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Abstract
Creativity is needed in almost everything we do. In the process of product
design, it is very important to concept generation in early phases.
Two behavioral studies were conducted to investigate whether environments with
emotional stimuli would influence creativity, and in particular divergent thinking
capacity. The stimuli independently considered were music and pictures. These
stimuli sets had been previously studied by psychologists from a neuroscience
and brain activity viewpoint. It was found that the positive emotional
environments, both auditory and visual, enhanced divergent thinking capacity,
while the negative emotional environments were detrimental. The participants in
the positive emotional environment outscored in the creativity task with over 90
percent statistical significance. In order to begin to search for mechanisms
behind the environmental effects, a meta-analysis, building upon the related brain
imaging findings provided insights from the neuroscience perspective. This
analysis suggested that the brain regions of the dorsolateral prefrontal cortex
(DLPFC), anterior cingulate gyrus (ACC), and anterior insula are active under
both stimuli associated with increased divergent thinking. Future work is needed
to investigate specifically how these brain regions may affect creativity and
design cognition and whether there is an effect of their interactions.

Thesis Supervisor: David R. Wallace
Title: Professor of Mechanical Engineering
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Chapter 1

Motivation

The main and direct motivation for this thesis is that we are interested in finding

out if this environment would influence individual's creative capacity. In a design

team, creativity has been studied to be very crucial in the entire product

development processes (Roy, 1993). The creative brain from individual designer

is the foundation of the design team. There is a study showing that creativity is in

a trend of decline in the U.S. and the U.K., and nearly half of the creative

professionals believe that the level of creativity in their industry have stagnated in

the past 10 years (Groote, 2013). This study also reported that the majority of

the creative professionals said there is not enough time or support at work to

achieve what they wanted and would like more "creative time" and time for

"creative reflection and inspirations". In addition to the working professionals,

researchers found the creativity of young children from kindergarten through sixth

grade in America has been significantly decreasing (Bronson and Merryman,

2010). Hence, a creativity-enhancing environment is not only needed in current

workplaces, but also in school for educational purposes.

Facing the current issues of decline of creativity in overall population, this work

questions how environmental factors can influence creativity as there is no

existing comprehensive study directly investigating the relationships of creativity

and emotional environment from the approaches of behavioral study and

experimental evidence in the realm of neuroscience.

7



Overview

We are interested in creating different environments and investigating if there is

influence of this environment on people's creative capacity. Existing fMRI studies

are introduced and discussed to provide insights from the viewpoint of neurologic

basis. This thesis seeks to explore three questions related to creating such

environments:

"What stimuli might be used to create different environments?

"Do the environments influence creative thinking? "

'"Does empirical brain imaging data related to the environments provide insights
into brain activity that may be conducive to creative thinking?"

Based upon a literature review of studies related to forming environments by

applying emotional stimuli, the author designed two experiments to study the

influence of the emotional environments on individual creativity. The two

behavioralstudies applied emotional music and pictures, respectively, as stimuli

to create this environment. A meta-analysis of associated brain imaging studies

was then made to help explain some of the findings from these two

behavioralstudies and provide insights to explore for future research in this topic.
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The structure of this thesis is as follows:

Chapter 2 provides background and definitions on the topic of creativity,

introduces a commonly used test to measure creativity, and discusses the

importance of this creativity measure in the product development process.

Chapter 3 provides background on the topic of emotion, including the methods to

induce and quantify emotions. It then introduces the definition of priming and

examples of studies on priming with emotional stimuli.

Chapter 4 provides the detailed experiment procedure of the two

behavioralstudies designed for this thesis. Statistical results are then presented

and discussed.

Chapter 5 introduces the background on the topic of neuroscience, including the

brain imaging technology fMRI and brain mapping conventions. It then reveals

the findings from existing fMRI studies on creativity and design cognition as well

as emotions induced by music and picture stimuli, followed by a detailed

discussion on the key brain regions that are active under emotional stimuli that

were associated with higher creativity.

Chapter 6 discusses the implications from analyzing the findings of the

behavioralstudies with the brain imaging data. Limitations of this study and

opportunities for future research are also explored.
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Chapter 2

What's Creativity?

Creativity is any act, idea, or product that changes an existing domain, or

that transforms an existing domain into a new one

-Mihaly Csikszentmihalyi, Creativity - Flow and the Psychology
of Discovery and Invention

Creativity has been defined as the ability to generate or recognize ideas, rules,

patterns, and relationships that may be useful in solving problems. (Franken,

1994). It is a life skill that could be involved in almost everything we do and think,

regardless the professions. For instance, product designers need to think

creatively to come up with new and feasible product ideas. Creativity is important

for teachers to make teaching plans that help the students engaged. Creativity

can lead singers to compose fine and interesting album to keep their fans

entertained. Even for housewives, they often think creatively about completing

their housework more efficiently and make it more manageable and pleasurable.

In addition to individual level, creativity is important at societal level. Successful

development of new technologies, implementation of new inventions, and

revolution of liberal arts all require the collaboration of creative minds. There is a

growing interest in creativity research that includes a number of approaches from

many disciplines, such as neuroscience, psychology, cognitive science,

education, and technology. Moreover, in the realm of product development, there

is a case study revealing that creativity is required throughout the entire product

development process (Roy, 1993). That is to say, creative mind is not only

needed in concept generation for innovative product but also help think flexibly
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about ways to improve the process efficiency, solve detail design problems, and

quickly adapt unforeseen circumstances and challenges.

Measure Creativity

The Test of Divergent Thinking has been most commonly used and

acknowledged to measure individual creativity (Weisberg, 2006 and Fogli, 2012).

This test was first developed by Joy Guiford, an American psychologist (Guiford

et. al., 1954). In contrast to the Test of Convergent Thinking, the Test of

Divergent Thinking asks participants to apply their imagination and think as many

various directions and solutions as possible. There usually isn't one single

correct direction or solution. This test has been recognized to be the most

promising option for the foundation of creative capability (Runco, 2007), and a

number of other creativity tests, such as the Torrance Tests of Creative Thinking,

are based upon it.

One of the most representative forms of the Test of Divergent Thinking is the

Alternative Uses Test, which is to ask the participants to come up with as many

creative uses for an object, such as a brick, paper clip, or spoon, as you can

within certain amount of time. The main sub-categories to measure the divergent

thinking performance include: quantity, variety, and elaboration. The quantity is a

measure of the total number of ideas. The variety represents the number of

disparate ideas or the number of different categories that the ideas belong. The

elaboration measures the level of detail each idea is described. The object to

brainstorm with in the Alternative Uses Test is required to be a common one,

which means that people with different cultural or professional background
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should all have prior knowledge or experience with using this object. The

generality of this task makes it a good candidate for testing creativity to a group

of individuals with good diversity. Therefore, this test was used in the

behavioralstudies of this thesis to measure creativity. Another reason for

choosing this task is that it takes participants less than five minutes to complete,

which is shorter than the average attention span of 5 minutes (Moore, 2008).

Hence, it can help reduce the chance of participants losing interest or attention or

having mental fatigue during the test. In addition, this divergent thinking mind is

important to designers in the early stage of a new product development process,

which is explained in the following paragraphs.

Importance to the Product Development Process

Many process-centered models have been developed for design teams to use as

reference. Just in the field of engineering design, researchers have developed a

number of process models, such as the German VDI 2221 design guideline

(J&nsch and Birkhofer, 2006), the Pahl and Beitz model (Pahl and Beitz, 1996),

and the New Product Development (NPD) Process model (Ulrich and Eppinger,

2012).

Although they are essentially different models from slight different perspectives,

they all have some concepts in common. There is always a divergent phase in

this process, where the design problems and hypotheses are defined and made,

and a number of solutions and alternatives are brought up in this phase and

evaluated. The solutions and alternatives are not necessarily to be very concrete

and detailed. Instead, this phase stresses more on the idea quantity, as there is

study revealed that the greater number of ideas in the early phase would provide
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more options to solve the problems, which would eventually lead to an overall

better quality of ideas (Adanez, 2005). The divergent phase are usually involved

in the early phase of this process, where a good number of rough ideas are

generated before moving into the next stage of concept selection and refinement.

These ideas can be conveyed quickly via hand sketches and simple sketch

models.

Figure 1 shows the NPD model developed by Ulrich and Eppinger. In this model,

the divergent phase corresponds to the first two steps: "Planning" and "Concept

Development". The divergent thinking shares the same emphasis on idea

quantity with the divergent phase of the product development process.

Analogous to the divergent phase in the process model, the divergent thinking is

a process of thinking broadly with constant flow of ideas in different directions,

regardless judgments on the detail or reasoning. Hence, designers with stronger

creativity, particularly divergent thinking capacity, may generate more concepts to

move forward to subsequent steps in the product development processes and

lead to a better final design. Overall, the design team's divergent thinking

capacity can influence the outcome of idea generation in the early phase of the

product development process.

Planning Concept System Detail Testing Production
Design Design Design

Figure 1. New Product Development Process Model
Source: Ulrich and Eppinger (2012)
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Chapter 3

What's Emotion?

Emotion is defined as "a complex state of feeling that results in physical and

psychological changes that influence thought and behavior. It involves three

distinct components: a subjective experience, a physiological response, and a

behavioral or expressive response" by Don Hockenbury and Sandy Hockenbury,

the co-authors of Psychology and Discovering Psychology (Hockenbury 2012).

These three components embody how we experience and feel about the emotion,

how our bodies physically react to the emotion and how we respond to the

emotion in the form of action or behavior, respectively.

There have been a growing number of studies in psychology on emotion and how

emotion makes a difference in specific human behaviors and performance, such

as memories, cognition processing, motivation, decision making etc. (Phelps,

2004; Lemerise and Arsenio, 2000; Chiew and Braver, 2011; Delgado and

Dilmore, 2008). Christie Scollon, an Associate Professor of Psychology from

Singapore Management University, studied the cross-cultural comparisons of

subjective emotional experiences and found that there tended to be differences

of how specific emotions are being experienced by different nations or ethnic

groups (Scollon & Koh & Au, 2011). Hence, research on emotions could help us

better understand others, and vice versa, which would facilitate the

communication with people from different background in the current Era of

Globalization 3.0.
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Over the past decade, Scherer, a specialist in the psychology of emotion,

proposed a more detailed, component process definition of emotion and defined

emotion as "an episode of interrelated, synchronized changes in the states of all

or most of the five organismic subsystems in response to the evaluation of an

external or internal stimulus event as relevant to major concerns of the organism"

(Scherer, 2001). Table 1 presents the correlation of components, subsystems,

and presumed substrata and functions. The components here, in the context of

an emotion episode, represent the corresponding states of the five subsystems.

He stated that regardless of many theorists and psychologists debated over if

emotion and cognition should be treated as two independent systems; they all

admitted that these two systems are closely interacting (Scherer, 2005).

Measurement of Emotion

There is no single method that is accepted to be the gold standard in the field of

psychology to measure emotion. The reason is that the nature of assessing

emotion involves five component processes stated by Scherer above, and a

comprehensive measurement of an emotion would have to be able to somehow

combine all information from assessing these five components into one

simultaneously (Scherer, 2005). In many cases of psychology studies

nowadays, especially those highly controlled experimental paradigms,

psychologists have commonly adapted one method, known as the "two-

dimensional approaches", to obtain and measure human's emotional

experiences.
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Table 1. Relationships between organismic subsystems and the functions and
components of emotion.

Source from Scherer (2001)

Emotion function

Evaluation of objects and
events

System regulation

Preparation and direction
of action

Communication of
reaction and behavioral

intention

Organismic subsystem
and major substrata

Information processing
(CNS)

Support (CNS, NES,
ANS)

Executive (CNS)

Action (SNS)

Emotion component

Cognitive component

(appraisal)

Neurophysiological
component (bodily

symptoms)

Motivational component
(action tendencies)

Motor expression
component (facial and

vocal expression)

Monitoring of intemal Monitor (CNS) Subjective feeling
state and organism- component (emotional

environment interaction experience)
Note: CNS = central nervous system; NES = neuro-endocrine system; ANS =

auto-nomic nervous system; SNS = somatic nervous system.

The "two-dimensional approach" was first explored by Wilhelm Wundt (Wundt,

1905), a German psychologist who is regarded as the "father of experimental

psychology". It is primarily composed of two variables, valence and arousal

(Figure 2). Valence indicates the intrinsic attractiveness (positive valence) or

aversiveness (negative valence) of an event, situation, or object (Frijda, 1986). It

also characterizes specific emotions. For instance, the emotions of joy,
happiness and content have positive valence value, while the emotions of "sad",

"anger", and "fear" have negative valence value. This variable of valence

represents the horizontal x-axis in the model. The y-axis is embodied by arousal,

which means the degree of psychological state of excitation. Humans
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experiencing positive arousal have signs of increasing heart rate and blood

pressure and quick responds and moves, such as the emotions of "alarmed" and

"tense". On the contrary, the emotions of "droopy" and "conscientious" have

negative arousal value. Russell suggested that all emotions could be roughly

located on this two-dimensional model with the range of arousal and valence

values. For example, emotions with positive valence and positive arousal, such

as "delightful", "enthusiastic", and "elated", are located in the upper right corner;

emotions with positive valence and negative arousal, such as "serene" and

"relax", are located in the lower right corner; emotions with negative valence and

positive arousal, such as "angry" and "nervous", are located in the upper left

corner; emotions with negative valence and negative arousal, such as "gloomy"

and "bored", are located in the lower left corner. This "two-dimensional model"

was then further tested, enhanced and renamed as "Circumplex Model of Affect"

by James Russell, shown in Figure 3. He stated the emotions corresponding

valence-arousal dimensions are interrelated in a highly systematic fashion and

these relationships can be represented by a circular spatial model in the two-

dimensional scale (Russell, 1980).

+ Arousal

- Valence + Valence

- Arousal

Figure 2. The two-dimensional emotional space, with valance on the x-axis and
arousal on the y-axis.
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Figure 3. Circumplex Model of Affect
Source: Russell (1980)

Emotion Induction Methods

During the past a couple of decades, there has been increasing number of

studies in the psychology of emotion. For a good portion of the experiments in

this field, the identified subjects are required to be in some specific mood states

according to the interest of the study. Naturally, each individual's personality and

past emotional experience is different, and their emotions are also dependent on

the real-life situations, such as experiences in the happiness of love in attending

weddings or the sadness of loss in attending funerals. Hence, it is almost

impossible to completely be aware of or monitor the emotional experiences of the

18
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subjects, which makes it difficult to implement the psychological studies that have

human emotions involved as a variable (Kucera D, 2012). In order to better

control this variable as well as study the influence of this variable, several

techniques and procedures have been developed and tested for this purposes of

evoking the desired emotional experiences in the subjects in an experimental

environment. These techniques are known as mood induction procedures

(MIPs).

On the site of Swiss Center for Affective Sciences (SCfAS), the Geneva Emotion

Research Group and Kauerova (Kauerova, 2005) classified the basic types of

MIPs as follows:

1) Displaying materials selected for its emotional impact. This is the most

frequently used, and particularly efficient on verbal report and physiology,

such as photographs, movie clips, and music excerpts

2) Imagination techniques. This is questioned with respect to equivalence

between experienced versus recalled/ relieved emotion, such as recall

past emotional experiences and Velten technique, i.e. read emotional

scenarios or emotionally loaded sentences to get into the corresponding

mood

3) Preset interactions, with a computer program or confederate. This is like

"real-life" induction, such as computer games to manipulate appraisals,

wizard-of-Oz experiments (often a feedback on performance), and

interaction with human confederate(s)

4) Facial Expression paradigm. The subjects are instructed on how to

contract and relax different facial muscles to make a frown or a smile face

etc. (in general, latin should be in italics... things like etc, e.g., i.e., et al. to
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induce a negative or positive emotional state (Leventhal, 1980). They

were told the experiment is about measuring muscular activity in order to

conceal the core purpose of this procedure, which is for the purposes of

avoiding biases.

5) Administration of drugs. The subjects are instructed to take safe amount

of epinephrine or a placebo as a mood-inducing drug. The study shows

that this method is effective to induce arousal instead of valence

(Gerrards-Hesse & Spies & Hesse, 1994).

The effectiveness and the corresponding speed rate of MIPs are studied,

compared, and consolidated by Rainer Westermann, Kordelia Spies, Gunter

Stahl, Astrid Gerrards-Hesse and Friederich W. Hesse. Table 2 summarizes

their findings.

Table 2. Comparison between different mood induction procedures (score of 2
means the most recommended, score of -2 means the least favored)

Mood Induction Speed Rate Effectiveness Overall
Procedure (MIP)

Pictures 1 1 2
Movie Clips -1 2 1

Music Excerpts 1 1 2
Autobiographical Recall 0 2 2

Read Stories 0 2 2
Velten Techniques 1 1 2

Drug 1 2 3
Facial Expression 0 -1 -1
Social Interaction -1 -1 -2
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Pictures and Music excerpts were selected as the emotional stimuli to create the

environment for the behavioralstudies. The reason is that these two methods

both have been reported to be effective as mood induction stimuli and they can

be easily applied and executed without any interference by other unpredictable

variable, such as unique personal experiences. In addition, another advantage is

that the cognition in emotion can be instantly evoked by pictures as well as music

(Bigand et. al., 2005). Velten technique, i.e. read emotional scenarios or

emotionally loaded sentences, is also effective in inducing emotions but it

requires all subjects fully understand the core meaning of each word and

sentence. This can be hardly ensured, as the subjects involved have different

cultural background with different native spoken languages. Drug appears to

score the highest in the table above, but it was not applied in this study due to a

number of reasons including willingness and health concerns from the

participants, which makes it harder for recruitment. Therefore, the emotional

music and picture are selected to create the environment for the

behavioralstudies.

Examples of Environment Priming

Priming is a non-conscious form of human memory, which means responses to a

certain stimulus are influenced by experience with the prior related stimulus.

Social psychologists John Bargh and Tanya Chartrand defined priming as the

temporary, implicit activation of behavioral tendencies due to exposure to

environmental stimuli (Bargh and Chartrand, 2000). It is also often referred as a

way to induce experimental subjects, often human beings, to reach specific

emotional states internally just before or while working on a task or action. The
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task or action is usually designed and tested for the interest of measuring

performances associating with cognitive thinking. The subjects are usually

required to be blind of the intention of the task as well as the connection between

the task and the particular set-up with the stimuli.

In the field of social psychology, researchers have studied various simple priming

techniques and their influences on participants' behavior. For example, John

Bargh studied on the effect of activation of the elderly stereotype on behavior.

The participants with language proficiency test pre-screened were divided into

two groups to play word puzzles with two different sets of words. One set is

considered as elderly primed words, such as "lonely", "retired", "grey", and the

other set is the control group with words unrelated to the elderly stereotype, such

as "thirsty", "clean", "private". After the puzzles, the participants assigned to the

elderly primed words walked significantly slower on a hallway than those in the

control group (Bargh et. al., 1996). Another study by Lawrence Williams found

warm and cold physical feelings or experiences made a difference in people's

judgment on a stranger. Before meeting the stranger, participants were

instructed to hold a cup of either iced or hot coffee. The result shows that the

participants assigned with holding hot coffee rated the stranger significantly

"warmer" personality, i.e. generous and caring (Williams and Bargh, 2008).

Researchers also investigated the influence of priming on the behavior of

bystanders and found participants in a prosocial- primed condition were more

willing to help people without self-awareness as bystanders (Abbate et. al.,

2013). Many other studies in this scope of social psychology also indicated that

priming implicitly helped form and influence our behavior.

In addition to the influence on our social life perspectives, priming techniques can

also make a big difference in the field of product design and design process.
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Researchers from the Interdisciplinary Research in Sustainable Design Lab at

IOWA State University investigated the influence of the exposure of

psychological priming stimulus in sensory perceptions and sustainability on

product designers' ability to communicate sustainability. Two priming stimuli

were applied in this experiment: a written questionnaire and a physical placement

collage activity (Figure 4), both of which involved with the core product of a

kitchen sponge with cleaning implements and intentions. The researchers found

that the product designers under the psychological primed conditions showed

stronger ability to generate design features that communicate sustainability to the

customers (She and MacDonald, 2014). Another study stated that the priming of

role-playing, i.e. a scenario-based, semi-realistic settings, helped designers' find

insights of the customer needs that may not be easily accessed intuitively (Eden

et. al., 2002). For designers, the conceptual design process and its associated

environment have considerable impacts on their design outcome. There are more

and more studies nowadays on this design process, such as priming with

questioning (d.school, 2013 and Osbom, 1956) and improvisation (Gerber,

2008), for the purposes of facilitating designers to make new and creative

products.

Besides the early phase of the product design process, the consumer behavior in

the downstream is also implicitly affected by the priming techniques.

Researchers experimented the priming effect of brands and slogans, and found

that the consumer behavior was consistent with what implied by the brands but

opposite to those implied by the slogans (Laran & Dalton & Andrade, 2011). For

instance, participants were more wiling to spend less following the exposure to

the brand name "Walmart" (Figure 5), whose image is closely associated with

good price and saving money. On the contrary, just explicitly exposure to the

Warmart's slogan text "Save Money and Live Better" (Figure 6) caused the

participants willing to spend more money. This could result from the fact that
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slogans are persuasion tactics but brands are not from the point of view of

consumers' perceptions. Another study shows that signing one's name affects

people's purchasing engagement and consumption related behaviors.

Participants were found more willing to spend time researching on the product

domain that they were asked to sign their names on, which acts as a self-identity

prime, before making shopping decisions (Kattle and Haubl, 2011).

Environmental -
Impact

Mel

Noisy Fresh

Bright iclous
Melodious Small

Li e

Beautiful Shape

Fragrant Quiet

Bitter
Disgusting Smoky

Rough Cold Harsh

hHeavRough Hard
Musty

odious

Uo t
00Fresh

Law
-Enviromna

Impact

Hot, Smooth
Hard

Blandl Ugly Shape
B Dim

Dl Ike

Figure 4. Demonstration of the physical placement collage activity output used
for priming designers to help develop product features that communicate

sustainability to the customer

Source: She & MacDonald (2014)
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Wa lmart
Figure 5. Image of Walmart brand

Source: Laran, Dalton, and Andrade (2011)

Save money. Live better
Figure 6. Image of Walmart slogan

Source: Laran, Dalton, and Andrade (2011)
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Chapter 4

Behavioral Study 1: Music

Material

Krumhansl suggests that the emotional state induced by music have been found

to be stronger, more pervasive and durable than those induced through other

means (Krumhansi, 1997). Psychologist Williamson found that the music with

lyrics can activate human's language system and may cause the emotion

perceived more confounding (Williamson, 2012). Hence, in order to avoid this

uncertainty, the music chosen for this study are all pure instrumental music

without lyrics. Prior researchers have conduced experiments to study the

emotional responses to 27 non-lyric western classical excerpts, which were

expected to convey a variety of emotions (Bigand et. aL, 2005). The music

excerpts picked in these studies were not very famous in order to minimize the

chance of evoking any personal back experiences associated with the music.

The researchers then assessed the geometric location of these music excerpts

on the valence-arousal emotional scale through processing the experimental data

by the Multidimensional Scaling technique, a method for analyzing and

quantifying participants' emotional responses via matrices. The detailed

information of these 27 excerpts as well as their corresponding geometrical

locations in the emotional space is presented in Appendix A.

In order to study how creativity may be influenced in environments primed with

music associated with different emotions, i.e. the combinations of different

valence and arousal, we chose five out of the 27 excerpts for inducing five
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different emotional states, which are "positive valence, positive arousal", "positive

valence, negative arousal", "negative valence, positive arousal", "negative

valence, negative arousal", and "positive valence, neutral arousal". For inducing

straightforward emotions from the music excerpts, which are then used for

comparison purposes, the music excerpts selected for this experiment are the

ones with clear positive, negative (or neutral) location in the "two-dimensional

emotion" space. The table presents the basic information of the music excerpts

selected with their corresponding induced emotional states. There is another

control group in this experiment, in which case the participants followed the same

procedure without any music.

Table 3. The information of selected emotional music for the behavioralstudy
Source: Bigand, et al. (2005)

Valence Arousal Index
Number

Positive Positive 1

Positive Negative 2

Negative Positive

Negative Negative

Positive Neutral

3

Representative
Emotions

Elated, Delightful

Serene, Relaxed

Fear, Nervous

4 Bored, Fatigued

5 Happy, Pleasant

Information

L. Beethoven. Symphony
7, Vivace

R. Schumann.
Trakumerei, op. 15, no.

7.

F. Liszt. Tasso Lamento
& Triomfo

R. Wagner. Tristan, Act 3

W.-F. Bach. Duetto for
two flutes in G, Allegro.
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Apparatus

The participants were tasked to do the Alternative Uses test for three minutes

while listening to the music. The five music excerpts selected to use were taken

from commercial compact disk (CDs). The volume of these excerpts was

adjusted to be consistent, so that the subjects would hear music with uniform

loudness regardless of what music they would be assigned with. The files were

converted into MP3 format, which is compatible with the Java program designed

for this experiment. This Java program is designed to ensure a smooth flow of

this experiment and avoid multiple complex items and steps distracting

participants' attention. It is composed in a fashion to be able to randomly read

one music file out of the five candidates and play this excerpt in the background,

while the screen only shows a timer counting down from three minutes. The

participants can activate this program and start working on the task by simply

clicking on a "START" button displayed on the screen after they finish all

preparation works needed prior to the experiment. When the Java program

finishes the three-minute countdown, the screen would show the text of "Time's

Up! STOP :)" to prompt participant to stop working. The experiment interface of

the Java program is shown in Figure 7 to Figure 9, and the Java code is attached

in appendix B. The headphones used for participants to listen music are a set

with noise-isolating feature to muffle the noise from ambient environment.
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Start

Figure 7. Screen interface of the START button

02 59

Figure 8. Screen interface of the three-minute countdown timer
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Time's UpI STOP:)

Figure 9. Screen interface of the STOP prompt:

Participants

The participants recruited were mostly the students with design experience at

MIT in the engineering and architecture departments. Recruitment was

conducted through a variety of channels, such as personal networking, online

social networking (Facebook, Twitter, Renren, Sina Weibo), and email. The

recruitment emails were sent to MIT mechanical engineering department as well

as the relevant personnel in other departments. Besides recruitment at MIT, the

participant pool also includes students with design experiences from Rensselaer

Polytechnic Institute, Stanford University, Imperial College London, Nanyang

Technological University, Tsinghua University, Peking University, Dalian Maritime

University. There was no monetary incentive provided due to following reasons.

First, the experiment only lasted three minutes and the content itself (and the

promotion slogan of "Creativity Related Survey") generally can bring up people's
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curiosity, interest, and motivation. Second, researchers in Philosophy and

Bioethcis suggested monetary incentives in human subject research, in some

instances, could be problematic and cause ethical issues, and voluntary

participation has the fewest problems or biases associated with it (Grant and

Sugarman, 2004). Third, the monetary incentive itself could cause bias, because

everyone has different financial status and the same dollar amount could mean

differently from one person to another. Hence, all subjects participated are

consenting to the terms of this study out of their own free will without monetary

incentives.

Procedure:

The participants completed the experiment in accordance with a structured

workflow, which is illustrated in Figure 11. First, they were asked to sign up for a

time slot if they have an expected available time to participate rather than right at

the moment, and then consented to the terms of this study. For environment

control purposes, the experiment was conducted with one person at a time. The

entire set of apparatus was fully checked before each participant walked in to

ensure consistent experimental set-up every time. Once the participants arrive,

an instruction sheet, shown in Appendix C, was provided. They were asked to

carefully read through it and come up with any questions or concerns before

start. To ensure an authentic experiment without bias, the participants were not

told about the original intention of this study and the fact that there were five

music excerpts, one of which would be randomly selected behind the interface.

After they fully understood the instruction, they were prompted to put the

headphones on and then click the "START" button to begin the task. They were
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allowed and encouraged to complete the task by using the language they are

most proficient with. Once the Java program finished the three-minute countdown

and showed "Time's Up! STOP :)" on the screen, the participants were required

to put down the pen and take off the headphones and flip to the back of this page

to complete a brief background information survey. Subsequently, they were

provided the opportunity to give general feedback on the task as well as the

music played. This is also a chance for the experiment conductor to confirm the

authenticity of the result. The participates were then thanked for their time and

asked not to reveal any information about this experiment to others who had not

completed yet. The music excerpt played was marked by referring to the

Console Window of Eclipse in the end, shown in Figure 10.

Problems l Javadoc Declaration Q Console N X

<terminated> Stopwatch Ijava Application) /System fLUbrary/Java/JavaVirtualMachines/ L.6.0jdk/Contents/Home /bin/j
Playing 1

Figure 10. The Console Window of Eclipse
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Sign Up

Consent

Read Instruction

Start Task

3 Min Working Time

Stop Task

Background Survey

Feedback

Figure 11. Participant workflow

Result & Discussion:

Overview of participant sample

Participants completed a brief background survey after the experiment, including:

name, gender, ethnicity and the acquaintances with the music assigned. In the

cases that participants were not willing to provide their names due to various

reasons, the information of gender, ethnicity, and the acquaintances with the

music were recorded. There are 125 participants recruited for this experiment, in

which 122 responses were valid. The six different groups, five groups with

different emotional music and a control group with no music at all, shared fairly

even population through the randomization of the Java program, with the
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maximum of 25 and minimum of 18 participants. Out of the entire population, 73

are male and 49 are female. There is no significant difference in gender

representation among these six groups. The participants are mainly composed

of two ethnicity groups: Asians and Caucasians. About 50 percent of the

population is Asian, 40 percent of Caucasian, and the rest of 10 percent consists

of African American, African, and Hispanic. There is no significant difference in

the distribution of ethnicity representation among the six groups versus the entire

population. The participants who responded to be very acquainted with the

music were flagged. Those flagged were then asked about their experiences

with the music to evaluate the accountability of their responses. For instance,

one participant was assigned with a music that evoked her complex personal

back experience, in which case her result was discarded. The population

excluded one case with computer problem that the music stopped in the middle

of the task reported by a participant.

Statistical Test Methods

Kruskal-Wallis Test

The Kruskal-Wallis (KW) Test can be used in this study to compare three or more

samples and test if all the sample medians have the same distribution function. It

is the non-parametric analogue to the one-way analysis of variance (ANOVA), i.e.

the sample data points are independent from one another and the populations

are not required to be normally distributed. The other properties of this test that

make this test more suitable include: the sample sizes do not have to be the

same, and the variances do not have to be equal. When the test result turns out

to be significant, e.g. p-value <0.05 or 0.1, it indicates there must be at least one
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of the samples comes from different populations. For a more detailed

comparison between two specific group samples, the bootstrap resampling test

was used.

Bootstrap Resampling Techniques

Bootstrap resampling techniques can be used to compare the performance

between different groups. It belongs to the big class of resampling method,

which helps to determine the value of a parameter of a population. This

underlying parent population usually has a size that is too expensive in terms of

money and time to collect or impossible to assess analytically. Bootstrap

resampling, different from other resampling techniques like jackknife resampling,

estimates the parameter by drawing randomly with replacement from the original

set of population to create a new set of sample and then iterate this same step a

number of times to create many new sets (in the range of thousands to millions).

The drawing with replacement concept requires the size of the resampled set

equal the size of the original population but allows the bootstrapped samples to

be not identical to the initial population, which means that some values might be

duplicated and some might be omitted. The parameter, a.k.a. estimator such as

the average number of ideas generated, is computed for each bootstrap

resampled set. The distribution of the estimators across the bootstrap resampled

populations provides an indication of both the mean and confidence interval for

this metric.

Bootstrap resampling techniques were mostly used to compare one group to

another in this study. For instance, to compare the two groups' performance in

terms of average number of ideas - the quantity, ten thousand sets were

generated by applying the bootstrap method for each group. Within each set, the

average was computed across each resampled set, and there would be ten
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thousand values of average number of ideas for each group. Then, the values of

the average number of ideas from the first group were subtracted by those from

the second group, and the results of the subtraction, i.e. the differences, would

also consist of ten thousand numbers. These differences can be plot in a

histogram, which is approximately a Gaussian distribution for most of the time.

The value of zero for the difference would mean that the average number of

ideas from two groups is the same. Hence, when the value of zero is located

close to the center of the histogram, it indicates roughly half of the bootstrap

resampled sets of the first group outperform while the other half underperform

those of another group. In other words, there is no significant difference in terms

of the quantity of ideas between the two groups. The closer the value of zero is

located at either tail of the distribution, the higher likelihood that there is a

significant difference between the two groups.

Idea Quantity

Previous studies have found that the more ideas generated, the more options to

solve a problem, which lead to an overall better quality of ideas (Adanez, 2005).

In other words, the quantity of ideas is positively correlated to the quality of ideas.

The quantity of ideas for each emotional music group was assessed and

compared with one another to see if there is any significant difference between

any groups.

The Kruskal-Wallis (KW) test was applied first to see generally if there is

evidence showing any of the groups have significant differences from the rest of

the whole population. The null hypothesis is that the samples come from the

populations that there is an even chance a randomly selected sample from one

group has either greater or smaller number of ideas than a randomly selected
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sample from another group. Hence, the associated alternative hypothesis is that

there is a higher or uneven probability that a randomly selected sample from one

group comes up with either more or less ideas than a randomly selected sample

from another group. Table 4 depicts the result from performing this test. The p-

value, which means the probability of getting a statistic as extreme or more

extreme than a specified value of the null hypothesis that is zero in this case, is

0.0832. It is between 0.05 and 0.1, the two conventional values representing 95%

confidence interval and 90% confidence interval, respectively. It means that we

are more than 90% but less than 95% confident to reject the null hypothesis. In

other words, intuitively speaking, the KW test implies we are more than 90% but

less than 95% confident there is at least one sample group comes from a

different population.

Table 4. The KW Test for idea quantity among the five music environment
groups and control group

Source SS Df MS Chi-sq P-value > Chi-sq

Groups 12023.7 5 2404.74 9.73 0.0832
Error 137458.8 116 1184.99
Total 149482.5 121

In addition, the KW test also output a boxplot, which shows the distribution of the

idea quantity of the six groups, presented in Figure 12. This boxplot shows the

median value, depicted as the red line in the middle of each box, and the

interquartile range is shown as the extent of the blue box. The KW test in this

figure shows that the samples listening to Music 1 and Music 5 are the better

performing groups from referring to the median values, both of which even

outperform the 75e percentile value of samples listening to Music 4. In other

words, half of the samples listening to Music 1 and Music 5 generated more

ideas than the top 25% of those listening to Music 4. Moreover, the lower 25%
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percentile values of both the Music 1 group and the Music 5 group are greater
than the median value of the Music 4 group. These findings provide a hint of the
significant differences in the subsequent bootstrap-resampling test, particularly
for the comparison between Music 1 group and Music 4 group as well as Music 5
group and Music 4 group.
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Five Music Groups and a Control Group
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Figure 12. The

Music 3 Music 4

Kurskal-Wallis Test on

Music 5

idea quantity

In order to confirm the thoughts stemmed from the KW test, the bootstrap

resampling technique is applied to make the comparison between one group and

another for all the fifteen combinations paired up from these six groups. It is used

specifically to investigate if there is a relationship between the emotional music

environment and the quantity of ideas. The null hypothesis for this test is: the

result that the differences between the mean quantity of ideas from the two

38

CO)cc

.o
E
z

Control



bootstrapped populations are zero is randomly observed, i.e. centered in the

histogram distribution after numerous numbers of runs, like ten thousand times

used in this study. In other words, the null hypothesis implies that the two

populations bootstrap-resampled from the two original samples, respectively,

essentially come up with the same number of ideas in average. The alternative

hypothesis states that there is a difference between the mean of the idea quantity

generated by the two populations. Table 5 shows the result of the means of the

idea quantity for all six groups from the original experiment with the

corresponding emotional music environment labeled. Table 6 presents the

differences of these mean values, with row variable minus column variable. The

procedures for applying bootstrap resampling method as well as data analysis

were described previously. The test output a histogram presenting the

distribution of the bootstrapping result. For example, the result of comparing the

Music 1 group to the Music 2 group is illustrated in Figure 13, with p-value

depicted at the upper right corner, a red line and two green lines representing the

null hypothesis mean and the 95 percent confidence interval, respectively. The

histogram can first be used as a quick check for the validity of the bootstrap

technique by checking if the actual mean also locate roughly at the center of the

distribution. That is to say, Table 6 shows the difference of the actual mean

quantity between the Music 1 group and the Music 2 group is 1.1, and the value

1.1 is also located fairly centered in the distribution as well as between the two 95

percent confidence interval vertical lines. To test the significance of the

differences between groups, 95 percent confidence interval (p-value of 0.05) is

the most conventional choices as the threshold. Some other common choices

include 90 percent confidence interval (p-value of 0.1) and 99 percent confidence

interval (p-value of 0.01). The p-value indicates the likelihood that the null

hypothesis is true, which means there are no differences between the means of

the quantity of the ideas generated between the two groups. The p-value of

0.1654 in Figure 13 is greater than 0.1, which means we cannot reject the null

hypothesis and the difference of the mean quantity of ideas between the Music 1
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group and the Music 2 group is not significant. In addition, we can also double

check to confirm this statement visually, as the line of null hypothesis mean is

within the range of the lines of 95 percent confidence interval. On the contrary,

as an example, Figure 14 indicates that the difference between the Music 1

group and the Music 4 group is statistically significant with a p-value smaller than

0.05, and the line of null hypothesis mean lays outside of the 95 percent

confidence interval lines.

Table 5. The mean quantity of ideas

Group Music 1 Music 2 Music 3 Music 4 Music 5

Valence Positive Positive Negative Negative Positive Neutral
Arousal Positive Negative Positive Negative Neutral Neutral

Mean 7.32 6.22 6.3 4.78 7.52 6.63

Table 6. The differences of the mean idea quantity (row variable minus column
variable)

Group Music 2 Music 3 Music 4 Music 5 No Music
Music 1 1.1 1.02 2.54 -0.2 0.69
Music 2
Music 3
Music 4
Music 5

-0.08 1.44
1.52

-1.3
-1.22
-2.74

-0.41
-0.33
-1.85
0.89
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Figure 13. The bootstrap comparison between music 1 and music 2 on idea
quantity
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Figure 14. The bootstrap comparison between music 1 and music 4 on idea
quantity
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Table 7 summarizes the results of the p-value generated from iterating the

bootstrapping analysis process described above for each two-group comparison,

with row variable versus column variable. We can see that the significant

differences exist in the comparisons of the groups of Music 1 and Music 4, Music

3 and Music 4, Music 4 and Music 5, Music 4 and the control with respect to 95

percent confidence interval. The p-value of comparing the Music 4 group to the

Music 2 group is 0.0695, also fairly close to 0.05, which means we are also fairly

confident there is a significant difference. Hence, it can be concluded that

quantity of ideas generated from the Music 4 group, both negative in valence and

arousal, is significant smaller than the other groups. This result indicates that the

music with both negative valence and negative arousal has negative influence on

idea generation. In order to investigate the impact of valence and arousal

respectively, we can first look at the effect of valence. Based on the results from

Table 6 and Table 7, two positive valence groups Music 1 and Music 5 come up

with more ideas than the negative valence groups with at least 85 percent

confidence and the control group with over 70 percent confidence. The Music 2

group has almost a tie with the Music 3 group and slightly less than the control

group without strong statistical significance. Hence, we can see a positive

correlation between the valence and the idea generation quantity. For arousal,

Music 5 with neutral arousal has the greatest number of ideas, followed by Music

1 then the control group, and Music 2 and Music 3, and there is no clear trend

seen based on the ranking with respect to arousal. However, within same

valence groups, Music 1 and Music 3 outperform Music 2 and Music 4

respectively with at least 83 percent confidence, which implies the arousal may

have a small influence on the idea generation but not as dramatic as the valence.

As a result, this study indicates that there is a stronger correlation between the

quantity of idea generated and valence, rather than arousal.
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Table 7. The p-values of the null hypothesis test on idea quantity

Group Music 2 Music 3 Music 4 Music 5 No Music
Music 1 0.1654 0.1509 0.0051 0.4094 0.2838
Music 2 0.4461 0.0695 0.1143 0.3510
Music 3 0.0409 0.0902 0.3514
Music 4 0.0032 0.0362
Music 5 0.2198

Idea Variety

The variety of idea is an indicator of how well the solution space is explored. The

higher number of similar ideas would contribute to an overall higher quantity, but

it would not influence the variety of idea. In the field of product design, Dylla

showed that there is a significant correlation between the solution space explored

and the quality of the final idea as well as the final product (Dylla, 1991). The

variety of idea for each group with emotional music environment was assessed

and compared with one another to see if there is any significant difference in

between.

The Kruskal-Wallis (KW) test was again applied first to see generally if there is

evidence showing any of the groups have significant differences from the rest of

the whole population. The null hypothesis is that the samples come from

populations such that there is an even chance a randomly selected sample from

one group has either more or less disparate ideas than that from another group.

Hence, the associated alternative hypothesis is that there is one group that has

significantly different performance with respect to idea variety than the rest of

whole populations. Table 8 depicts the result from performing this test. The p-

value is 0.198, which is slightly less than 0.2. It means that we are a little more

than 80 percent confident to reject the null hypothesis. In other words, intuitively
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speaking, the KW test implies we are more than 80 percent confident there is at

least one sample group coming from different populations regarding the variety of

idea.

Table 8. The KW Test for idea variety among the five music environment groups
and control group

Source SS df MS Chi-sq P-value > Chi-sq
Groups 9025.2 5 1805.04 7.32 0.198

Error 140188.8 116 1208.52
Total 149214 121

The boxplot output from the KW test shows the distribution of the idea variety of

each of the six groups, presented in Figure 15. It shows that the Music 5 group

are the better performing groups by looking at the median value, which

outperforms the 75 ' percentile value of music 4. In other words, half of the

participants listening to Music 5 generated more disparate ideas than the top 25

percent participants listening to Music 4. Moreover, the lower 25 percent

percentile values of the Music 5 group are greater than the median value of the

Music 4 group. These findings provide a hint towards a significant difference for

the comparison of the group of Music 5 and Music 4, which will be demonstrated

in the following bootstrap resampling analysis.

44



14

12

10

8

6

4

2

Five Music Groups and a Control Group
I I I

+ -I--

-~ I
t I
I -
I I I

I I
I I I

/
I 1 72

~ / \ I / -
/ 1 1

I / I

I / \-
__ I

Music 1 Music 2 Music 3 Music 4 Music 5 Control

Figure 15. The Kurskal-Wallis Test on idea variety

The bootstrap resampling technique is applied again here to make the

comparison between one group and another for all the fifteen combinations

paired up from these six groups. It is used to specifically investigate the

relationship between music groups corresponding different emotional states and

the variety of idea from each of the group. The null hypothesis for this test is that

the two populations bootstrap resampled for the two groups, respectively,

essentially come up with the same number of disparate ideas in average. The

alternative hypothesis states essentially that there is a difference between the
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mean of the variety of idea generated by the two populations bootstrap

resampled for the two groups. Table 2 shows the result of the mean variety of

ideas for all six groups from the original experiment with the corresponding

emotional state labeled. Table 3 presents the differences of these variety means

for all different two-music combinations, with the row variable minus the column

variable. The test output a histogram presenting the distribution of the

bootstrapping result for each paired music combination. For example, Figure 16

represents the result of comparing Muisc 4 to Music 5, with the p-value of 0.0094

that is smaller than 0.05, which means we are 95 percent confident to reject the

null hypothesis and the difference of the mean variety of ideas between Music 4

and Music 5 is significant. This figure also enables us to check our conclusion

visually, as the line of null hypothesis mean is laying outside of the two lines of 95

percent confidence interval.

Table 9. The mean variety of ideas
Music 1 Music 2 Music 3 Music 4 Music 5 No

Music
Valence Positive Positive Negative Negative Positive Neutral
Arousal Positive Negative Positive Negative Neutral Neutral
Mean 6.32 5.72 5.9 4.5 6.56 5.47

Table 10. The differences of the mean idea variety (row variable minus column
variable)

Group Music 2 Music 3 Music 4 Music 5 No Music
Music 1 0.6 0.42 1.82 -0.24 0.85
Music 2
Music 3
Music 4
Music 5

-0.18 1.22
1.4

-0.84
-0.66
-2.06

0.25
0.43
-0.97
1.09

Group
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Table 11 summarizes the results of the p-value generated from iterating the

bootstrapping analysis process described above for each two-group comparison,

with row variable versus column variable. We can see that the significant

differences, regarding the variety of idea, exist in comparison of Music 1 and

Music 4, Music 3 and Music 4, Music 4 and Music 5 with respect to 95 percent

confidence interval. The p-value of comparing Music 4 to Music 2 is 0.088, which

means we are 90 percent confident there is a significant difference. Hence, it
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can be concluded that variety of idea generated from the Music 4 group, both

negative in valence and arousal, is significant smaller than the other groups.

This result indicates that the music with both negative valence and arousal in the

emotional space has negative influence on exploring the solution space

measured by the variety of ideas. In order to investigate the impact of valence

and arousal respectively, we can first look at the effect of valence. Based on the

results from Table 10 and Table 11, the two positive valence groups Music 1 and

Music 5 come up with more disparate ideas than the negative valence groups

with at least 70 percent confidence and the control group with over 80 percent

confidence. These confidence levels are lower than those for the measure of

idea quantity. The Music 2 group has slightly less disparate ideas than the Music

3 group and slightly more than the control group without strong statistical

significance. Hence, we can see a positive correlation between the valence and

the explored solution space measured by the variety of ideas, but this correlation

is not as strong as that for idea quantity. For arousal, the Music 5 group with

neutral arousal has the greatest number of ideas, followed by Music 1 then the

control group, and Music 2 and Music 3, and there is no clear trend seen based

on the ranking with respect to arousal. However, within the same valence

groups, Music 1 and Music 3 outperform Music 2 and Music 4 respectively with at

least 69 percent confidence, which implies that the arousal may have a small

influence on coming up with disparate ideas but not as dramatic as the valence.

As a result, this test indicates that there is also a stronger correlation between the

variety of idea generated and valence, rather than arousal.

Table 11. The p-values of the null hypothesis test on idea variety
Group Music 2 Music 3 Music 4 Music 5 No Music

Music 1 0.2884 0.3189 0.0181 0.3826 0.1913
Music 2 0.4116 0.0880 0.1969 0.4151
Music 3 0.0368 0.2024 0.3103
Music 4 0.0094 0.1299
Music 5 0.1362
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Elaboration

The elaboration of idea is the third measure of the idea generation performance.

It indicates the level of details and depths of each idea. In addition to idea

quantity and variety, being able to think deeply into ideas and come up with

suitable reasoning in detail is also very important in early idea generation stage

of product design and development. The elaboration of ideas for each affective

music group was assessed and compared with one another to see if there is any

significant difference between any groups.

The KW test was applied first to see if there is any evidence showing any of the

groups have significant differences from the rest of the population. The null

hypothesis is that all the samples come from populations that there is an even

chance a randomly selected sample from one group elaborates the ideas either

more or less than that from another group. The alternative hypothesis is that one

of the sample groups has significant different performance on idea elaboration

than the rest of the whole populations. Table 12 depicts the result from

performing this test. The p-value is 0.1609, which is less than 0.2. It means that

we are at least 80 percent confident to reject the null hypothesis. In other words,

the KW test implies we are more than 80 percent confident that at least one

sample group have significantly different performance regarding the variety of

ideas.

Table 12. The KW Test for idea elaboration among the five music environment
groups and control group
Source SS df MS Chi-sq P-value > Chi-sq
Groups 9723.1 5 1944.61 7.92 0.1609
Error 138892.4 116 1197.35
Total 148615.5 121
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The boxplot output from the KW test shows the distribution of the idea

elaboration of each of the six groups, presented in Figure 17. It shows that the

Music 4 group is the better performing group from referring to the median value,

which outperform the 75 1h percentile value of the Music 2 group. In other words,

half of the participants listening to Music 4 better in elaborating ideas than the top

25 percent participants listening to Music 2. Comparing Music 1 and Music 2,

which have similar shape in the boxplot distribution, it looks like that Music 1 is a

shift-up version from Music 2. These findings provide a hint of some significant

differences, which will be demonstrated in the following bootstrap resampling

analysis.
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Figure 17. The Kurskal-Wallis Test on idea elaboration

The bootstrap resampling technique is applied again here to make the

comparison between one group and another for all the fifteen combinations
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paired up from these six groups. It is used to specifically investigate whether

there is a correlation between the emotional music groups and the elaboration of

idea. The null hypothesis for this test is: the result that the differences between

the mean elaboration of ideas from the two bootstrapped populations are zero is

randomly observed the two populations bootstrap resampled for the two groups,

respectively, essentially elaborate their ideas equally in average. The alternative

hypothesis states essentially that there is a difference between the mean of the

elaboration of idea generated by the two populations bootstrap resampled for the

two groups. Table 13 shows the result of the mean elaboration of idea for all six

groups from the original experiment with the corresponding emotional states

labeled. Table 14 presents the differences of these elaboration means for all

different two-music combination, with row variable minus column variable. The

test output a histogram presenting the distribution of the bootstrapping result for

each paired music combination. For example, Figure 18 represents the result of

comparing the Music 1 group to the Music 2 group, with the p-value of 0.0399

that is smaller than 0.05, which means we are 95 percent confident to reject the

null hypothesis and the difference of the mean elaboration of idea between the

Music 1 group and the Music 2 group is significant. This figure also enables us to

check our conclusion visually. The red line is fairly close to the green line on the

left, which covers only half of remaining portion, i.e. 1h of 5 percent is 2.5 percent,

from the left tail. Hence, this figure implies that we can expect that almost 97.5

percent of the time, Music 1 group would elaborate more on ideas than Music 2.

Table 13. The mean elaboration of ideas

Group Music 1 Music 2 Music 3 Music 4 Music 5 No
Music

Valence Positive Positive Negative Negative Positive Neutral
Arousal Positive Negative Positive Negative Neutral Neutral

Mean 5.41 3.94 4.35 5.39 5.28 4.79
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Table 14. The differences of the mean idea elaboration score (row variable
minus column variable)

Group Music 2 Music 3 Music 4 Music 5 No Music
Music 1 1.47 1.06 0.02 0.13 0.62
Music 2 -0.41 -1.45 -1.34 -0.85
Music 3 -1.04 -0.93 -0.44
Music 4 0.11 0.6
Music 5 0.49

Music 1 vs Music 2

mean

1000 F

800 I

600[F

400 -

200[

-2 -1 0 1 2 3
Difference Between Means

p-value = 0.0399

4 5

Figure 18. The bootstrap comparison between music 1
elaboration

and music 2 on idea

C

ci)
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Table 15 summarizes the results of the p-value generated from iterating the

bootstrapping analysis process described above for each two-group comparison,

with row variable versus column variable. We can see that the significant

differences, regarding the elaboration of ideas, exist in comparison of Music 1

and Music 2, Music 2 and Music 4, Music 4 and Music 5 with respect to 95

percent confidence interval. The p-values of comparing Music 1 and Music 3,

Music 3 and Music 4, and Music 3 and Music 5 is between 0.05 and 0.1, which

also indicates that we are 90 percent confident there are significant differences.

The Music 1 and Music 4 are the best performing groups in elaboration, followed

by Music 5, Control and Music 3. Music 2 has the least elaboration ratings.

From this ranking, there is no clear correlation found from looking solely at either

valence or arousal with respect to the performance of idea elaboration. The

worst two groups are Music 2 and Music 3, both of which have opposite valence

and arousal ratings, i.e. positive valence and negative arousal for Music 2;

negative valence and positive arousal for Music 3. Hence, we can speculate that

the correlation between emotion and idea elaboration may not be simply

accounted by one parameter of emotion. The interaction between valence and

arousal together may play a role in this.

Table 15. The p-values of the null hypothesis test on idea elaboration

Group Music 2 Music 3 Music 4 Music 5 No Music
Music 1 0.0399 0.0662 0.4961 0.4441 0.1994
Music 2 0.2791 0.0489 0.0466 0.1290
Music 3 0.0879 0.0833 0.2421
Music 4 0.4624 0.2304
Music 5 0.2635
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Behavioral Study II: Pictures

Material

The International Affective Picture System (IAPS) is a database of color

photographs that are emotionally evocative with a variety of semantic categories.

This database was developed by the National Institute of Mental Health Center

for Emotion and Attention (CSEA) at the University of Florida (Bradley and Lang,

2007). It contains over one thousand pictures, which mostly are good

representation of daily experiences, such as a regular landscape of a sunny day

to extreme cases of severely injured people. These pictures all show

straightforward content, which human subjects are familiar enough to be evoked

a variety of emotions. Over 13 years of experimental study, CSEA has

consolidated the data from human subject ratings, which include the two primary

dimensions: valence and arousal on these emotional pictures (Lang et al., 2008).

The ratings are rescaled by shifting to all positive values in a 9-point rating scale

for each dimension, i.e. 9 representing the highest rating and 1 representing the

lowest rating. The lAPS has facilitated a number of physiological and

neurological studies in emotion and it also have been widely used as the

emotional picture stimuli in brain imaging studies in emotion by the fMRI

technique.

Based on the emotional rating, we have selected a diverse category of pictures

for each emotion, such as animals, human portraits, daily objects, food etc. The

lAPS materials cannot be shown in any media outlet, publications or reports as

part of their terms-of use. However, a written description of the pictures selected

from this database are listed in Appendix D.
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Apparatus

A regular office cubicle space, with cubicle boards enclosed around the sides,

was used for this experiment. The environment around the space was quiet with

minimal distraction, as shown in Figure 19. After the entire area was cleaned up,

the emotional pictures that are rated as positive and negative in valence,

respectively, from the lAPS database were sorted by emotional valence ratings

and composed into poster collages through using Photoshop. They were then

printed out in white satin poster paper by a plotter for the sake of image quality

and pinned on the front and side cubical board and a sidewall. The

arrangements of picture allocation were sorted in a fashion that shows a good

mix of content covering wide range of arousal rating within each emotional

valence. In addition, a poster collage was attached on the surface of a cabinet

on the back of the seat. Furthermore, a clear desk pad was put on top of the

desk and a poster collage were put underneath this clear pad as well to reinforce

the evocation of the emotions in this environment. The poster collages posted on

the sidewall, side cubicle board and underneath clear desk pad are in size of 35

by 19 inches, with six pictures in landscape orientation arranged by two rows and

three columns. An example of this poster collage is shown in Figure 20. The

poster collage on the front cubicle wall is in size of 46 by 10.5 inches, with four

pictures in landscape orientation arranged by one row and four columns. The

poster collage on the back is in size of 24 by 19 inches, with four pictures in

landscape orientation arranged by two rows and two columns. In order to make

this environment look naturally like a regular workspace and further reinforce the

evocation of the emotions, a screen with a computer was placed on one side of

the desk. A computer was set to sleep mode with the lid closed. A screen,

connected to the computer, constantly showed the screensaver with emotional

pictures from the lAPS. A counting-down app was downloaded to an iPad, which

was used as a timer to show the time left for the experiment. Though this
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environment is very quiet, a set of headphones with noise-isolating feature, which
were connected to the iPad, was used to avoid the any possible sound from
surrounding.

Figure 19. The cubicle space before decoration

Figure 20. An example of poster collage of positive valence emotional pictures
(note: these are similar pictures from the internet, because the original lAPS
materials are not allowed to publicize in any media outlets, publications or

reports)
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Participants:

The participants recruited were mostly the students with design experiences at

MIT in the engineering and architecture departments. A good portion of this

population was sampled from the current students in the Product Design class

(2.744) at MIT. In addition, the recruitment was conducted through other

channels, like personal networking, online social networking (Facebook, Renren

etc.), and email. Same as the music experiment, there is no monetary incentive

provided. Hence, all subjects participated are consenting to the terms of this

study out of their own free will.

Procedure:

The participants completed the experiment in accord with a structured workflow,

which is illustrated in Figure 11. First, they were asked to sign up for a time slot if

they have an expected available time to participate rather than right at the

moment, and then consented to the terms of this study. For environment control

purposes, the experiment was conducted with each participant at a time and only

one participant was allowed to be present in the office cubicle area. The entire

set of apparatus was fully checked before each participant was guided in to

ensure consistent experimental set-up every time. Once the participants arrive,

an instruction sheet, shown in Appendix A, was provided. They were asked to

carefully read through it and feel free to ask questions or concerns before start.

The questions related to the experimental set-up or the objectives of this study

were excluded. Once they fully understood the instruction, they were asked to

follow the instruction to proceed to put on the headphones, press on the

"START", and immediately start working on the task. They were allowed and

encouraged to complete the task by using the language they are most proficient
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with. Once the three-minute working time is up, the timer would prompt the

participants to stop by a couple of beeps through the headphones.

Subsequently, they were provided the opportunity to give general feedback on

the task. This is also a chance for the experiment conductor to confirm the

authenticity of the result The participates were then thanked for their time and

asked not to reveal any information or discuss with others regarding this

experiment. Lastly, the participants were asked to flip the instruction sheet and

fill out the background information, i.e. name, gender, and ethnicity.

Result & Discussion:

Overview of participant sample

Participants completed a brief background survey after the experiment, including:

name, gender, and ethnicity. There are 43 participants recruited for this

experiment, in which 42 responses were valid. The people that participated in

the music experiment before were not invited. One response from the

participant, who suffered both health problem and mental stress, was excluded.

The 42 valid participants are divided evenly into positive and negative picture

groups. The two sets of emotional poster collage were swapped on a daily basis

for the purposes of assigning participants in a fashion as random as possible.

Out of the entire population, 27 are male and 15 are female. For the ethnicity, 50

percent of the populations are Asians, 40 percent of Caucasians, and 10 percent

of Hispanics and African Americans. There is no significant difference in the

distribution of ethnicity or gender representation in the two emotional picture

groups.
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Idea Generation Performance

Same as the statistical analysis methods used for the music experiment, the

bootstrap resampling technique is applied to make the comparison between the

two picture groups for the quantity, variety and elaboration of ideas. It is used to

investigate if there is correlation between the emotional valence of the picture

environment and idea generation performance. The null hypothesis for this test

is: there is no significant difference in idea generation performance between the

two populations. The alternative hypothesis for this test is: there is a significant

difference between the two picture groups. Table 16 shows the result and

differences in the mean of quantity, variety, and elaboration between the two

groups from the original data. Table 17 presents the results of p-value generated

from bootstrap resampling the original data as well as the result of the null

hypothesis. We can see from Table 16 that the positive group outperforms the

negative group in all categories. The two groups have greatest differences in the

quantity of ideas generated and least differences in the elaboration of ideas. We

further confirmed this statement by applying bootstrap resampling techniques

with ten thousand runs. The p-value of 0.0297 in the comparison of the idea

quantity indicated the rejection of the null hypothesis with 95 percent confidence,

which is also demonstrated in Figure 21. The red line is almost overlapped with

the green line on the left, which covers only half of remaining portion, i.e. 1/ of 5

percent is 2.5 percent, from the left tail. Hence, this figure implies that we can

expect that almost 97.5 percent of the time, positive picture group would

generate greater number of ideas than negative picture group. For comparison

of the idea variety and elaboration, the p-values are both between 0.05 and 0.1,

which means that, if strictly taking conventional 95 percent confidence as

threshold, we cannot reject the null hypothesis. However, we can reject the null

hypothesis and indicate there is a correlation with 90 percent confidence. In

other words, we are more than 90 percent but less than 95 percent confident that

59



there are significant differences existed between the two groups with respect to

the variety and elaboration of their ideas. As a result, this experiment reveals

that there is a correlation between the emotional valence of the picture

environment and idea generation performance, as the samples from the positive

emotional environment outperform the negative counterparts with strong

statistical significance.
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Figure 21. The bootstrap comparison between positive and negative picture
environment on idea quantity
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Table 16. The means of quantity, variety, and elaboration of ideas

Quantity Variety Elaboration
Positive 6.24 5.67 5.33

Negative 4.57 4.52 4.38

Table 17. The p-values of the null hypothesis tests between the emotional
picture environments and the control

Quantity Variety Elaboration
Positive vs. Negative 0.0297 0.0876 0.0922
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Summary of Findings

The findings from the two behavioralstudies are consolidated in this section. The

ideas from these studies were evaluated and compared by quantity, variety and

elaboration. The bootstrap resampling test with ten thousands runs was applied

to assess whether the idea generation from one group outscored that from other

groups. The p-value obtained from this test indicates whether a difference is

statistically significant.

The Effect of Emotional Music Environment

In the first study with music, there are six groups - five groups with emotional

music environment and one control group. These five music excerpts selected

had different valence and arousal ratings and located differently on the "two-

dimensional emotion" space. This study provided statistical evidence that the

samples from the positive valence music environment groups outperformed those

with the negative valence music environment with respect to idea quantity and

variety. The control group ranks in the middle, which means it outperformed the

group in the negative valence music environment but underperformed those in

the positive music environment with less statistical significance. However, no

clear correlation or trend in the measure of elaboration was found. Moreover,

there is no strong evidence of the correlation between the arousal of the music

environment and the idea generation performance. In order to further confirm

this conclusion of the influence of emotional valence of the environment, the

second behavioralstudy was designed with emotional picture as stimuli.
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The Effect of Emotional Picture Environment

The second study with an emotional picture environment was mainly used to

investigate and verify the correlation of the valence in an emotional environment

and the idea generation performance, which was concluded in the first study.

This study shows that the performance of the samples from the positive picture

emotional group outscored with over 90 percent statistical significance in all three

measurements of creativity performance.

General Discussion

Both behavioralstudies found that the negative valence environments are

detrimental to the idea generation, and the samples from the positive valence

environment outscored with statistical evidence. The first behavioralstudy with

music found that the samples from the positive valence environment

outperformed those from the other groups with strong statistical significance.

The second behavioralstudy with pictures, which confirmed the findings from the

first study, also shows this trend with slightly less statistical significance that is

over 90 percent rather than 95 percent. This fact could be caused by the

following reasons. First, these two behavioralstudies recruited two completely

different types of stimuli, picture and music, to create such an environment. It is

not very common to decorate the studying locations, such as classroom and

library, with a number of images from different categories. A couple of

participants for the second study reported that they were intrigued and distracted

by the pictures during the test. However, listening to music while studying or

working has been more common, as there is a poll from Market Truth.com

revealing that nearly 90 percent of students had the experiences of listening to
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music while studying. Hence, the participants may be able to more easily adapt

the environment with positive music during the test of divergent thinking test.

Second, the perception of the emotional stimuli involves complex neural

networks. The picture and music are two completely different stimuli, so the

paths for the transmission of semantic information into human's brain are very

different. The picture stimuli needs to work with the visual processing system,

while the music stimuli needs to work with the auditory processing system. There

is a study found that the emotion induced by music have found to be stronger,

more pervasive, durable than those induced through other means (Krumhansl,

1997), which could be another underlying cause of the minor inconsistency

between the behavioralstudies. In order to be able to better explain the results

from the behavioralstudies, we have literature reviewed a good number of

associated brain imaging studies and made a meta-analysis to provide some

insights from the neuroscience perspective. These findings are shown in the

following Chapter 5.
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Chapter 5

Cognitive Neuroscience

Studies in cognitive neuroscience, along with the behavioral studies, also apply

brain imaging techniques to study the neural basis of certain cognitions or the

influence of certain stimuli or priming techniques. In order to investigate how

different emotional environments influence people's creativity, it is helpful to

research a step deeper into the level of neurology and understand the

neurological activity that is associated with these creative tasks, and how

cognitive functions, particularly creativity and design in general, are supported by

different parts of brain.

Brain Imaging Technology

Gazzaniga suggested that the human brain has a modular organization to some

extent, which means that the brain is organized into discrete units of modules

structurally and functionally, and the interactions between different components

generate and reflect all sorts of mental activities (Gazzaniga, 1989). Functional

Magnetic Resonance Imaging (fMRI), which is one of the most widely used

techniques for measuring brain activity, has been applied in many cognitive

science studies related to emotions induced by stimuli, like music and picture, as

well as design and creativity. The majority of these studies focused on the

identification of brain areas that got activated under specific environments

designed sophisticatedly for human subject experiments.
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Brain Mapping Convention

German anatomist Korbinian Brodmann defined and divided regions of the

human cerebral cortex based on the structure and organization of cells, and

named Brodmann areas (BA) (Brodmann, 1909). Then he assigned numbers to

these structurally distinguishable regions and provided a map of the brain shown

in Figure 22 and Figure 23. The existence of Brodmann area facilitated the

communication and the collaborations in research studies between the

neuroscientists and psychologists. In addition, it also acts as a foundation to

study the relationship of different brain areas and the associated mental activities

and cognitive functions.

12

Figure 22. Brodmann's Areas - medial surface

Source: Brodmann (1909)
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Figure 23. Brodmann's Areas - lateral surface
Source: Brodmann (1909)

Meta-analysis from the fMRI Studies

Creativity and Design Cognition

There have been recent studies in the neurological basis of design cognition

applying fMRI techniques. Researchers found that performing tasks in design

and problem solving activated distinct brain networks that correspond to the

prefrontal cortex (Alexiou et al., 2009). More specifically, the activated brain

areas during creativity and design cognition in contrast to regular problem-solving

include: BA 9 and BA46 in the dorsolateral prefrontal cortex (DLPFC), BA 24 and

BA 32 in the anterior cingulate cortex, BA 21 in the middle temporal gyrus, BA 8

in the middle frontal gyrus. BA 9 and BA 46 are both involved in executive
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function, directed attention, working memory, and cognitive flexibility (Miller and

Cohen, 2001; Miller and Cummings, 2007). Another study examined a patient,

who is an experienced architect, with a lesion on this region and found this

patient had difficulty to move from one idea to another (Goel and Grafman, 2000).

BA 24 and BA 32 in the anterior cingulate cortex (ACC) have been studied to be

involved in rational cognitive functions, application of tasks, decision-making,

modulation of emotional functions (Decety and Jackson, 2004). It also has a role

of supporting the coordination and modulation of information processing in other

parts of the brain and work with areas in the lateral prefrontal cortex to perform

tasks requiring high levels of cognition. Researchers speculated that the ACC

was activated together with the DLPFC in design tasks, as design problems are

open-ended and require functions from both brain regions to generate, evaluate,

and select different hypotheses about the goal state (Alexiou, et. al., 2009).

BA 21 in the middle temporal gyrus is associated with language functions,

semantic processing, multimodal sensory integration, memory encoding and

retrieval (Onitsuka et al., 2004). Chou studied the neural basis of semantic

judgments from visually looking at words and found the activation of the BA 21

along with the ACC (BA 24 and BA 32) (Chou, 2006). Creativity and design

thinking involves emotional input and one possible reasoning for the activation of

BA 21 is that it may create the semantic context in performing design tasks.

Researchers found increased activation of BA 8 in the medial frontal gyrus with

increased level of uncertainty in tasks (Volz et al.). In the same study, they also

found BA 8 is associated with the resolution of decision conflicts at the perceptual

level. The activation in ACC (BA 24 and BA 32) and DLPFC (BA 9 and BA46)

were also detected to some extent. Hence, it can be concluded that BA 8 is

involved in the functions of monitoring, evaluating, resolving uncertainties and

conflicts.
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In conclusion, the prefrontal cortex area was found to be associated with

activities related to creativity and design cognition. The neural networks

activated consist of DLPFC (BA 9 and BA 46), ACC (BA 24 and BA 32), middle

temporal gyrus (BA21), middle frontal gyrus (BA8). This finding provides valuable

information for future research in creativity and design as well as cognitive

science. Understanding the association between activations of different brain

areas and creativity and design thinking would also contribute to design

education, and make instructors more informed about teaching design and

inspiring creative problem-solving capabilities. To investigate how the emotional

music and picture potentially influenced people's performance of generating

ideas in the behavioralstudy described previously, we also reviewed cognitive

science studies with fMRI technique on emotions, particularly those induced by

music and picture. As it has been concluded that valence plays more influence

from the statistical analysis among different groups, the neural study reviewed is

also focusing on the differences in the activation of brain areas by different

valence. The result from this literature review is presented in the following

paragraphs.

Emotional Environment with Music

A group of German researchers in human cognitive and brain sciences have

conducted an experiment by using pleasant and unpleasant music, i.e. positive

and negative valence, to induce emotions and applied the fMRI techniques to

investigate the correlation between the brain areas and emotion processing

(Koelsch et al., 2006). The brain areas that were activated during the

presentation of the pleasant music include: BA 46 in dorsolateral prefrontal cortex
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(DLPFC), BA 44, BA 45, and BA47 in inferior frontal gyrus - a.k.a. Broca's area,

BA 41 in Heschl's gyrus, BA 13 and BA 14 in anterior insula, BA 43 in Rolandic

operculum, BA 6, BA 8, and BA 10 in medial frontal gyrus. A group of English

researchers launched another fMRI study one year after (Mitterschiffthaler et al.,

2007), and found similar results except for additional activation found BA 24 and

BA 32 in anterior cingulate gyrus (ACC) and superior temporal gyrus (BA 38, BA

39, BA 22). Existing brain studies suggested that BA 22, BA 38, BA 39 BA 41,

BA 43, BA 44, BA 45, and BA 47 have functions related to auditory processing,

sound, speech, and language production (Jeremy et al., 2007; Tonkonogy and

Goodglass, 1981; Schonwiesner et al., 2007; Bigler et al., 2007). Hence, the

researchers suggested that the activities in these areas are caused by the

perception of the musical information, as they have functions of auditory

processing and sound production. Filtering out these auditory associated brain

activations, the remaining brain areas activated by pleasant music include: BA

46, BA 13, BA 14, BA 24, BA 32, BA 6, BA 8, and BA 10. In the same studies,

the brain regions that were activated during the presentation of unpleasant music

are hippocampus (BA 28), Amygdala (BA 25), Parahippocampal gyrus (BA 34,

BA 35, BA 36) and temporal poles (BA 28). The fMRI scanned brain images are

shown in Figure 24 and Figure 25.
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Figure 24. FMRI findings - activations evoked during the presentation of
pleasant music (A: during the entire excerpts, B and C: during the second half of

excerpts only)
Source: Koelsch et al. (2006)
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Figure 25. FMRI findings - activations evoked during the presentation of
unpleasant music (A: during the entire excerpts, B: during the second half of

excerpts only)
Source: Koelsch et al. (2006)
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Emotional Environment with Pictures

Neuroscience researchers have also done studies to investigate the emotions

induced by the emotional pictures from the lAPS and the associated activations

in brain (Kensinger and Schacter, 2006). They presented participants pictures

with different valences (positive or negative) while scanning their brain activities

by the fMRI techniques. The brain areas activated by viewing picture with

positive valence are: middle temporal gyrus (BA 21 and BA 37), medial frontal

gyrus (BA10), inferior parietal lobe (BA 40), precentral gyrus (BA 4), precuneus

(BA 7), and lingual gyrus (BA 18). Viewing the picture with negative valence

evoked the activities in DLPFC (BA 9 and BA 46) and Broca's area (BA 44, BA

45, and BA 47), shown in Figure 26. However, another subsequent experiment

by Leclerc and Kensinger showed some activation in DLPFC and Broca's area by

presenting pictures with positive valence (Leclerc & Kensinger, 2011). This

finding implies that DLPFC and Broca's area could be evoked by music with both

positive and negative valence. The results of activation detected on both studies

were based on the contrast to see if significant differences exist. Hence, the fact

that DLPFC and Broca's area were activated by pictures with different valence

could result from the differences in the degree of positivity and negativity of the

pictures used in the two studies. This study found activations in amygdala (BA

25) by negative valence pictures, which were also activated by negative valence

music as described previously. There is a recent fMRI study in emotional picture

pointing out that pictures with positive valence can also activate ACC (BA 24 and

BA 32) (Schlochtermeier et al., 2013).

Overall, there has been more brain imaging studies of emotions induced by

pictures than music. Based on the literature review, pictures tend to evoke brain

activities covering a more extensive network than music. To summarize the

meta-analysis from our literature review, we have listed out all the interested

brain regions with the corresponding locations and functions in Table 18. In

73



addition, a Venn diagram, presented in Figure 27, is made to show the activated

brain regions, by the Brodmann Area, under the five different sets of

circumstances interested, i.e. creativity and design cognition, music with positive

valence, music with negative valence, picture with positive valence, and picture

with negative valence, as well as their interconnections and relationships.

Figure 25. FMRI findings - activations evoked during the presentation of pictures
(regions in green represents greater activity for positive valence than for

negative valence, whereas regions in red represents the opposite)
Source: Kensinger and Schacter (2006)
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Table 18. Relevant brain regions and their corresponding locations and
functional information

Brain Region FunctionBrodmann
Area

Dorsolateral
prefrontal cortex

(DLPFC)
Inferior frontal gyrus

(Broca's area)
Heschl's gyrus

Anterior insula

Rolandic operculum

Anterior cingulate
gyrus

Middle temporal
gyrus, associate with

ACC activation

Middle frontal gyrus

Hippocampus

Amygda la

Parahippocampal
gyrus

Temporal poles Face recognition, links symbols with
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38 _

46, 9 Executive functions, working memory,
cognitive flexibility, planning, inhibition,

and abstract reasoning
4, 45, 47 Speech production, facial neuron

control, language processing
41 Auditory, temporal and spectral acoustic

processing
13,14 Interoceptive awareness, body motion

control, self-recognition, cognitive
control, emotional awareness,

vocalization and music, attention,
perceptual decision making

43 Speech production, language
processing

24,32 Error detection, application of tasks,
attention, motivation, modulation of

emotional (affective) functions, reward
anticipation, empathy, impulse control

21, 37 Semantic processing, language
processing, multimodal sensory

integration, memory encoding and
retrieval

8 Monitoring, evaluation, resolution of
uncertainties and conflicts

28 Consolidation of new memories,
emotional responses, navigation, spatial

orientation
25 Autonomic responses associated with

fear,
Assigns emotional valence (especially

negative), hormonal secretions,
formation of emotional memories

34,35,36 Memory creation, recall of visual scenes



Medial frontal gyrus,
frontal pole

Inferior parietal lobe

Precentral gyrus

Precuneus

Lingual gyrus

Superior temporal
gyrus

10, 6

names, recall of traumatic scripts, recall
names, learning visual pattern

Executive functions

40 multimodal sensory processing,
interpretation of sensory information,
language, mathematical operations

4 Movements of skeletal muscles,
execution of movement

7 Self-consciousness, memory tasks, visuo-
spatial imagery

18,19 Vision, language processing, semantic
processing

38,39,22 Language processing, social cognition,
auditory processing, perception of

emotions in facial stimuli

Music
Positive Valen

Creativity & Design
Cognition

ce
13,14, 121,
24,32 9,46 37 38,39,22 Picture

Negative Va

45, 7

25-
10,40,4, 34,35,,

Picture -
Positive Valence 28,38 Music

Negative Valence

Figure 27. Summary of the fMRI findings from the meta-analysis (numbers
represent brodmann area)

76

lence



Discussion on the Key Brain Areas

Referring to the Venn diagram in Figure 26, the brain regions that draw our

attention are the cross activated BA areas among the environments of creativity,

design cognition and the music and picture stimuli. They are the brain regions

that were examined to be effective in studying and performing creativity related

tasks and were found evoked by the emotional stimuli through fMRl techniques.

These brain regions are the promising candidates that could potentially be

accounted.for the differences in the behavioralstudy.

Dorsolateral prefrontal cortex (BA 9 and BA 46)

BA 9 and BA 46 in the dorsolateral prefrontal cortex (DLPFC) were activated by

creativity and design cognition as well as the environment with induction of

pictures of both positive and negative valence, and positive valence music. This

area was examined to be associated with attention. The lesions in DLPFC would

cause dysfunction of attention and the related motivation (Ballard et al., 2012). In

the behavioralstudies, the emotional stimuli might directly cause participants

attention with the assistance of sensory processing brain areas (e.g. BA 40, BA

41, and BA 43) and the stimulated cognitive function of attention may

subsequently evoke DLPFC areas. As mentioned previously, DLPFC is

associated with executive functions and cognitive flexibility. The activation of

DLPFC could directly enhance people's divergent thinking ability, as a research

study reviewed that lesion in this region cause difficulty in flexibly generating

hypotheses and alternatives (Loring and Meador, 2006). Another study found

DLPFC activation in a comparison of successful versus unsuccessful responses

in Match Problems, which was designed to evaluate mental lateral

transformations or 'set-shifts'. In addition, they stated that the activation in this

region was increased when more hypotheses were generated (Vartanian & Goel,
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2005). These findings suggest the correlations between the activation of DLPFC

and the capability of generating alternative ideas. Being able to think divergently

to satisfy the goal - requirements and needs - through different design solutions

is a key measure for designer's capacity. Furthermore, research shows that

DLPFC is also involved in the functions of working memory as well as decision-

making (Barbey et al., 2013; Greene et al., 2001). These two functions together

are important for performing creativity and design related tasks, as the process of

these tasks generally involves constant evaluation of alternatives and eventually

making decisions through comparisons between ideas stored in working memory.

As a result, the DLPFC is associated with cognitive functions that would apply to

design and creative idea generation as a whole, so the result from the

behavioralstudies on creativity could have been influenced by the activation of

this region evoked by the emotional stimuli.

Anterior cingulate gyrus (BA 24 and BA 32)

BA 24 and BA 32 in the anterior cingulate gyrus (ACC) were activated by design

cognition as well as the induction of both emotional pictures and music excerpts

with positive valence. This area was examined to be associated with both

cognitive and emotional functions, particularly affective states. The same study

suggests a close collaboration between ACC and parts of lateral prefrontal cortex

for tasks that need high levels of cognitive effort that includes supporting the

coordination and modulation of information processing in other brain areas

(Alexiou et al., 2009). Researchers in neuroscience have extensively

investigated the functions of ACC and revealed that this area also takes part in

evaluative roles. More specifically, it is a component of the neural network that is

in charge of evaluation of motivation, detection and resolution of conflicts,

anticipation of tasks, detection of error (Carter and Van Veen, 2007; Bush et al.,

2000; Botvinick et al., 2004; Weissman et al., 2004). Due to the emotional
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functions studied via the fMRI techniques, ACC area may have been increasingly

activated during the presentation of the stimuli in the behavioralstudies. Design

tasks are open-ended, and there is usually no specified methodology or goal

states provided. The hypotheses and their alternatives generated are sometimes

also conflicting to some extent. The activation of ACC could play a role of

mediating attention, evaluating and modulating all the methods and goal states,

resolving the conflicts caused by alternative hypotheses, and selecting the

appropriate response. At the same time, the activation of DLPFC, working

together with ACC, might facilitate the generation of these alternative methods,

goal states, and hypotheses. Hence, in our behavioralstudies of creativity, we

can hypothesize that the activation of ACC might spur the variety of the idea

generation instead of the quantity and expand the solution space.

Anterior insula (BA 13 and BA 14)

BA 13 and BA 14 in the anterior insula were activated by the induction of both

pictures and music excerpts with positive valence. This area has been

extensively examined by many studies showing that it is always jointly activated

with ACC and they have a close functional and structural relationship (Medford

and Critchley, 2010). Since ACC has been revealed to be associated with design

cognition, it can be concluded that anterior insula is also involved in design

cognition. Many fMRI studies reported that these two regions are activated

together in a variety of emotional feelings and awareness (Jabbi et al., 2007).

Other research studies found activation of anterior insula in performing cognitive

control, self-awareness as well as error awareness, performance monitoring,

perceptual decision making (Thielscher and Pessoa, 2007; Weissman et'al.,

2006; Cole and Schneider, 2007). This is consistent with the fact that creativity

and design works involves making decisions that are not only based on logical

judgment, functional evaluations but also emotional feelings, as this type of work

can often arouse emotional engagement. The process of making decisions
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requires the ability to clearly aware any potential errors and the current situation

set by different constraints, which would facilitate subsequent correction or

adjustment on the ideas. Hence, we could speculate that anterior insula might

work with ACC in evaluating alternatives and making decision at perceptual level

and adding the factor of emotions into this process.
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Chapter 6

Conclusions

In the past few years, the demand on the time and opportunity for creative

reflection and inspirations at work and school is steadily increasing. Creativity is

involved in almost everything we do, regardless professionals. In the process of

product design, creativity is needed for the entire process and is particularly

important to the concept generation in the early phase. This thesis explored

whether people's creative capacity can be influenced by the surrounding

environments. Based on the literature review, two behavioralstudies were

designed by applying two different types of stimuli, emotional music and pictures,

in the environment, for the purposes of investigating whether there is a

correlation between creativity and the emotional environments. Both

behavioralstudies found that the negative valence environment is detrimental to

divergent thinking, and the performance of the samples from the positive valence

environment outscored with over 90 percent statistical significance, tested by the

bootstrap resampling techniques.

In order to better understand the effect of these environments with emotional

stimuli, a meta-analysis was conducted to provide some insights from the

neuroscience perspective, including the existing brain imaging studies on

creativity and design cognition as well as emotions induced by the music and

picture stimuli. The dorsolateral prefrontal cortex (DLPFC), anterior cingulate

gyrus (ACC) and anterior insula are found to be highly associated positive

divergent thinking, with evidence supported by the fMRI data.
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This work was a preliminary research study in creativity and design thinking

through an approach of understanding the neural basis, for the purposes of

providing some insights on the link between researches in design and

neuroscience. Future research opportunities in this direction include

investigating specifically how the brain regions like DLPFC, ACC and anterior

insula affect our creativity and design thinking, and whether there is an effect of

their interactions.

Limitations & Future Work

This is a preliminary research study in creativity and design thinking from an

approach of a cognitive neuroscience perspective. It provides insights on the link

between research in design creatvity with neuroscience studies, which should

enable us better understand the nature of design thinking and make more

informed decisions in teaching design. As with other empirical studies, this

study's findings and conclusions can be generalized only to a certain extent. The

limitations of this study and opportunities for future work to be explored are

discussed in the following paragraphs.

The brain imaging information for this study is obtained from literature review.

Future work should seek the opportunity to conduct an fMRI study internally to

confirm the findings for this study. In addition, a full factorial design should also

be considered to study the effect each factor of this study as well as the effects of

interactions between factors on the performance of idea generation. For

example, we can first run fMRI studies on participants solely listening to
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emotional music, looking at emotional pictures, and performing creativity and

design related tasks, respectively. Then run another set of fMRI study on the

combination of these activities, such as performing design tasks while listening to

music. As we learned DLPFC, ACC, and anterior insula have been involved in

these activities from literature review, this provides us an opportunity to look into

the effect of these brain regions as well as their interactions.

The test of divergent thinking used for behavioralstudy is a good measure for

design creativity within a short time period. In addition to the creativity

perspective, design thinking is more sophisticated with feasibility and novelty

involved, and rating these two categories is not purely objective. Hence, it would

be interesting to conduct another behavioralstudy with a simple product design

task and have experts from both academia and industry to evaluate the

performance.

In the long run, an fMRI study inspecting brain activations across different age

while performing design tasks would be helpful to explore the development of

brain areas that are associated to creativity and design, which would provide

educational implications. In addition to the age difference, another future

experiment can recruit people with different design ability and divide them into

different group to see if there are differences in the brain activations caused by

the level of expertise. Real-world design projects are mostly team-based and

collaborative, so social and communication capability is also very important to

make a successful design experience. In the long run, it would be interesting to

apply fMRI technology into a collaborative design environment to see how

collaborative design is different from individual design from brain imaging

perspective. This research could inform us about how the factor of social

interaction influence design cognition in a design team and provide us insights of

ways to improve collaborative design outcome via communication and social

interactions.

83



84



References

Abbate C., Ruggieri S. and Boca S. (2013). "The effect of prosocial priming in

the presence of bystanders", Current problems and resolutions, The Journal of

Social Psychology, 153(5), pp. 619-622.

Adanez A, (2005). Does Quantity Generate Quality? Testing the fundamental

principle of brainstorming. The Spanish Journal of Psychology, Vol. 8, No. 2,
pp. 215-220

Alexiou K, Zamenopoulos T and Johnson J, 2009. Design Studies 30 pp.623-

647. 2009 Elsevier Ltd.

Ballard I., Murty V., Carter M., Macinnes J., Huettel, and Adcock A.

Dorsolateral Prefrontal Cortex Drives Mesolimbic Dopaminergic Regions to

Initiate Motivated BehaviorJ Neurosci. Jul 13, 2011; 31(28): 10340-10346.

Bargh J. and Chartrand T.L., "Studying the Mind in the Middle: A Practical

Guide to Priming and Automaticity Research," Handbook of Research Methods

in Social and Personality Psychology, Cambridge Univ. Press, 2000, pp. 253-

285.

Bargh J., Chen M., and Burrows L., "Automaticity of Social Behavior: Direct

Effects of Trait Construct and Stereotype Activation on Action," J. Personality

and Social Psychology, vol. 71, no. 2, 1996, pp. 230-244.

Bigand, E., Filipic, S. and Lalitte, P. (2005). The time course of emotional

responses to music. New York Academy of Sciences pp. 429-437.

Bigand, E., Vieillard, S., Madurell, F., Marozeau, J., & Dacquet, A. (2005).
Multidimensional scaling of emotional responses to music: The effect of musical

85



expertise and of the duration of the excerpts. Cognition & Emotion, 19(8),
pp. 1 113-1139.

Bigler ED, Mortensen S, Neeley ES, Ozonoff S, Krasny L, Johnson M, Lu J,
Provencal SL, McMahon W, Lainhart JE., Superior temporal gyrus, language
function, and autism. Dev Neuropsychol. 2007; 31(2): pp. 217-238.

Botvinick, M M, Cohen, J D and Carter, C S (2004) Conflict monitoring and
anterior cingulate cortex: an update, Trends in Cognitive Sciences Vol. 8 No 12
pp. 539-546.

Bradley, M. M. and Lang, P. J. (2007). The International Affective Picture System
(IAPS) in the study of emotion and attention. In J. A. Coan and J. J. B. Allen
(Eds.), Handbook of Emotion Elicitation and Assessment, pp. 29-46. Oxford
University Press

Brodmann K. Vergleichende Lokalisationslehre der Grosshirnrinde. Leipzig:
Johann Ambrosius Barth, 1909

Bronson P. and Merryman A., (2010). The Creativity Crisis. Newsweek. Hartford
Innovation Center. Link: http://hartfordinnovationcenter.com/~ARTICLES/O-

The%20Creativity%20Crisis-07-19-201 0.pdf

Bush, G, Luu, P and Posner, M I (2000) Cognitive and emotional influences in
anterior cingulate cortex, Trends in Cognitive Sciences Vol. 4 No 6 pp. 215-222

Carter, C S and Van Veen, V, (2007). Anterior cingulate cortex and conflict
detec- tion: an update of theory and data, Cognitive, Affective and Behavioral
Neurosci- ence Vol 7 No 4 pp. 367-379

Chiew K. and Braver T. (2011), Positive Affect Versus Reward: Emotional and
Motivational Influences on Cognitive Control, Frontiers in Psychology, Vol. 2

86



Chou, T L, Booth, J R, Bitan, T, Burman, D D, Bigio, J D, Cone, N E, Lu, D and

Cao, F (2006). Developmental and skill effects on the neural correlates of
semantic processing to visually presented words, Human Brain Mapping Vol 27
No 11 pp. 915-924

Cole, M. W. and Schneider, W. The cognitive control network: integrated

cortical regions with dissociable functions. Neuroimage 37, pp. 343-360 (2007)
d.school, "Bootcamp Bootleg," Available at: http://dschool.stanford.edu/wp-

content/uploads/2011/03/BootcampBootleg2OlOv2SLIM.pdf, retrieved August
30, 2013.

Decety, J.; Jackson, P. L. (2004). "The Functional Architecture of Human
Empathy". Behavioral and Cognitive Neuroscience Reviews 3 (2): pp. 71-100.

Delgado, M. and Dilmore, J. (2008). Social and emotional influences on
decision-making and the brain, Minnesota Journal of Law Science & Technology,

9(2): pp. 899-912.

Dylla, N. Thinking Methods and Procedures in Mechanical Design, Dissertation,

Technical University of Munich, in German (1991).

Eden, H., Scharff, E., and Homecker, E. (2002). "Multilevel Design and Role Play:

Experiences in Assessing Support for Neighborhood Participation in Design,"

Proceedings of the 4th Conference on Designing Interactive Systems: Processes,
Practices, Methods, and Techniques, Jun. 25-28, London, England, pp. 387-
392.

Fogli H, (2012). Divergent Thinking, Creative Gibberish, link:
http://creativegibberish.org/439/divergent-thinking/.

Franken R., (1994). Published by Thomson Brooks/Cole. Human Motivation, 3rd
ed. Pp.396

87



Frijda N., The Emotions. Cambridge(UK): Cambridge University Press, 1986. p.
207.

Gazzaniga, M S, (1989). Organization of the human brain, Science Vol. 245 No
4921 pp. 947-952

Gerber, L., (2008). "Developing an Idea by Throwing It Away," Ambidextrous,
(9), Available at: http://ambidextrousmag.org/issues/09/article.php? pp.4 1-43,
retrieved August 30, 2013.

Gerrards-Hesse, A., Spies, K. and Hesse, F. (1994). Experimental inductions of

emotional states and their effectiveness: A review. British Journal of Psychology,

85, pp. 55-78.

Goel, V and Grafman, J (2000) Role of the right prefrontal cortex in ill-structured
planning, Cognitive Neuropsychology Vol. 17 No 5 pp. 415-436

Grant R. and Sugarman J., (2004). "Ethics in Human Subjects Research: Do

Incentives Matter". Journal of Medicine and Philosophy, 29(6), pp.7 17-7 38 .
Guilford J., Christensen P., Merrifield P. and Wilson R., Measures "flexibility of

thinking" in an investigation of creative thinking.

Groote M., (2013). Creativity is on the decline, studies say. Deseret News

National Edition.

Hockenbury D. and Hockenbury S., (2012). Discovering Psychology. 6 h Edition.
Worth Publishers, Inc.

Jabbi, M., Swart, M. & Keysers, C, (2007). Empathy for positive and negative

emotions in the gustatory cortex. Neuroimage 34, pp. 1744-1753.

Jinsch and Birkhofer, (2006). "The Development of the Guideline CDI 2221." In
Inter, pp. 45-52.

88



Kattle K. and Haubl G., (2011). "The signature effect: Signing influences

consumption - related behavior by priming self-identity". Journal of Consumer
Research, Vol. 38, No. 3, pp. 474-489

Kauerov6, H. (2005). Mo'nosti indukce emocion6|nich stavO v experiment6fnim

v zkumu. Diplomova prace. Cesk6 Budejovice: PF JU.

Koelsch S., Fritz T. (2006), Cramon Y., Muller K., and Friederici A., Investigating

Emotion With Music: An fMRI Study. Wiley-Liss, Inc. Human Brain Mapping 27:
pp. 239-250

Krumhansl CL (1997): An exploratory study of musical emotions and
psychophysiology. Can J Exp Psychol 51: pp. 336-353.

Kucera D. and Haviger J. (2012). Using mood induction procedures in
psychological research. Procedia - Social and Behavioral Sciences pp. 31-40.

Lang, P.J., Bradley, M.M., and Cuthbert, B.N. (2008). International affective

picture System (IAPS): Affective ratings of pictures and instruction manual.
Technical Report A-8. University of Florida, Gainesville, FL

Laran J., Dalton A. and Andrade E., (2011). "The Curious Case of Behavioral
Backlash: Why Brands Produce Priming Effects and Slogans Produce Reverse

Priming Effects," Journal of Consumer Research, Inc., Vol. 37, April 2011.

Lemerise E. and Arsenio W. (2000), An integrated model of emotion processes
and cognition in social information processing, Child Development, Vol. 71,
Number 1, pp. 107-118.

Leventhal, H. (1980). Toward a comprehensive theory of emotion. In L. Berkowitz
(Ed.), Advances in social psychology (Vol. 13). New York: Academic Press.

Loring, D W and Meador, K J (2006) Case studies of focal prefrontal lesions in
man in J Risberg and J Grafman (eds) The frontal lobes: development, function
and pathology, Cambridge University Press, Cambridge pp. 163-177

89



Medford N and Critchley,2010. Conjoint activity of anterior insular and anterior
cingulate cortex: awareness and response. Brain Struct Funct. Jun 2010; 214(5-

6): pp. 535-549.

Mihaly Csikszentmihalyi (1997), Creativity: Flow and the Psychology of Discovery

and Invention. Pp. 28

Miller, E K and Cohen, J D (2001) An integrative theory of prefrontal cortex

function, Annual Review of Neuroscience Vol 24 pp. 167-202

Mitterschiffthaler M., Fu C., Dalton J., Andrew C., and Williams S, (2007). A
Functional MRI Study of Happy and Sad Affective States Induced by Classical

Music. Wiley-Liss, Inc. Human Brain Mapping 28: pp. 1150-1162.

Moore M. (2008) Stress of modem life cuts attention spans to five minutes,
Health, Telegraph.co.uk

Nelson B., Yen J. (2009). Refined metrics for measuring ideation effectiveness.

Design studies 30, Elsevier Journals. pp. 737-743.

Onitsuka, Shenton and Salisbury, (2004). "Middle and Inferior Temporal Gyrus

Gray Matter Volume Abnormalities in Chronic Schizophrenia: An MRI Study".

Am J Psychiatry. 161(9): pp. 1603-1611

Osborn, A. F., (1956). Applied Imagination: Principles and Procedures of Creati-

veThinking, Scribner, New York, NY.

Pahl G. and Beitz W., (1996). Engineering Design: a Systematic Approach.

Edited by Ken Wallace. New York: Springer.

Phelps E. (2004), Human emotion and memory: interactions of the amygdala
and hippocampal complex, Current Opinion in Neurobiology, Vol. 14, Issue 2,

pp. 198-202.

90



Roy R., (1993). Case studies of creativity in innovative product development.
Design Studies. Vol.14, Issue 4, pp.42 3-44 3

Runco, M. A. (2007). Creativity. Amsterdam: Elsevier.

Russell, J. A. (1980) , A Circumplex Model of Affect, Joumal of Personality and

Social Psychology 39: pp. 1 161-1178.

Scherer K. 2001, Appraisal Considered as a Process of Multi-Level Sequential
Checking, in K.R. Scherer, A. Schorr and T. Johnstone (eds) Appraisal Processes

in Emotion: Theory, Methods, Research, pp. 92-120. New York and Oxford:
Oxford University Press.

Scherer K. 2005, What are emotions? And how can they be measured?, Trends
and developments: research on emotions; Social Science Information SAGE
Publications, Vol. 44, pp.6 95-729 .

Sch6nwiesner M., Novitski N., Pakarinen S., Carlson S., Tervaniemi M., Nsstsnen

R. Joumal of Neurophysiology. Published 1 March 2007, Vol. 97, no. 2075-
2082DOI: 10.1 152/jn.01083.2006

Scollon C., Koh S. and Au E. (2011), Cultural Differences in the Subjective

Experience of Emotion: When and Why They Occur, Social and Personality
Psychology Compass, Vol.5, Issue 11, pp. 853-864.

Shah J., Vargas-Hemandez N. (2003). Metrics for measuring ideation

effectiveness. Design Studies 24, Elsevier Journals. pp. 111-134.

She J. and MacDonald E., "Priming designers to communicate sustainability",
Joumal of Mechanical Design, Vol. 136, 2014, ASME.

91



Skipper J., Goldin-Meadow S., Nusbaum H., and Small S. (2007). "Speech-

associated gestures, Broca's area, and the human mirror system". Brain and
Language 101 (3): pp. 260-277

Thielscher, A. and Pessoa, L (2007). Neural correlates of perceptual choice and

decision making during fear-disgust discrimination. J. Neurosci. 27, pp. 2908-
2917.

Vartanian, 0 and Goel, V (2005). Neural correlates of creative cognition in C
Martindale, P Locher and V M Petrov (eds) Evolutionary and neurocognitive
approaches to the arts, Baywood Publishing, Amityville, NY pp. 195-207

Volz, K G, Schubotz, R, and Von Cramon, D Y, (2005). Variants of uncertainty in
decision-making and their neural correlates, Brain Research Bulletin Vol. 67 No 5
pp. 403-412

Weisberg, R. W., (2006). Creativity: Understanding innovation in problem
solving, science,invention, and the arts. Hoboken, NJ: Wiley.

Weissman, D. H.; Gopalakrishnan, A.; Hazlett, C. J.; Woldorff, M. G. (2004).

"Dorsal Anterior Cingulate Cortex Resolves Conflict from Distracting Stimuli by
Boosting Attention toward Relevant Events". Cerebral Cortex 15 (2): pp. 229-
237.

Williamson V., (2012). "Emotional responses to music: The influence of lyrics".

Music Psychology.

Wundt, W. (1905) Grundzu*ge der physiologischen Psychologie. Leipzig:
Engelmann.

Williams L.E. and Bargh J.A., "Experiencing Physical Warmth Promotes

Interpersonal Warmth," Science, vol. 322, no. 5901, 2008, pp. 606-607.

92



Yang M. and Jin Y., (2008). An examination of team effectiveness in distributed

and co-located engineering teams. International Journal of Engineering

Education. Vol. 24, No. 2, pp.400-408.

93



Appendix A

List of 27 emotional inducing music excerpt information and their corresponding
location on the valence-arousal space. Source: Bigand et. al. (2005)
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Figure A-1. The mapping of the emotional music excerpts on the "two-
dimensional emotion" space

1. R. Strauss. Also sprach Zarathustra, op. 30. Long, slow, ascending melody in a major
key with consonant harmonies, characterised by a warm string timbre and a full sound
resulting from the arrangement of palts. Some local tensions which are immediately
resolved.

2. J.S.Bach. Violin Sonata 3, Fuga. Long melody in a major key for solo violin, played at
a moderate tempo, with a polyphonic feel. Dissonances are neutralised by great rhythmic
stability and pre- dictable patterns of voice leading.

3. W.A.Mozart. Piano Concerto Adagio, K 488. Theme in a minor key, played at a very
slow tempo. Melancholic trochaic rhythm characterised by a large intervallic distance
between sounds grouped by the left hand, and the melody in the high register of the right
hand, creating avoid in the middle of the range which reinforces the desolate aspect of the
theme.
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4. J. Brahms. Violin Concerto, Adagio. Thematic exposition on the oboe of a slow, pure
melodic line, built on the tonic major chord, and standing apart above a timbrally rich,
sustained orchestra. Harmonic expanses of perfect major chords are spread across the
orchestra. The doubling of lines serves to reinforce the fullness of sound of the whole.

5. D. Scarlatti. Sonata A for Harpsichord, K208. Ascending theme comprising melodic
contour with a very simple rhythm, played at a slow tempo with the soft and intimate
timbre of the guitar, above strongly anticipated major chord harmonies that resonate fully
in the instrument.

6. R. Schumann. Tratumerei, op. 15, no. 7. Theme with a very pure melodic contour,
built on a perfect major chord, played tenderly at a slow tempo by the right hand of the
piano, accompanied in the left hand by calm major chords, sometimes arpeggiated, which
fill out the tessitura and whose consonance resonates fully. Softness of parallel
movements a tenth apart.

7. D, Shostakovitch. Symphony 15, Adagio. Brass chorale on a very slow homorhythmic
sequence of chords in a minor key at the bottom of the register, animated by some
chromatic embellishment and melodic movement. Dark atmosphere.

8. D. Shostakovitch. Trio 2 for piano, violin, and cello, Largo. Long melody for violin,
played at a slow tempo above low notes on the piano, to which the cello replies with false
imitations that are temporally out of phase, and create strong expressive dissonances. The
heartbreaking character of these dissonances is reinforced by the feeling of emptiness
produced by the intervallic distance between the two parts.

9. R. Wagner. Tristan, Act 3. Declamation in the low register of the strings of the
orchestra. Very strong harmonic tension within a minor key with on the 6th chord against
a dissonant second. Slow and dilated tempo. The upper parts ascend in pitch by chromatic
movement, with unresolved intervallic tensions. The absence of a bass creates a feeling
of vertigo and of ascension into infinity.

10. J. Brahms. Trio, piano, violon, and horn, mvt 2. Repetition of a thematic rhythmic
motif, above major key harmony, punctuated by brass effects, at a rapid tempo and with a
very rich sound. The sonority of the French horn enriches the timbral quality of the
ensemble, and the structure of the piece is reinforced by the presence of transposed
harmonic progressions.

11. F. Liszt. Les PreAludes. Powerful orchestral tutti presents consonant harmonies with
a martial rhythm at a solemn tempo, proceding by movements of a third and fifth, played
with full sonorities, doubled by the brass in the bass.

12. S. Prokovief. Sonata for piano, no. 3, op. 28. Highly agitated piano line, with
aggressive attacks and wild sonorities, pounded in the left hand, developing at a rapid
tempo above an irregular rhythm, with juxtaposed harmonies that are neither prepared
nor resolved.
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13. L. Beethoven. Symphony 7, Vivace. Powerful orchestral tutti develops a rhythmic
ostinato doubled by the timpani, based on a consonant harmony above which a melody is
constructed from the tonic major. Great timbral richness. Joy, colossal energy.

14. L. Beethoven. Piano, Sonata 32, mvt 2. Dynamic motif, presented at a fast tempo on a
syncopated rhythm evocative of jazz, and constructed around major tonic and dominant
chords. Great energy.

15. F. Mendelssohn. Italian Symphony, mvt 1. Long melodic line stated by the violins
with vigour and lightness. Major key harmonies built on tonic, dominant and
subdominant chords, played at a high tempo with a pulsating rhythm, supported by a
semiquaver ostinato in the rest of the orchestra.

16. F. Chopin Prelude 22. Motif in the low register of the piano repeated obsessively and
char- acterised by pounding octaves in the left hand, dissonant harmonies, and
accompanied in the right hand by a panting rhythm, accentuating the weak part of the
beat, and breaking up the violent and hopeless discourse of the left hand.

17. F. Liszt. Tasso Lamento & Triomfo. Powerful orchestral line develops tense minor
harionies on a choppy rhythm and at a rapid tempo, supported by the entry of the
percussion.

18. R. Strauss. Tod and Verklatrung, 7'-7'30. Powerful orchestral line, presenting
dissonant harmony above a long pedal, and unresolved chromatic movements starting
from the extremes of the register and progressing in contrary motion to result in an out of
phase rhythmic pounding in the bass drum and brass.

19. J. S Bach Violin Sonata. Minor key melodic theme at a moderate tempo. Great metric
stability, based on part imitation and dissonances which are always resolved.

20. W.-F. Bach. Duetto for two flutes in F, Lamentabile. Repeated melodic figures built
on the tonic major chord, containing tensions and dissonances that are not always
resolved immediately. Slow tempo and very soft timbre.

21. J. Haydn. Symphony Bdur, Hob 1 105, Andante. Thematic motif presented in thirds
on the violin and bassoon, played at a moderate tempo, centred on notes from the tonic
and dominant major chords.

22. W.-F. Bach. Duetto for two flutes in G, Allegro. Duo of flutes imitate each other over
broken arpeggios of tonic and dominant major chords. Very soft timbre though a leaping
rhythm and a lively tempo.

23. F. Schubert. Valse no. 3, op. 50, D779. Dynamic melodic motif played in the top
register of the piano. Regular waltz rhythm and a lively tempo over simple
tonic/dominant harmonies.

24. 1. Stravinsky. Petrouchka. Repeated melodic pattern of ascending 4ths presented with
great momentum and harshness by the flute, to which the strings reply in modal
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harmonies, all above the incessant swarming of the orchestra, evoking a jubilant crowd.

25. A. Schoenberg. Erwartung. Dissonant rhythmic and melodic ostinato in the strings,
flutes and bassoons dominated by the strident entry of the piccolo, clarinet, and muted
trumpet. Acceleration of the already lively tempo, and large crescendo culminating in a
violent punctuation from the orchestra.

26. D. Shostakovitch. Trio 2 for violin, cello, and piano, moderato. Series of snatched
intervals in the strings, very dissonant with a grating sonority, punctuated over an
agitated and irregular rhythm by tense chords in the piano. Continued by a dissonant
chromatic ascent in the violin and cello over a harmonic suspension in the high register of
the piano.

27. F. Liszt. Totentanz. Aggressive march; pounding dissonant diminished seventh
chords in the low register of the piano, above which the dies irae theme is presented,
strongly out of metrical phase, supported by the bass drum.
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Appendix B
The syntax of the java interface with functions of shuffling music and
countdown timer.

Class Stopwatch:

import java.awt.event.*;
import java.util.Random;
import java.awt.*;
import javax.swing.*;

public class Stopwatch extends JFrame implements ActionListener,
Runnable {

private long startTime;
private final static java.text.SimpleDateFormat timerFormat =

new java.text.SimpleDateFormat(
"mm : ss");

private final JButton startStopButton = new JButton("Start");
private Thread updater;
private boolean isRunning = false;
private final Runnable displayUpdater = new Runnable( {

public void runC) {
long etime = Stopwatch.this.startTime

- System. current TimeMi liso;
if(etime <=)

isRunning = false;
startStopButton.setText("Time's Up! STOP :)");

}
else{

displayElapsedTime(etime);

}
}

public void actionPerformed(ActionEvent ae) {
if (isRunning) {

long elapsed = startTime -
System. current TimeMi Zi iso;

isRunning = false;
try {

updater. join( ;
// Wait for updater to finish

} catch (InterruptedException ie) {
}
displayElapsedTime(elapsed);
// Display the end-result
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} else {
Random generator = new Randomo;
int Index = generator.nextInt(5);
String filename = null;
switch (Index) {

case 0: filename = "/Users/shuaiyue/Desktop/a.mp3";
break;

case 1: filename = "/Users/shuaiyue/Desktop/b.mp3";
break;

case 2: filename = "/Users/shuaiyue/Desktop/c.mp3";
break;

case 3: filename = "/Users/shuaiyue/Desktop/d.mp3";
break;

case 4: filename = "/Users/shuaiyue/Desktop/e.mp3";
break;

default: filename = null;
break;

}

System.out.println("Playing " +Index);
MP3 mp3 = new MP3(filename);

mp3.play(;
startTime = 3 * 60 * 1000 +

System. currentTimeMi Z i iso;
isRunning = true;
updater = new Thread(this);
updater.starto;

}
}

private void displayElapsedTime(long elapsedTime) {
startStopButton.setText(timerFormat.format(new

java.util.Date(
elapsedTime)));

}

public void runo {
try {

while (isRunning) {
SwingUtilities. invokeAndWait(displayUpdater);
Thread.sleep(50);

}
} catch (java.lang.reflect.InvocationTargetException ite) {

ite.printStackTrace(System.err);
// Should never happen!

} catch (InterruptedException ie) {
}
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// Ignore and return!
}

public Stopwatch( {
startStopButton.addActionListener(this);
getContentPane().add(startStopButton);
setSize(1024, 1600);
setForeground(Color. ORANGE);
setVisible(t rue);

}

private void fillRect(int i, int j, int width, int height) {
// TODO Auto-generated method stub

}

public static void main(String[] arg) {
new Stopwatch(.addWindowListener(new WindowAdaptero {

public void windowClosing(WindowEvent e) {
System.exit(0);

}
});

CZass MP3:

import java.io.BufferedInputStream;
import java.io.FileInputStream;

import javazoom.jl.player.Player;

public class MP3 {
private String filename;
private Player player;

// constructor that takes the name of an MP3 file
public MP3(String filename) {

this.filename = filename;

I

public void close( { if (player != null) player.close();

// play the MP3 file to the sound card
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public void play() {
try {

FileInputStream fis = new FileInputStream(filename);
BufferedInputStream bis = new BufferedInputStream(fis);
player = new Player(bis);

}
catch (Exception e) {

System.out.println("Problem playing file " + filename);
System.out.println(e);

// run in new thread to play in background

new Threado {
public void runo {

try { player.play(; }
catch (Exception e) { System.out.println(e); }

}
}.start(;

}

// test client
public static void main(String[] args) {

String filename = args[0];
MP3 mp3 = new MP3(filename);
mp3.play();

// do whatever computation you like, while music plays
int N = 4000;
double sum = 0.0;
for (int i = 0; i < N; i++) {

for (int j = 0; j < N; j++) {
sum += Math.sin(i + j);

}
I
System. out. println(sum);

// when the computation is done, stop playing it
mp3. close (;

// play from the beginning
mp3 = new MP3(filename);
mp3.play(;

}

}
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Appendix C
A print version of the Test of Divergent Thinking.

Test of Divergent Thinking

Our study today is about how people think creatively, and generate original, innovative
ideas. Everyone can think creatively, and we'd like to learn more about how people do it.

Please come up with as many creative uses for a brick or bricks as you can. Certainly
there are common ways to use a brick, but what's new? For this task, write down (or
sketch) all of the unusual, creative, and uncommon uses you can think of. You may use
the blank space below as well as the exr papers provided.

Scoring will be computed based on the uniqueness, elaboration, and total amount of
ideas. Elaboration indicates the amount of detail. A detailed description of each idea is
preferred and result in higher scoring (i.e. "an Object- 0,- "an Object to do Something
under XX Circumstance" - 2).

Before you start, please put on the heaphones When you are ready, press the "Start"
button. You'll have three minutes. Let's think hard and creatively!

Any questions?

Ideas:

Figure C-1. Front page
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Name_

Gender_

Race/ Ethnicity:
o African American/African/Black/Caribbean
o Asian/Pacific Islander
o Caucasian
o Hispanic/Latino
o Native American
o Other
o Prefer not to Answer

How familiar you are to this song?
1. Very familiar
2. Familiar and listened a couple of times before
3. Not familiar but listened at least once before
4. Never listened before

ThankYou!

Music played: -

Figure C-2. Back page
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Appendix D
Table D-1: Positive valence pictures selected from the lAPS

Description Slide Valence Valence Arousal Arousal Picture
No. Mean SD Mean SD Set

Gym 7240 6.02 1.93 5.51 2.12 20

Paintbrush 7509 6.03 1.35 3.43 2.02 19
Sushi 7477 6.12 2.03 4.82 2.32 18

Motorcycle 8251 6.16 1.68 6.05 2.12 14
Alcohol 7279 6.22 1.92 5.19 2.09 17
Grapes 7472 6.25 1.84 4 2.37 14
Clowns 2092 6.28 1.9 4.32 2.29 7

Farmland 5720 6.31 1.6 2.79 2.2 5
Plane 9156 6.43 1.59 5.79 2.3 11

Concert 7499 6.47 1.57 5.58 2.16 18
Butterfly 1602 6.5 1.64 3.43 1.96 8

Galaxy 5301 6.54 1.68 5.21 2.42 20
Nature 5750 6.6 1.84 3.14 2.25 1

Waterskiing 8205 6.62 1.42 4.17 1.93 15
Winner 8330 6.65 1.39 4.06 2.28 5

Skier 8031 6.76 1.39 5.58 2.24 8
Elephants 1812 6.83 1.33 3.6 2.11 9

Pastry 7220 6.91 1.74 5.3 2.35 11
HotAirBalloon 8162 6.97 1.55 4.98 2.25 7

Candy 7400 7 1.64 5.06 2.23 5
Liftoff 5450 7.01 1.6 5.84 2.4 5

Lion 1721 7.3 1.39 4.53 2.21 10
SportCar 8510 7.32 1.72 4.93 2.56 4

Astronaut 5470 7.35 1.62 6.02 2.26 6
Flowers 5200 7.36 1.52 3.2 2.16 3

Antelope 1620 7.37 1.56 3.54 2.34 1
Sky 5594 7.39 1.45 4.15 2.76 9

Mickey 1999 7.43 1.47 4.77 2.4 8
Fireworks 5480 7.53 1.63 5.48 2.35 6

WaterSlide 8496 7.58 1.63 5.79 2.26 9
Wedding 4626 7.6 1.66 5.78 2.42 14

Father 2165 7.63 1.48 4.55 2.55 9
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Mother
Rollercoaster

Bride
Girls

IceCream
Castle

Rafting
Baby

Money
Family
Nature

Skier
Baby
Baby
Seal

Beach
Bunnies
Puppies

Table D-2: Negative valence pictures selected from the lAPS
Description Slide Valence Valence Arousal Arousal Picture

No. Mean SD Mean SD Set
BumVictim
Mutilation

BabyTumor
Soldier

Accident
DeadBody

Injury
StarvingChild

Dog
HurtDog
Hanging
SadChild

Attack
SlicedHand

Vomit

3053 1.31
3064 1.45
3170 1.46
9410 1.51
3015 1.52
3120 1.56
3266 1.56
9075 1.66
9570 1.68
9183 1.69
9413 1.76
2800 1.78
3530 1.8
9405 1.83
9325 1.89

2540
8499
2209
2091
7330
7502
8370
2045
8501
2340
5760
8190
2040
2070
1440
5833
1750
1710

7.63
7.63
7.64
7.68
7.69
7.75
7.77
7.87
7.91
8.03
8.05
8.1

8.17
8.17
8.19
8.22
8.28
8.34

1.51
1.41
1.46
1.43
1.84
1.4

1.29
1.19
1.66
1.26
1.23
1.39
1.6

1.46
1.53
1.08
1.07
1.12

3.97
6.07
5.59
4.51
5.14
5.91
6.73
5.47
6.44
4.9
3.22
6.28
4.64
4.51
4.61
5.71
4.1
5.41

2.33
2.31
2.37
2.28
2.58
2.31
2.24
2.34
2.29
2.2
2.39
2.57
2.54
2.74
2.54
2.66
2.31
2.34

3
16
11
7
4
7
5
17
6
3
1
5
1
4
6
16
3
3

0.97
0.97
1.01
1.15
0.95
1.09
0.98
1.1

1.23
1.1

1.08
1.14
1.32
1.17
1.23

6.91
6.41
7.21
7.07
5.9
6.84
6.79
6.04
6.14
6.58
6.81
5.49
6.82
6.08
6.01

2.57
2.62
1.99
2.06
2.82
2.36
2.09
2.4

2.31
2.12
2.09
2.11
2.09
2.4
2.54

7
10
3
4

11
1

12
18
6

17
19
4
6

10
17
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SadChildren 2703 1.91 1.26 5.78 2.25 16
Cat 9571 1.96 1.5 5.64 2.5 7

Suicide 6570 2.19 1.72 6.24 2.16 6
Toilet 9301 2.26 1.56 5.28 2.46 14

CarAccident 9902 2.33 1.38 6 2.15 16
AimedGun 6230 2.37 1.57 7.35 2.01 2

Gang 6821 2.38 1.72 6.29 2.02 10
Ship 9600 2.48 1.62 6.46 2.31 5

Cigarettes 9830 2.54 1.75 4.86 2.63 6
Knife 6300 2.59 1.66 6.61 1.97 5

DrunkDriving 2751 2.67 1.87 5.18 2.39 9
Flood 9927 2.71 1.56 5.29 1.91 20

Pollution 9342 2.85 1.41 4.49 1.88 14
Terrorist 6213 2.91 1.52 5.86 2.06 11

Boys 9530 2.93 1.84 5.2 2.26 5
Fire 9623 3.04 1.51 6.05 1.88 17

MeatSlicer 7361 3.1 1.73 5.09 2.48 8
StickThruUp 9042 3.15 1.89 5.78 2.48 10

Ticket 9417 3.16 1.48 4.83 2.24 10
Roaches 1274 3.17 1.53 5.39 2.39 5

Alcoholic 2753 3.17 1.75 4.29 2.22 10
Harassment 4621 3.19 1.59 4.92 2.24 9

Cow 9145 3.2 1.39 5.05 2.26 18
Snakes 1111 3.25 1.64 5.2 2.25 7

AngryFace 2120 3.34 1.91 5.18 2.52 1
Injection 9592 3.34 1.75 5.23 2.09 12

ElectricChair 6020 3.41 1.98 5.58 2.01 4
Snake 1050 3.46 2.15 6.87 1.68 6
Spider 1220 3.47 1.82 5.57 2.34 1

Jail 2722 3.47 1.65 3.52 2.05 9
Tank 6940 3.53 2.07 5.35 2.02 4

Rat 1280 3.66 1.75 4.93 2.01 4
Police 2682 3.69 1.65 4.48 2.1 9

DentalExam 3280 3.72 1.89 5.39 2.38 5
OpenChest 3250 3.78 1.72 6.29 1.63 3

Garbage 7023 3.8 1.71 4.17 2.13 20
Hospital 7521 3.92 1.61 4.38 2.1 18

BarbedWire 9010 3.94 1.7 4.14 2.05 2
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