Since the prime is removed before the task starts, the priming effect begins to decay as the task 

commences [25]. Priming effects dissipate at a decay rate determined by a number of factors 

such as duration of priming session and stimuli used [25]. As a result, the efficacy of the prime is 

most pronounced at the beginning of a task and diminishes as time elapses.  

From a theoretical perspective, this pattern is the opposite of what fits idea generation. 

Individuals usually begin idea generation with many ideas and produce a flurry of ideas as they 

start [64, 69]. Once they produce their initial ideas, idea generation becomes more difficult and 

they must either persist within the topics they have considered or exhibit flexibility and find new 

topics within the problem space. Traditional a priori priming may be limited in its effectiveness 

because the priming effect is wearing off in latter stages of the task just when it is most needed. 
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 From a practical perspective, a priori priming also presents a potentially important 

limitation. Because it is delivered prior to the task, individuals must take time away from the idea 

generation task to receive priming, before they can begin working. Thus, the use of a priori 

priming in an organizational setting may be limited because individuals may not want to perform 

the priming task, as it takes time away from the more important idea generation task. 

Concurrent priming delivers the priming stimuli at the same time as the individuals are 

performing the idea generation task. From a theoretical perspective, it is likely to have a stronger 

priming effect than traditional a priori priming, because the priming stimuli continue to act 

throughout the duration of the task and are active in the later part of the task when individuals 

have the greatest need for help generating ideas. From a practical perspective, concurrent 

priming is easier to implement because it occurs simultaneously with the task; the individual no 

longer needs to waste time performing a priming task prior to beginning to generate ideas.   

However, with concurrent priming, individuals will be using cognitive resources to 

perform the brainstorming task at the same time as they need to process the priming stimuli. It is 

important that the priming stimuli do not require too much cognitive processing so that they do 

not constitute a distraction that impairs performance; for example, processing text messages 

while performing a task, impairs performance [74]. Interestingly, one meta-analysis found that 

modestly increasing cognitive load increased the strength of priming effects because when 

cognitive load is higher, individuals have less ability to actively resist priming [25].  

Images. One concern with concurrent priming is the need to devote cognitive resources 

to processing the priming stimuli at the same time as you perform the task. Processing images 

uses a different memory and processing system than verbal information [59], so they are less 

likely to present a distraction that inhibits the generation of idea of ideas expressed in verbal or 
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written words. Priming research has found that individuals do not need to consciously process 

the stimuli for them to influence behavior [18]. Many stimuli are present in our visual field, and 

conscious processing does not occur for all stimuli. Priming stimuli presented in the visual field 

that are readily apparent influence behavior even if the individual does not recall them [18]. 

Images have been shown to be as effective as words in eliciting priming effects [16, 35], 

and also have been used in CSS [50]. Image primes activate semantic networks in a similar way 

to priming with words by eliciting semantic interpretations of the images [35, 50]. For example, 

an image of an individual crossing a finish line in first place creates a semantic interpretation of 

“that individual just won the race.” This semantic interpretation activates mental representations 

related to winning in the same manner as words related to winning [35, 50].  

Non-task-related. Many stimuli-proving CSS provide task-related stimuli because, as 

argued by CNM [64], it is the connection between concepts in different bundles – especially 

disparate bundles – that leads to creative ideas [1, 47]. In contrast, most priming-based 

approaches have used non-task-specific stimuli designed to prime positive affect or general 

concepts intended work across a variety of tasks (e.g., broad, creative, achievement). 

One key challenge in priming lies in selecting an appropriate concept to prime [27]. One 

concept that has been shown to have broad impact is achievement. Achievement priming works 

through a cognitive route by activating semantic networks related to achievement, which 

motivates behavior by creating an expectation of success and an increased desire to achieve [7, 

27]. Motivation to perform a task is a function of the individual’s perception of the importance of 

that task and the expectancy of success [76], so if one can positively influence either, motivation 

should increase [27, 76]. If we can increase motivation, then idea generation performance should 

improve because increased motivation leads to increased idea production [23]. 
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Research on achievement priming’s effects on the persistence and flexibility pathways of 

idea generation are mixed. One study has shown that achievement priming decreases 

perseverance and increases flexibility, but the task did not involve creative idea generation [36]. 

In another study, individuals primed with achievement continued to work on the task after they 

were instructed to stop, indicating that achievement priming induces perseverance behaviors [7]. 

They also performed better in subsequent word puzzle or impression formation tasks [7], but this 

study did not examine idea generation. Priming achievement may also influence emotional 

mood, because achievement-oriented words tend to have positive valence and be high in arousal. 

Participants with high arousal and positive valence are more flexible in idea generation [23]. 

Hypotheses 

In summary, we argue that based on theory, concurrently priming achievement during an 

idea generation task will increase motivation and change mood (increased arousal and more 

positive valence), which together can work through the flexibility and/or perseverance pathways 

to improve individual idea generation. There is some empirical evidence for tasks other than idea 

generation that supports our theoretical arguments that achievement priming will increase both 

flexibility and perseverance. Given the theory and prior empirical evidence, we hypothesize that 

achievement priming will affect both theoretical pathways:  

H1a: (Flexibility) Concurrent priming of the concept of achievement will induce individuals 

to generate ideas in a greater number of categories in the solution space, compared to a 

control condition designed to have no impact. 

 

H1b: (Perseverance) Concurrent priming of the concept of achievement will induce 

individuals to generate more ideas within the categories they consider, compared to a 

control condition designed to have no impact. 

 

There are many ways to assess creative output. The two most common ways are counting 

the number of non-redundant ideas produced, and an assessment of creativity, which has been 
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conceived as originality, feasibility, relevancy or some other aspect of creativity [13, 14, 24, 27, 

56, 61]. Based on a review of prior research, Dean, Hender, Rodgers and Santanen [24] conclude 

that the creativity of an idea is comprised of three distinct dimensions: novelty, workability, and 

relevance. Novelty addresses originality (the degree to which the idea is imaginative) and 

paradigm (the ability of the idea to change the way a problem is viewed). Workability reflects 

acceptability (the level to which an idea does not violate known constraints) and 

implementability (the ease with which the idea solves the problem). Relevance captures 

applicability (how clearly the idea relates to part of the stated problem) and effectiveness (how 

well the idea solves all or part of the stated problem). Each of these three dimensions is 

theoretically distinct, and while there is some correlation among them, they are separate 

(although workability and relevance are highly correlated and could be collapsed into one 

dimension) [24].  

Researchers have long argued that quantity and creativity are related to each other [56]. 

The empirical evidence on the effects of priming suggests that priming sometimes affects the 

number of ideas differently than some measures of idea characteristics, such as originality. 

Bounded Ideation Theory (BIT) argues that the relationship between quantity and creative 

quality is a function of the task, individuals, and work process [14]. Small tasks (for which 

individuals are likely to produce all viable ideas in less than the time available) or very large 

tasks (where participants work until sleep-deprived) are special cases that set some limit beyond 

which the two are not related. Omitting these special cases, BIT argues idea quality and 

creativity is primarily a function of individuals’ ability and understanding of the task. Someone 

with a perfect ability and understanding would only produce good creative ideas [14]. Someone 

with less ability or understanding would produce a mix of good and bad ideas [14].  
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BIT argues that the number of creative ideas depends upon flexibility and perseverance 

[14]. In general, each topic area contains creative ideas, and less creative ideas. Some ideas in a 

topic area are obvious ideas that come readily to mind when the topic is first considered [23, 55]. 

Thus increasing flexibility should lead to more ideas in a given time period, because these 

obvious ideas are easy to produce [61]. These ideas are not likely to be novel but they may be 

quite implementable [23, 55], so whether they are creative ideas may depend on whether the goal 

is to produce novel ideas or workable ones [24]. Ideas that are good across all dimensions of 

creativity often lie deep in the topic space and require motivated attention to produce; thus 

processes that increase perseverance have stronger effects on the number of creative ideas [14].  

We theorized above that priming achievement will increase flexibility and persistence 

(H1). Increased flexibility leads to more ideas, and increased perseverance leads to more novel 

and workable ideas, so we hypothesize that achievement priming will increase both the number 

of ideas and the creativity of ideas. The creativity of an idea is the extent to which it is novel, 

workable, and relevant [24]. Some ideas may be novel but not workable or relevant. Similarly, 

workable and relevant ideas might not be that novel (or any combination of these). In this study, 

we consider all three creativity dimensions simultaneously, as the most creative ideas are 

simultaneously novel, workable, and relevant. Thus:  

H2: (Quantity) Concurrent priming of the concept achievement will increase the number of 

nonredundant ideas generated, compared to a control condition designed to have no impact. 

 

H3: (Creativity) Concurrent priming of the concept achievement will increase the number of 

creative ideas generated, compared to a control condition designed to have no impact. 

 

STUDY 1 

Method 

Participants. The study was a repeated measures experiment in which participants 
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participated in two treatments. Forty-three students (56% male) were recruited from a business 

core course offered to sophomores and juniors at a US state university. Age ranged from 18 to 

23; average of 20.  

Tasks. This study used two 15-minute tasks from prior research [27]. One task was 

generating ideas to increase tourism within the state, the instructions were: “Please generate as 

many ideas as you can to increase the number of tourists that visit the state of Indiana. Please 

consider tourists from inside the state who visit other parts of the state, as well as tourists from 

other parts of the US and those from other countries.” The other task was generating ideas to 

reduce pollution, the instructions were: “Please generate as many ideas as you can that will 

reduce pollution.  Please consider ideas to reduce air pollution, water pollution, and ground 

pollution (e.g., garbage and landfills).” In both tasks the participants were instructed to “Try to 

generate as many ideas as possible. Do not criticize anyone’s ideas. All ideas are welcome, no 

matter how silly or far out they seem. Try to build on and improve the ideas of others.”  

Treatments. There were two within-subject treatments: achievement priming and neutral 

priming. Participants generated ideas using notepad software with a banner on the right side of 

the screen to display the images (400 x 300 pixels). The achievement priming condition 

consisted of a set of 30 images designed to prime the concept of “achievement,” while the 

neutral priming condition consisted of 30 images designed to have no effect (see Appendix A for 

example images). The banner presented a new image every 30 seconds.  

One important consideration is ensuring the two sets of images actually differed in 

perceptions of achievement. We began by searching a stock photo service for neutral images and 

images related to four achievement themes: sports win, personal victory, graduation, and award. 

We derived these themes based on examination of a wide variety of achievement-related images. 
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Through an iterative process, we selected a set of 40 images we believed were related to 

achievement, and another 40 images that were neutral and intended to have no effect.  

We then assessed whether our perceptions of the images matched those of the participant 

population. Each image was rated by 25 students drawn from the same participant pool (but who 

were not part of the study). The set of 80 images was presented in random order on a computer 

screen in the same size and dimensions as the treatment images. After viewing each image for 10 

seconds, the students were asked to rate the image on achievement, valence, and arousal using a 

7-point scale. We selected 30 images from each set of achievement and neutral images based on 

mean achievement ratings and low standard deviation (achievement: M = 5.54. S.D. = .51, 

neutral: M = 3.92, S.D. = .60). The image sets significantly differed on achievement (t(58) = 

7.87, p < .001), arousal (t(58) = 4.71, p < .001), and valence (t(58) = 3.75, p < .001).  

Dependent variables. The dependent variable was idea generation performance, 

conceptualized in two ways: quantity and creativity. Quantity was the number ideas, defined as 

the number of ideas that provide a solution regardless of quality, where each idea is counted only 

once (i.e., duplicate mentions of the same idea are not counted). Ideas were disaggregated if 

multiple ideas were provided in one statement (e.g., “Reduce the amount of materials used, reuse 

old materials, and recycle other materials” would be counted as three ideas as long as they were 

not previously stated by that individual).The number of ideas was counted by one rater who 

created a master idea list of all ideas. A second rater independently counted the ideas generated 

by a randomly selected subset of 20% of the participants and matched those ideas to the master 

idea list. Inter-rater reliability was 95%, calculated as the number of ideas identified by both 

raters divided by the number of ideas identified by either rater (i.e., number of agreements / total 

codings). There were a total of 734 pollution ideas and 792 tourism ideas.  
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The second dependent measure was the number of creative ideas. We used the approach 

outlined by Dean et al. [24] and conceptualized creativity as a multi-dimensional construct, 

consisting of three separate dimensions: novelty, workability, and relevance. Each dimension 

consisted of two sub-dimensions ranked on a scale from 1 to 4, with higher numbers indicating 

the idea has more of that attribute. Novelty is comprised of originality and paradigm breaking. 

The workability dimension has the two sub-dimensions of implementability and acceptability. 

Relevance consists of the sub-dimensions of applicability and effectiveness. One rater rated each 

idea on the master list on all six subdimensions. A second rater independently rated a random 

subset of 20% of the ideas. Inter-rater reliability was adequate: Cronbach’s alpha = 0.85. 

There are several ways of calculating creativity (e.g., calculating a total creative score, 

counting the number of creative ideas, etc.) [61]. We measured creativity as the number of ideas 

rated as high in creativity [61]. To be considered a creative idea, an idea had to be rated as a 3 or 

4 on all six subdimensions of the novel, workable and relevant scales. Thus creative ideas are 

simultaneously novel, workable, and relevant. About 20.1% of the pollution ideas were classified 

as creative, as were 14.4% of the tourism ideas. 

Flexibility was assessed by examining the number of topic categories within the problem 

space that the ideas considered [23]. The tourism task had 11 categories (e.g., advertise, laws, 

attractions, festivals) while the pollution task had ten (e.g., education, laws, incentives, social 

responsibility). Persistence was the average number of ideas within each category [23].  

Procedure. Participants completed the experimental procedure after providing informed 

consent. The study was conducted in a 16-seat computer classroom lit by fluorescent lights that 

provided an individual study carrel with a Windows computer for each participant. The carrels 

were arranged into two rows of eight against opposite walls. When seated, participants could not 
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see other participants’ computer screens. The four treatment-task combinations were randomly 

distributed throughout the room at each session. The number of participants at each session 

ranged from 8 to 16. All tasks and instructions were presented on paper. The computer screens 

presented the Windows notepad software and the software that presented the images (which did 

not start until the participant pressed play); the experimenter verified that all participants had 

pressed play in each session. Participants were randomly assigned to either the neutral or 

achievement priming condition first, and either the tourism or pollution task first. Participants 

worked on the first task in the first treatment. Next, they completed a short survey that asked 

demographic questions and several distractor questions designed to provide time for the initial 

treatment effects to dissipate. Participants then performed the second task with the second 

treatment, and completed a second survey. Finally, they were debriefed and released.  

Results 

The statistical analyses were performed in SPSS using a repeated-measures General 

Linear Model; Appendix C provides the GLM output tables. Table 1 presents the results. First, 

we examined the pattern in the ideas to understand the effects of priming on flexibility and 

persistence. There were significant differences in the average number of categories by treatment 

(F(1,39) = 5.44, p = .033). The effect size was small with a Cohen’s d =.35. There were no 

significant differences in the average number of ideas per topic category by treatment (F(1,39) = 

0.40, p = .529). Thus achievement priming induced participants to broaden their conception of 

the problem space in each topic area and generated ideas that spanned more different categories. 

Therefore, H1a was supported but H1b was not: the concurrent achievement prime worked 

through the flexibility pathway and not the perseverance pathway. 

Individuals produced significantly more ideas with achievement priming than with 
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neutral priming (F(1,39) = 5.44, p = .025). The effect size was small (d=0.21), with about 1.5 

more ideas with achievement priming. H2 was supported. 

The pattern was the same for idea creativity. Achievement priming led to more creative 

ideas (F(1,39) = 7.37, p = .010). The effect size was medium (d = .52). Participants identified 

very few creative ideas, but this is not surprising because only 17% of the ideas were coded as 

creative and creative ideas are harder to generate [14]. H3 is supported.  

As a post-hoc analysis, we examined the distribution of the ideas generated between the 

two treatments at an individual level. Priming can produce different effects in different 

individuals because each individual is likely to have a somewhat different set of concepts in long 

term memory; not all priming stimuli will activate the same concepts and trigger the same 

behaviors in everyone exposed to the same stimuli [17, 28, 70]. Achievement may be a general 

concept that is known and understood by most individuals in the same way; or, different 

individuals may have different conceptual schemas of what achievement means. If most 

individuals have a similar conceptual schemas of achievement then we would expect a normal 

distribution of its effects. If schemas are not similar, then the priming images are likely to 

influence some individuals, but have no effect on others, which will lead to a bimodal 

distribution, with one mode for those affected and a second mode for those not affected.  

To investigate this, we calculated the difference in the number of ideas generated by each 

participant between the two treatments. Figure 1 presents the histogram, with a normal curve 

superimposed. The curve was normally distributed (Shapiro-Wilk = 0.97, p=.315). There were 

two extreme cases, one low (-10) and one high (13). The data show no evidence of a bimodal 

distribution, so we conclude that the effects of achievement priming were not categorically 

different from person to person in our sample of students.  
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Discussion 

We used a repeated measures design to compare a CSS that used images to deliver 

concurrent priming of the concept of achievement to one that presented images designed to have 

no impact. When users used the priming CSS, they generated more ideas and more creative ideas 

that were novel, workable, and relevant. Priming worked primarily through the flexibility 

pathway by inducing participants to consider more topic categories.  

Priming has been the subject of much debate in psychology [38, 40]. Some studies have 

found priming effects, while others have not. When some studies have been replicated, the 

replication studies have sometimes found similar results and sometimes have found different 

results [38, 40]. Therefore, when studying priming, it behooves researchers to run a second study 

to replicate their results. Therefore, we conducted a second study. 

STUDY 2 

Prior priming research has used a control treatment that matches the priming treatment in 

structure [5, 7]. Both the control treatment and priming treatment present the user with pre-task 

stimuli (e.g., images, or a word game) but in the control treatment, the content of the stimuli is 

designed to be a placebo; it is a set of words, images, etc. designed to have no effect. This 

enables the researcher to be sure that the priming effects are not from the pre-task stimuli such as 

a game, but rather from the priming content. If no pre-task stimuli were used, then we could not 

rule out the alternative explanation that playing a game – any game – prior to the task produced 

the results. Thus, prior priming research has used a placebo treatment as the control treatment.  

The control treatment in Study 1 included such a placebo treatment by presenting neutral 

images designed to have no effect. This enabled us to rule out the alternative explanation that 

providing images – not the specific priming images – is what caused the differences. 
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However, the use of concurrent priming adds an additional issue. Because the priming 

stimuli are delivered at the same time as the idea generation task, they have the potential to 

distract. Any stimuli that appear in the visual field will automatically draw the user’s attention 

because our eyes are drawn to movement or changes in the visual field and this may trigger our 

conscious attention [37]. The stimuli in Study 1 were designed to be of neutral valence and 

unarousing, but it is possible they drew the users’ conscious attention. Stimuli that distract 

attention can reduce performance [74]. Thus, one could argue that an alternative control 

treatment would be no images of any kind that would mimic unaided idea generation. Therefore, 

a control treatment without images has ecological validity.  

In Study 1, a placebo condition with neutral priming images was used, as is traditional in 

priming research, but this does not enable us to determine how the priming CSS compares to 

unaided idea generation. Therefore, in Study 2, we chose to use two different control treatments. 

One was the same placebo control treatment of neutral images used in Study 1. The other was 

what we call an “ecological control” condition of unaided idea generation.  

Design 

The hypotheses were the same as Study 1. The design was identical to Study 1 (same 

tasks, measures, procedures, and analyses) but an additional ecological control (i.e., no priming) 

treatment was added. One control treatment (which we call the placebo control treatment) was 

identical to Study 1. The other control treatment (which we call the ecological control treatment) 

was unaided idea generation; this treatment removed the images, so participants had only a text 

window in which to type ideas.  

The participants were 225 students (54% male) recruited from a business core course 

offered to sophomores and juniors at a US state university. There was no overlap in participants 
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between Study 1 and Study 2.  

Study 2 was conducted in a 48-seat computer classroom lit by fluorescent lights that 

provided an individual study carrel with a Windows computer for each participant. The carrels 

were arranged into six rows of eight carrels. When seated, participants could not see other 

participants’ computer screens. The four treatment-task combinations were randomly distributed 

throughout the room at each session. The number of participants at each session ranged from 10 

to 48. All tasks and instructions were presented on the computer screen using a web interface 

(using Google chrome). Participants clicked an on-screen button to advance from step to step 

within the software. A timer was used on each task segment to prevent participants from leaving 

the idea generation task prior to the time allotted.  

Results 

Participants worked in both the achievement priming condition and one of the two 

control conditions (placebo or ecological). Table 2 presents the results. This table is first 

organized by the between-subjects factor of the type of control treatment the participant was 

assigned to (placebo or ecological) and then by the two conditions the participant worked in 

(achievement priming and control). Appendix C presents the GLM tables.  

We first examined flexibility and persistence. Individuals considered significantly more 

topic categories with achievement priming than in the control condition (F(1,220) = 12.49, p = 

.001). The effect size was small (d =.18). There were no differences between the two control 

conditions (F(1,220) = 0.94, p = .335). There were no significant differences by treatment in the 

number of ideas per category (F(1,220) = 1.17, p = .280), and no differences between the two 

control treatments (F(1,220) = 0.33, p = .335). H1a was supported but H1b was not. 

Individuals produced significantly more ideas with achievement priming than with the 
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control condition (F(1,220) = 4.79, p = .030). The effect size was small (d =0.14). There were no 

differences between the control treatments (F(1,220) = 0.02, p = .894). H2 was supported. 

Achievement priming led to more creative ideas (F(1,220) = 12.45, p = .001). The effect 

size was small (d = .19). There was a significant Priming x Control interaction (1,220) = 9.27, 

p=.003), meaning there were differences between the priming and control conditions for the 

ecological control versus the placebo control. Table 2 shows no material differences between the 

number of creative ideas for the two control conditions (1.40 vs. 1.38); instead, Table 2 shows 

that participants assigned to the ecological control treatment generated more creative ideas when 

they were in the achievement priming treatment than did participants assigned to the placebo 

control condition in the achievement priming treatment (1.94 vs. 1.54). The type of control 

treatment should have no effect on performance in the achievement priming condition, so this 

pattern is unexplained. Nonetheless, H3 is supported. 

We conducted the same post-hoc analysis examining the difference in the number of 

ideas generated by each participant between the two treatments. Figure 2 presents the histogram, 

with a normal curve superimposed. We do not see a distinct bimodal distribution in this figure. 

The curve was not normally distributed (Shapiro-Wilk = 0.98, p=.003). There were three extreme 

cases, one low (-17) and two high (21 and 20). If we remove these extreme cases, then the 

remaining data are normally distributed (Shapiro-Wilk = 0.99, p=.334). Thus, it may be that 

those three individuals (about 1% of the sample) were affected unequally as we theorized. 

Because 1% is not a material proportion, we conclude that the effects of achievement priming 

were not categorically different from person to person in our sample of students.  

Discussion 

Use of the priming CSS prompted individuals to generate more ideas and more creative 
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ideas. The results were the same regardless of the use of a placebo control (neutral images) or an 

ecological control (no images). Priming worked primarily through the flexibility pathway by 

increasing the number of categories considered, rather than the persistence pathway.  

The pattern of results in Study 2 matches those in Study 1; the replication study produced 

the same results. One difference from Study 1 was our use of two different control treatments, a 

placebo priming treatment that matches the control treatments in prior theoretical research and an 

ecological control treatment that matches unaided idea generation common in practice. We found 

no meaningful differences due to the use of one or the other control treatment. 

GENERAL DISCUSSION 

We used two studies to examine the impacts of a CSS using concurrent non-task-related 

supraliminal image priming on idea generation. This form of priming places images not directly 

related to the task in the visual field of the user during the idea generation task. The images are 

essentially visual background music as the user generates ideas. The users are aware of the 

images, but not necessarily their purpose and do not need to focus attention on them. 

Both studies found that individuals generated more ideas, and more creative ideas (ideas 

simultaneously novel, workable, and relevant) when exposed to images designed to prime the 

concepts of achievement concurrently with the idea generation task as compared to a placebo or 

ecological control treatment, when used in this manner.  

The results across both studies show that the primary theoretical pathway through which 

this form of priming acts is the flexibility pathway rather than the persistence pathway, when 

used in this manner. The priming stimuli induced participants broaden their thinking about the 

task and consider significantly more categories than the control treatment but had no effects on 

the number of ideas per category. These findings are the first to identify the theoretical pathway 
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through which achievement priming acts. The priming effects were mostly normally distributed 

throughout our participant population, counter to our expectations that the priming stimuli might 

affect some participants but not others (which would lead to a bimodal distribution).   

We draw three conclusions from these results. First, achievement priming, delivered 

concurrently via images as an individual performs an idea generation task in this manner, 

induces individuals to produce more ideas and more creative ideas. The priming effect works 

through the flexibility theoretical pathway, rather than the persistence theoretical pathway. 

Specifically, achievement priming broadens individuals’ thinking about the solution space, 

triggering them to become more flexible in the range of ideas they generate. Interestingly, our 

study found no evidence that achievement priming affected the persistence pathway for idea 

generation tasks, indicating that it does not induce individuals to generate ideas more deeply 

within their selected parts of the solution space. The concept of achievement is task independent, 

unlike many CSS stimuli providers, so this approach can be applied to many different tasks. 

Second, concurrent achievement priming works at the individual level in an individual 

idea generation setting. In prior research that involved teams, achievement priming was shown to 

work at the team level [27]. However, that study was unable to determine whether the priming 

effect was due to the nature of the team interaction or based on each individual generating more 

ideas. Our study shows that achievement priming works at the individual level increasing both 

the quantity of ideas and the number of creative ideas. 

Third, the fact that this approach is concurrent (unlike traditional a priori priming) 

suggests it can be a useful complement to existing CSS. Achievement priming can be embedded 

within CSS to increase creative generation for individuals. The achievement prime is not 

context-dependent (i.e., it does not need to be altered based on the specific topic of the idea 
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generation task), nor does it rely on altering the process of the individual during idea generation 

consciously. Rather, this study shows that CSS can be designed with achievement priming to 

modestly affect idea generation productivity without requiring alterations based on the nature of 

the task or drastically changing an individual’s process of idea generation. 

Limitations 

This research suffers from the usual limitations of experimental research. We studied 

undergraduate participants working on short, artificial tasks. Student subjects are considered 

appropriate for testing theories applicable to the general population [19, 42], as our theory is 

intended to be. Age and socioeconomic-status are generally considered to be the key differences 

between students and organizational populations [19]; here, neither is theorized to interact with 

the experimental conditions. Undergraduate students are also representative of future employees, 

since they will join organizations within a span of 2-3 years [19]. Our tasks were only 15 minutes 

in duration, which is typical of laboratory studies.  

Likewise, we did not test a fully developed prototype software of our proposed CSS 

approach. Much like the original studies at the University of Arizona that investigated electronic 

brainstorming, our goal was to see if there was “something here” before designers invest time 

and effort in a proper prototype or commercial system. The “CSS” we used in Study 1 was two 

different commercial packages presented in separate windows. The “CSS” we used in Study 2 

was a purpose-built Web-based system coded using a scripting language. 

Despite these limitations, we believe that this study presents insights for CSS research. 

We found that a relatively simple manipulation produced significant effects on ideation 

performance that can be readily incorporated into existing CSS. We believe that these results 

have important implications for both research and practice, pending additional work in the field. 
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Implications for Research 

First and foremost, our results show that concurrent supraliminal priming using 

achievement images improves individual idea generation performance when used in this manner. 

This complements prior research that found group idea performance was improved when group 

members were exposed to a priori priming of the concept of achievement via a word game [27]. 

Our research extends this research by showing that priming delivered concurrently via images 

improves individual idea generation in much the same way that an 8-minute a priori priming 

session with a word game improves group idea generation. We believe our results call for more 

research on concurrent priming in individual idea generation.  

Second, our results show that the concurrent priming of achievement in this manner acts 

primarily through the flexibility pathway. This theoretical pathway leads to more ideas and more 

creative ideas when individuals broaden their solution space, rather than delving deeper within a 

specific category. This finding is important because it suggests that this approach works in a 

manner similar to CSS stimuli providers and many process guides that strive to trigger divergent 

thinking [2, 50, 51]. Thus, situations that are amendable to these forms of CSS should also be 

amenable to concurrent priming with achievement because they share similar theoretical 

foundations. There also may be specific idea generation tasks wherein a broad and flexible range 

of ideas are needed, and other tasks wherein many ideas must be generated in a specific category 

(i.e., perseverance). Priming with achievement may ideally suited for some tasks. Conversely, if 

idea generation tasks that require increased perseverance rather than flexibility, then a different 

priming concept may be required to produce increased perseverance. 

Third, it is difficult to classify this approach as being a CSS stimuli provider or process 

guide. Structurally, it is similar to CSS stimuli providers in that it provides images and works via 
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the flexibility pathway. However, CSS stimuli providers often use stimuli that are task-specific 

and designed to activate task-relevant associations in long-term memory than can be brought into 

short-term memory and used as the building blocks of ideas. In contrast, our approach works by 

using the concept of achievement to change the expectancy of success, and thus acts in a non-

task specific manner. We believe that it is more useful to think of this approach as suggesting the 

development of a new class of CSS called priming stimuli providers.  

Such a classification immediately prompts the question of what other priming concepts 

could be employed. Achievement is a fairly robust concept, having effects on a number of 

behaviors [7], but there are numerous other concepts. For example, a priori priming of the 

concepts of “mindfulness,” “attentiveness,” and “rudeness” have been found to affect behavior 

[6]. Would priming the concept of “creativity” lead to more ideas, or more ideas that are highly 

creative? Could a different prime work through the persistence pathway instead of the flexibility 

pathway, thereby being more appropriate when the idea generation task requires delving deeply 

within a category? Would priming concepts related to the idea generation task improve 

performance (e.g., for the tourism task, water sports, Web advertising, low costs)? Since most 

current CSS work through the flexibility pathway, priming concepts designed to increase 

persistence may have stronger effects when combined with current commercial CSS. We need 

more research to better understand how different priming concepts affect idea generation. 

Fourth, the effects of priming could be bimodal, affecting some individuals but not 

others, because of the underlying differences in their long term memories [17, 28, 70]. However, 

our post-hoc analysis found no such bimodal effects. We believe this calls for more research on 

concurrent supraliminal priming and its effects on individual idea generation. Were the long-

term memories and conceptual schemas of the participants in our study relatively consistent with 



 

33 

 

regard to the concept of achievement and the images we used to prime it? This study was 

conducted on second and third year undergraduates in a business school at a large US state 

university, so their conceptual schema related to achievement could be similar and, thus 

normally distributed. Most of the participants were US citizens, but 30% were international. 

Perhaps a bimodal priming effect would be observed in a more diverse population, or perhaps 

memories and conceptual schema related to achievement are somewhat consistent across 

different cultures at this age. Future research should examine individuals with different 

backgrounds and goals and probe more deeply into their effects on priming for idea generation. 

Fifth, we used images as the concurrent supraliminal priming stimuli. Would other forms 

of stimuli be effective? Priming has often been done with words, but words require cognitive 

processing and thus have the potential to interfere with task performance when presented at the 

same time [74]. However, we know of no research that has investigated this. We need research to 

understand whether concurrent word primes cause sufficient interference to reduce performance. 

There are other sensory modalities that might cause less interference, such as sound or smell 

[70]. Would these alternative delivery methods have the same effects? 

Finally, these implications may extend beyond the CSS realm. Information systems are 

generally easy to reconfigure, so it is possible to incorporating concurrent priming into many 

different information systems. For example, could we prime individuals to be more mindful of 

information security practices? Or prime them to be more satisfied with a system or to be more 

likely to buy products on an ecommerce Web site? Our results suggest that concurrent priming 

may be added to any of these scenarios as there is nothing limiting concurrent priming to idea 

generation tasks. Future research should examine concurrent priming in other information 

systems areas to see where priming can improve productivity, safety, or satisfaction. 
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Implications for Practice  

This study has three implications for practice. First, the finding that concurrent priming 

of achievement improves idea generation suggests that designers of CSS should consider 

incorporating concurrent achievement priming into their software. Unlike the stimuli used in 

other types of CSS stimuli providers, the concept of achievement is task independent. There is no 

need to reconfigure a CSS using achievement priming for different tasks. We implemented 

concurrent priming by displaying the priming images in an unobtrusive window beside the 

window for entering ideas.  

Existing CSS, whether stimuli providers or process guides, could easily implement this 

design by adding a banner at the top or side of the screen that presents achievement-oriented 

images. We used four categories of achievement: (1) winning in sports, (2) personal victory, (3) 

graduation, and (4) awards. These four categories provide a good starting for selecting images to 

include, but are not exhaustive. The CSS could be designed to present a banner that has a set of 

semi-randomized pictures drawn from these four categories or other categories related to 

achievement. These images should change about every 15 seconds throughout the brainstorming 

session and switch among different categories related to achievement (i.e., awards, personal 

victory, etc.) so that two images from the same category do not appear back to back. Software 

developers could also test other images related to achievement to create a CSS that improves 

brainstorming performance and increases creative generation for the organization. 

Second, even before CSS vendors add this to their software, it would be easy for users to 

implement this by opening a new window on their screen (or second screen, as many individuals 

use dual screen computer configurations) and using it to present a slideshow of achievement-

oriented images as they work. This also suggests that individuals wishing to be more creative 
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could change the background images on their screens to display achievement images.  

Finally, organizations could adopt more creative images as background images for their 

standard desktop builds. This would be unobtrusive to most employees, but could provide 

significant benefits in enhanced creativity in all activities employees perform. 

Conclusion 

For decades, information systems research has examined ways to improve creativity with 

technology. Creativity Support Systems typically support the creative process by providing  

information and/or a structured process to help the user take a different perspective on the task 

[34]. Users are guided to change the way they think about the problem. Many commercial CSS 

are available [2]. 

Our research suggests a different approach to CSS design that can significantly improve 

idea generation: a pattern of images displayed as users work. This visual background music 

requires no direct attention by the users and no changes to way users’ work. There is no new 

process to learn. Instead, the images play quietly in the background of users’ cognition, subtly 

influencing them to be more creative.  
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Table 1. Study 1 Means, standard deviations, and results of statistical analyses 

    
Achievement 

Priming 

Neutral  

Priming 

  

F 
  

p-value 

  Measures n Mean Std. Mean Std. df = 1,39 

Number of Ideas 43 15.07 6.50 13.77 5.72 5.44 0.025 

Number of Creative Ideas  43 2.86 2.09 1.93 1.40 7.37 0.010 

Number of Topic Categories (Flexibility) 43 6.63 2.32 5.86 2.04 4.89 0.033 

Number of Ideas per Topic (Perseverance) 43 2.32 0.74 2.40 0.78 0.40 0.529 

 

 

Table 2: Study 2 Means, standard deviations, and results of statistical analyses 

 

Measures 

 

 

n 

Placebo Control Ecological Control 
 

F 

df=  

1,220 

 

p-value Achievement 

Priming 

Control 

Condition 

Achievement 

Priming 

Control 

Condition 

Mean Std. Mean Std. Mean Std. Mean Std. 

Number of Ideas 225 14.30 5.66 13.48 4.80 14.38 5.77 13.70 5.73 4.79 0.030 

Number of Creative 

Ideas 
225 1.54 1.39 1.40 1.28 1.94 2.05 1.38 1.59 

12.45 0.001 

Number of Topic 

Categories (Flexibility) 
225 6.31 2.03 5.95 1.82 6.40 2.22 6.01 2.28 12.49 < 0.001 

Number of Ideas per 

Topic (Perseverance) 
225 2.28 0.63 2.29 0.61 2.30 0.99 2.29 0.66 1.74 0.280 
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Figure 1: Study 1 Histogram of the differences in the number of ideas between achievement 

and neutral priming for each participant with a normal curve superimposed 

 
Figure 2: Study 2 Histogram of the differences in the number of ideas between achievement 

and neutral priming for each participant with a normal curve superimposed 
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