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Abstract

Emotions can influence creative thinking. The ability of people to have the
emotions ttat augment creativity catimerefore help them to achieve higher
creative task performancddow to design interactive systems that can
effectively make use of this potential is, however, still an unanswered
question. To explore possible answers to this toesve havedeveloped

two novel approache® interactive systems thatan be used to effectively

hackinto the emotioncreativity link.

One approach we developed enables a system to hack into the function of
motor expressions in emotion regulation, irder to regulate the emotions

that happen spontaneously during a creative task. We demonstrate that
embodied interactions designed based on motor expressions, while used to
interact with a system, can influence an intended emotion, and thereby

influence therelationship between emotion and creativity.

The second approach that we developed enables a system to hack into the

cognitive appraisal processes that help cause emotion during a creative

task. We demonstrate that believable computer generated feedabolt

§Z }E]P]v 0]3C }( ue E[* }Av ] U v U v]%po § 3§}
intended emotion, determine its intensity, and thereby also influence the

relationship between emotion and creativity.

The contribution ofthis thesigs the development afwo novelapproaches
to interactive systems that aim to influee the emotiorcreativity linkand
in particular the explication of the mechanisms underlying these
approaches. The studies form a novel contributionboth interactive

systems research and tleeeativity sciences.
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1.Introduction

Emotions can influence how people think and act in ways that augment or
diminish creative thinking-or instancewhen people experience positive
emotions,the flexibilitywith which information is made availallaring he
generation of ideas is increased, whzdn helppeopleto come upwith
more original ideasThe ability to have the emotions thatugment
creativity during activities that can benefit from creative thinkiogn
therefore help people toachieve highercreative task performance. This
presentsan opportunity for designers of technologies that aim to augment
creativity to develop systems that influence emotion, and via emotion,
augment creativity.Until now, however, research about ways in which
interactve systems can be designed to make use of the emotemativity

link, has been limitedThis is surprising, because creativity is often seen as
the new smart, a sought after skill that helps weling, innovation, and

culture thrive.

1.1 Research challenges

In this thesis waleveloptwo new approaches to interactive systems that
can make use of themotion-creativity linkwith the aim to help people to
get more out of their own creative capabilitiés particular, we focus on
explicating the mechanisms urfleng the proposed approachedhe
devebpment of an interactive systethat influences emotion to augment

creativity requires solving two challenges.

One challenge is to obtain knowledge about the aspects of emotion that

augment or inhibit creativity.
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Emotionshave been defined as responses to events that help adapt the way
A 8Z]vl v § ]V *u% % }ES }( JuE }Av v }8Z EJ[+ A oo
2004; Kappas, 2011; Scherer, 2009). Emotions consist of changes in a
number of emotion components, whiclan be used to explain the adaptive
changes that associate with emotion, and include: the cognitive appraisal of
events (e.g. this is appealing); action tendencies that prepare and guide
taking action (e.g. a tendency to approach); somatic and neuroendocri
responses that support and guide evaluation and action (e.g. dopamine
release in reward pathways); motor expressions that make up the physical
actions that occur in response to an event (e.g. smiling and approaching
movements); and feelings (also oftexferred to in the literature as affect
(Panksepp, 2000)), the aspects of the mentioned emotion components that

can be subjectively experienced (e.g. feeling joyous) (Scherer, 2009). See

Figurel
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Figurel Schematic of emotion regulation and causation. An event in the environment
causes emotion via cognitive appraisal processes, which feeds forward to drive changes in
action tendencies, somatic and netgndocrine responses, motor expressions, and
feelings. These emotion components feed back into each other, which enables regulation
of an emotion. Feelings are an exception, which due to its dependency on awareness,
influences cognitive appraisal processes only (after Moors, 2013; Scherer, 2009; Schwartz
& Clore, 2007).

Creativity has been defined as the development of ideas, insights, or
solutions that are both original and effective (Runco & Jaeger, 2012). A
number of components have been hypothesized to make up the factors that
enable creativity, whichnclude: the creative processa distinct set of
information processing steps that people cycle through when engaging in a
creative task, e.g. combining concepts enables idea generation, generated
ideas are evaluated based on their originality and effeotiss (Mumford et

al., 2012); andmotivation the arousal, direction, and persistence of

}ulv (e Z AJ}UE ~&E vl vU TiidoeU AZ] Z VeuE -«

sufficient resources into a creative task, to persist throughout the creative
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process, e.g. taskthat require creativity are often demanding, and
motivation can help increase the persistence of people during those

creative tasks (Collins & Amabile, 199@gFigure2

17



Figure2 Schematic of partfdhe creative process. To enable creativity, people cycle back
and forth through e.g. conceptual combination, idea generation, idea evaluation, and
implementation planning. The way these steps in the creative process are executed
determines creative tagherformance (after Mumford et al., 2012).

The relationship betweeamotion and creativitdepends on the influence

of the adaptive changes that are caused by emotion on the way people
think and act, on the execution of the creative process and the miotinzht
factors that enable creativity (Baas et al., 2008; Davis, 200493
information can be obtained by reviewing empirical research from
psychology about the relationship between emotion and creativity. This
informs what aspects of emotion such a sgsthould attempt to influence

in order to augment creativity. Thuthe literature review in this thesis is

used to take on the first research challenge.

The main challengehowever, is developing an approach to designing
interactive systems that enablelesesystemsto influence emotion, in a
manner that also suits creativity. The issue is that the influence of emotion
on the way peple think and actlepends on the nature of the events that
cause emotion, and the situation in which these emotions areedaus

(WilsorMendenhall et al., 2013). For instance, using positive pictures to
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causeemotion during a creative taskay cause positive emotions that are
directed towards those picturdsut do not carry over into the tas€liiew &
Braver, 2014 Itfollows hat the effectiveness of an interactive system that
aims to influence emotion to augment creativgyestrited by whether the
way the system influences emotia®m meaningful within the context af

creativetask (Gasper, 2003; Kaufnmeg Vosburg2002).

Tasks that require creativiiy particularmay impose a particular set of
restrictionson such interactive systems&or instance, an artificial social
S}IE Vv Z 0% E Ppuo § *Su vSe[ u}SJ}ve }v o E&V]VvP S -
be made meaningful withirthe context of a classical studemtor
relationship (Woolf, 2009). Howeveigr many creative tasksit is not
possible to find such a role for an interactive system. For example, because
creative tasks are often performed alone. In such cases the oalyimgéul
source of emotion isftenthe €& 3§} & [apgraisal of the mental events
that occur during the task. For instance, during an idea generation task the
cognitive act of combining different concepts can lead to the generation of
a new idea (Mumfar et al., 2012), whiclm turn can causpositive emotion
in the person who has had that idéef. Akhbari Chermahini & Hommel,
2012a;Zenasni & Lubart, 2011). What here would be a meaningful way to

influence emotion?

As one possible solutipnve suggestthat an interactive system can be
designed to enable the function of motor expressions in emotion regulation.
Motor expressions, the physical actions that form part of an emotion, have
a reciprocal relationship with emotion (Scherer 2009). For instance, we
smile when we experience a pleasant event (Ellgring & Scherer, 2007a), but
experiencing a pleasant event while smiling also increases its pleasantness

(Soussignan, 2002). Motor expressions may therefore be able to help
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regulate the emotions that are caukéy the creative task itself, in such a

way as to augment creative task performarieeedman & Forster, 2002

Asa secondoossible solutioywe suggesthat an interactive systermay be
designedto manipulate the cognitive appraisalf the events thatcause
emotion during a creative task. Cognitive appraisals, the subjective
evaluations of emotionelevant events|argelydetermines if andhow an
emotional response uofds (Moors, 2013 For instance, positive rather
than negative emotions are typicalgused when an event is appraised as
conducive rather than obstructive to your goals (Scherer, 2009). The
particular cognitive appraisals that help ca@seotion during a creative
taskmay therefore be used to cause the emotions that augment creative
task performance (cf. Akhbari Chermahini & Homm@&12a; Zenasni &
Lubart, 2011).

This is the basis of the way \address these research challenges in the

work presented in this thesis.

1.2 Research questionand objectives

These challenges translate into twasearch questions about whether
not our two new approaches to interactive systems can effectively influence
the emotioncreativity link. Each research questioifi be supported by two

research objectives.

RQ1: Can the function of motor expressions wtiemregulation be used
developan effective approach to interactive systems that infige the

emotioncreativity link?

O1: Demonstrate that imposing motor expressions can help regulate

emotion and augment creativity.
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The objective herés to experimatally demonstrate that imposing
motor expressions that associate with positive emotion and
approaching action tendenciesather than negative emotions and
avoiding action tendenciescan augment creativity; and that
incompatibility rather than congruend®tween a motor expression
and an emotion can also augment creativity during idea generation.
This is to justify using motor expressions to regulate emation
further research in an interactive systems conteStudy 1 is
designed to achieve this reselarobjective (chapte@. Note that

this study does not test the function of motor expressions within the
context of interactive systems yet. Rather, the study is aimed at
exploring ways in which motor expressogan influence the
emotion-creativity link, which aims to justify further exploration in
an interactive systems context, and which is the subject of later

studies

0O2:Demonstrate that an interactive system can be designed to use
the function of motor expssions in emotion regulation to help
people perform better on idea generation and insight problem

solving tasks that require creativity

The objective herés to experimentally demonstrate that embodied
interactions (arm gestures) designed based on met@ressions
that associate with positive emotion and approaching action
tendencies, rather than negative emotions and avoiding action
tendencies,and used to interact with a machine, can regulate an
intended positive emotion, and thereby augment creativ@tudy 2

is designed to achieve this research objective (chﬁter
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RQ2: Can the cognitive apsali processes that form part of positive and
negative emotionde usedto developan effectiveapproach to inteactive

systems that influendbe emotioncreativity link?

03: Demonstrate that an interactive system can be designed to use
the function of cognitive appraisal processes in positive and negative
emotion, to help people perform better on idea generatiskg that

require creativity.

The objective hereis to experimentally demonstrate that
manipulating computer generated feedback, about the originality of
% @Ee}v[e ] U 3§} §§ E }JE AYE+ 3Z V % }%0 SC
can cause an intended positive megative emotion accordingly, and
thereby influence ceativity during idea generationStudy 3 is

designed to achieve this research objective (chﬁter

O4: Demonstrate that an interactive system can begdedito use
the function of cognitive appraisal processes in determining the
intensity of positive and negative emotion, to influence the degree to

which creativity is augmented or diminished.

The objective hereis to experimentally demonstrate that the

manipulation of computer generated feedback, about the originality

H( % Ee}v[e ] U §} 38 E }JE A}E. 3Z Vv % }%
expect, can be used to condition the expectations people have about

their own ability to generate original ideas, and therefdrep

determine emotional intensity, and thuthe degree to which

emotion influences creativity. Study 4 is designed to achieve this
research objective (chap.
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This summarizes the research questions thawul attempt to answer, and
the research objectives we will attempt to achieve, in the research

presented in this thesis.

1.3 Contribution

Thecontribution ofthe research presented in this thesis is tleelopment

of two novel approaches to interactive ®ss, which aredesigned to
influence the relationship between emotion and creativity, with the goal to
help people to get more out of their own creative capabiliti€he
contribution focuses in particular on explicating the mechanisms underlying
the proposed approached.he contribution that we intend to make is to the
creativity sciences, the scientific study of creativity and innovation; and to
interactive systems research, the scientific study of the interaction between

people and machines.

Our studies presented in this thesontribute toresearch on interactive
systems that aim to influence emotion to augment creativity. However, as a
by-product ofour studieswe also claim to make novel contributionshe

more general areas ohteractive system that aim to augment creativity
interactive systems that aim to influence emotiamd to heory about the

emotion-creativity link This will be discussed in detail in chaﬁer

This summarizes the contributions of the resbgresented in this thesis.

1.4 Scope of the thesis

Throughout our studies we will focus tlwapabilitiesof owr two new
approacheson the relationship betweepositive and negative emotions

and creativity. This is motivated by our review of empiricalaretefrom
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psychology about the relationship between emotion and creativity, which
suggeststhat positive, rather than negative, emotions augment various

aspecs of the creative process$his is discussed in further detail in section

2.2

The scope of our research is further restrictedcteativity during idea
generation This is motivated by the observation that different aspects of
emotion influence steps in the creative processlifferently. As a
consequence, we will focus tleapabilities of our two approachesn the
relationship between positive and negative emotions and creativity during
idea generationThis is discussed in further detail in secﬁ\

The way in which we will enable our irgtetive systems to influence this
relationship, is by hacking into different emotion components. In theory,
many emotioncomponents eist that could be used for this purpose
However,as we already discussed in the above sectionthis thesis we

will only focuson motor expressions and cognitive appraisal processes that

form part of positive and negative emotion$his is discussed in further

detail in chapteﬁ an

This delimits the scope of the research that will be presented in this thesis.

1.5 CQutline of thethesis
This thesis is organised in the following chapters.

ChapteEI Literaturereview Reviewshe relationship betwen emotion and
creativity, and presentsdaiscussion of interactive systems that are designed
to influence emotion, augment creativity, and influence emotion with the

goal to augment creativity.
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Chapte Methods.This describes the general methodological approach

taken, and measurement instruments used in our studies.

Chapte Study 1: Motor expressions as creativity supftns describes

the study designed tachieveresearch objectiv®l

Chapte Study 2:Hacking intothe function of motor expressions in
emotion regulationto augment creativityThis describes the study desigin

to achieveresearch objectiv®?2

ChapteEI Study 3Hacking intocognitive apprae processes to augment
creativity during idea generationThis describes the study designed to

achieveresearch objective3

Chapte Study 4Hacking into cognitive appraisal processes to determine
emotional intensityto augment creativity during idea generatiohhis

describes the studdesigned tachieveresearch objective4.

Chapte DiscussionDiscusses the studies with regard to the research
questions and research objectives, the contributions made, and limitations
of the study results, based on which we recommend sevestitins for

future work.
Appendices:

Appendices-E Publishegeerreviewedarticles
Appendix FTechnical reporthat detailstechnical work relevant to

study 2
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1.6 Published articles

The following articles based on the research undertaken in this thesis ar

publishedand peer reviewed
Chapter 2

de Rooij, A& Jones, $2013 Mood and Creativity: MAppraisalTendency
Perspective. IlProceedings of the 9th ACM Conference on Creativity &
Cognition Sydney, 2013. ACM.

Chapter 4

de RooijA.& Jones, $2013. Motor Expressions a€reativity Support:
Exploring the Potential for Physical InteractiorRrioceedings ohe 27th
International British Computer Society Human Computer Interaction

Conference_ondon,2013. British Computer Society

de Rooij, A.2014. Toward Emotion Regulation via Physical Interaction. In
Companion volume of the Proceedings of the 19th International Conference

on Intelligent User Interfacddaifa, 2014. ACM.

Chapter 5

de Rooij, A& Jones, $2015 (E)Motion and Creativity: Hang the

Function of Motor Expressions in Emotion Regulation to Augment Creativity.

In Proceedings of the Ninth International Conference on Tangible,

Embedded, and Embodied Interacti®tanford, CA, 2015. ACM.
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Chapter 6

de Rooij, A., Corr, R, JonesS, 2015 Emotion and Creativity: Hacking into
Cognitive Appraisal Processes to Augment Creative |ddatPrceedings
of the 2015 ACM SIGCHI Conference on Creativity and Co@iasgow,

2015. ACM.

These articlesan be found i\ppendices £
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2 .Lterature review

A paper that presents some early theoretical ideas about the emotion
creativity link was presented at the poster session of th&é 8CM

Conference on Creativity and Cognition, June 2013, Sydney, Au$trdia.

paper is included jAppendk A

2.1 Introduction

In this literature review wevill present empirical research from psychology
on the relationship between creativity and emotiorhis informs what
aspects of emotion should be influenced by an interactive sys$tens to
augment creativityWe also present an overview of interactive systems that
are designed to influence emotion, augment creativity, and influence
emotion to augment creativity. This serves the psgof positioning the
research wealevelop in ths thesis within the context of interactive systems,
but alsoof exposingpossible limitationgo the effectivenesof previous

approaches.

2.2 Emotion and creativity

To inform the conception of an interactive system that aims to influence
emotion with the goabf augmenting creativity, one needs to know what

aspects of emotion influence creativity. These aspects of emotion then
become thefocus of the capabilities of such an interactive system, with

which it aims to influence the emotiameativity link.

Emoticn models differ in the way the relationships between the emotion

components are organised, what emotion components form part of
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emotion, andgenerallyhow emotion is conceptualised (Moors, 20@913
Shunan & Scherer, 2015)Iin this thesiswe wish toemphasisethat the
emotion model that is used as a basis for this review and our subsequent
studies is the componential modéhlso referred to as the component
process model (Scherer, 20p9Ve will discuss how this model relates to
the causation and reguian of emotion. We will emphasise the roles of
appraisalprocessesand motor expressions in these becauseytambody

the mechanisms that underlibe approaches developed in this thesis.

Following the componential perspective on emotias developed by
Sdterer (2009Wwe assume that there exssa reciprocal relationship among
the emotion components. Here, a typical emotional response is assumed to
be causedy events that areappraised in a manner that haeme bearing

v §Z Jv ]JA] p o[+ }E e«yellbping(Scherer, 2009)Appraisal
processesfeed forward into the (other) emotion components to drive
changesin the way people think and act, in order to form afapative
response toward theventsthat initially trigger the appraisal procesges.

eujo e C 8Z %% @E ]J* 0 38Z 35 v Avs]e }vpul]A 8§} ¢

goals).The componential model emphasises the importance of appraisals of

A v3e (E}u §Z 1]v JA] p o[+ VA]E}vu vs8 Jv 8Z u EP v

responsesSee Figure 1.

The conponential perspective also suggests thaamges in the emotion
components also feed back into the (other) emotion componeaisl
include bothpositive(enhancingand negativésuppressingfeedback loops
(Moors; 2013; Scherer, 2009)herefore, he modé assumes thathanges
in the emotion componentserve regulatory and dispositional functions
(Gross, 1998)That is, changes in the emotion components eahance

(positive feedback) dpe suppressive (negative feedback) to an emerging
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emotional response. For instancefegarding motor expressionsmiling
increases the funniness people attribute to a comic (appraisal) (Strack et al.,
1988); arm flexion increases positive feelings when it suggests pulling
something towards you that you desire (action temeles) (Centerbar et al.,
2006); smiling is shown to activate dopaminergic pathways in the brain
(somatic and neuroendocrine) (Wiswede et al., 2009); and mimicking
emotion expressions increases the consciously experienced feelings of these
same emotions (&ck, 2006; Flack et al., 199%he componential model
emphasises the role of individual emotion components in the regulation of

an emerging response.

Feed forward and fedzhck links between the emotion components also
indicatethat there canoccurbottom-up effects of changes in the emotion
componentson an emotional respongé&cherer, 2009)rhat is, changes in
the emotion components that associate with particular emotions can drive
changes in the other emotion components adiagly, whichcan possibly
drive changes in the way people think and act without the occurrence of an
emotionrelevant event(Carney et al., 2015Recent work suggestthat
expanding(vs. constricting)postures increaseisk tolerance (appraisal)
(Carney et al., 2010), cortisol artdstosterone levels (somatic and
neuroendocrine component) (Carney et al., 2016¢, feelings of power
(Carney et al., 2010Riskind & Gotay, 1989%and generallyinfluences
(adaptive) behaviouraccordinglywithout the ocurrence of an initial event
asa top-down cause of emotio(Carney et al., 201&uddy et al., 2015; Yap

et al.,, 2013) Even though one could argue that the componential model
could accommodate such bottenp effects, there are also reasons for not

emphasising such bottownp effectsin our studieqsee below).
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In this thesis wemphasisehe importance ofeventsin causingemotion,

the role of appraisalgherein (chapters 6 and 7) anthe subsequent
functioning ofmotor expressionas a way to regulate emotiofshapters4

and 5) This $in partdue to the large amount of evidence that exists on the
role of events andappraisal processes in causing emotion (seénstance
Moors; Roseman, 2004; Scherer, 2009; Siemer, 2007 for overviews); and
due to the large amount of evidence that éxigbout the function of motor
expressions (and other emotion components) in emotion regulates for
instanceCritchley & Nagai, 2012; Gross, 1988af et al., 2014; Price &
HarmonJones, 201%or overview$. We will further elaborate theoretically

onthese emotion components chapters 4, 5, 6, and 7.

The choices made also warrant a brief discussion on why there is less
emphasis of possible bottonp effects on emotion from for instance motor
expressionsn the emotion model used and studies basedrgion Note

that we do not wish to downplaghe importance of potentiabottom-up
effects of the emotion components on emotional respon&ney et al.,
2015) But there are some problesiwith the bottomup thesis of emotion

in relation to motor expressns specificallythat suggest that caution is
warranted (Pfaf, 2014; Price & Harmdones, 2015; Roseman, 2004;

Ranehill et al., 2035tanton, 2011l We will discuss the three main ones:

1. There is substantial evidence that emotions caused by events via
appraisal processes exert a much stronger effect on the emerging
emotional response than manipulating sagjotion caused by motor
expression (Roseman, 2008iemer et al., 2007 For instance, when
people are asked to smile throughout a sad molip, they will still feel
sad afterward (Tourangeau, & Ellsworth, 1979This suggests that

bottom-up effects ofmotor expressions aranited.
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2. A recent metareview on reaction time studies of approach and
avoidance movementsdicated thatmotor expressionare likely toonly
influence behaviour when they happen at the same time as an emotion
relevant event Rfaf et al., 2014 For instance, approach and avoidance
arm movements only influenced behaviour when people were asked to
appraise the emotion on a facettmar than nonemotional aspects such

. ( [* *% S] o (RdiEeV#el @& 5d.,2004 This suggests
explicitly that an event and its appraisal aneequired for motor
expressions to influence emotion.

3. Recent replication issuesf the Carney et al.2010) studysuggestthat
caution is wamanted with claims about strong bottwup effects of
motor expressions on emotionPiice & Harmowones, 2016 The
replication showed no effects of power poses on cortisol and
testosterone (neuroendocrine component)pr any effets on three
behavioural tasks that wersimilar tothe tasks used ifCuddyet al.
studies(Ranehill et al., 2015This despite a much larger sample, and
treatment of previous issues in the measurement approach used in the
Carney et al. stud{Stanton, 2011)We follow Price & Harmeadones
(2015 in their assessmerthat caution is warranted in basing any theory

on the Carney et astudiesat this point.

In light of this evidence, weel it is most constructivi® our own studie$o
focus onthe importance of events and appraisals in causing emotion, and
the subsequentrole of motor expressions in regulating emotions, rather
than focusing more strongly on anyottom-up effects. This, we feel,
justifies the use of the componential modelthe studies presented in this

thesis.

32



With the componential perspective on emotion in mind,wv nowreview

empirical findings on the relationships between emotion and creativity.

2.2.1Emotion and the creative process

To arrive at a creative outcome peopleleymack and fortithrougha range

of information processingteps, which have been characterised &%
problem definition, 2) information gathering, 3) concept selection, 4)
conceptual combination, 5) idea generation, 6) idea evaluation, 7)
implementation planning, and 8) solution monitag (Mumford et al.,
2012. For instancein the conceptual combination step in the creative
processone might combine concepts related to jogging and music, from
which the idea is generated to make running shoes withikk inumusic
player, which is evaluated as origibat not very effective, whichrompts
people to therefore cycle a few steps back in the creative process to

generate more ideas. This process is typically referred theasreative

processSegFigure2

Creativity in part depends on the way the steps in the creative process are
executed. Creativity can be enabled when each activity in the creative
process is executed in a way that enables effective information processing
in the next (Mumford et al., 2012). However, creativity can be augmented

when these activities are executed in a way that favours the emergence of
original and effective outcomes (Mumford et al.,, 2012). For instance,

increased flexibility in information procéss during idea generation makes

it easier to generate many and diverse ideas, which helps provide enough
material to develop an original outcome from. Subsequent idea evaluation

benefits from a focusing on details and systematically going through the

gengated ideas to ensure that they are indeed original and can be
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developed into an effective outcome (Isaksen et al., 2011; Mumford et al.,
2012).

The adaptive changes in the way people think and act that are associated
with different emotions, and the infence of these changes on the way the
creative process is executezhn therefore influence creativif3aas et al.,
2008; Davis, 2009). As such, emotions daninish creativity when the
adaptive response that constitutes an emotion works against therfact
that determine an effective execution of an activity in the creative process.
Conversely, motions can augment creativity when they benefit the
execution of activities in the creative process in a way that favours the
emergence of original and effeativoutcomes (Baas et al., 2008; Dauvis,
2009).

2.2.1.1Positive emotion augmenpsoblemdefinition information

gathering and idea generation

Emotions can be thought of in terms of the positive (e.g. happiness, pride)
experience they are often associated with hger, 2009). Positive
emotions emerge from the appraisal that events are conducive to an
individual[ goals(Scherer, 2009Positive emotions influendbe flexibility

with which information is made available to different processes that are
involved in e creative proces$@as et al., 2008For instance, an increase

in flexibilityincreases the chance that more remote concepts are combined
to generate ideas, which in turn increases the likelihood that a generated
idea is an original one. The associatizetween positive emotion and
flexibility can be explained through the newmodocrine component, as
positive emotions associate with dopaminergic activity in the prefrontal and

anterior cingulate cortexand the striatunm{Akhbari Chermahini & Hommel,
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2012b; Ashby et al., 1999), which plays a role in regulating the flexibility
with which information is relayed to other brain areas (Dreisbach &
Goschke, 2004; Dreisbach et al., 200%)addition, selfeported positive
feelings also associate with enhanddda generation (Baas et al., 2008).
Although the linkbetweenpositive emotion and creativity is most apparent
during idea generation (see Baas et al., 2008 for a-neetaw), recent
findings have also shown that the flexibility that is associated wihiye
emotions can benefiinsight andcreativity during the problendefinition
(Chen et al., 2004and information gathering (Gasper & Zawadzki, 2012)

steps in the creative process.

2.2.1.2Negative emotiomay or may not have an influence on emotion

Emotiors can also be thoughof in terms of the negative (e.g. anger, fear,
sadness) experience they associate with (Scherer, 2009). Negative emotions
happen when an event is appraised in a way that implies that it obstructs
% EIPE <« A E v ]v Iférénunedative Enmtidns influence
creativity in different waysHowever,from the literature it is not clear
whether the commonality between different negative emotions (i.e. they
are caused by goabstruction) enhance or diminishesan aspect of the
creative process in particulasge Baas et al., 2008r a revieW. The
adaptive response that is typically associated with negativity is an increased
focus on the event that causes the negative emotion (Baas et al., 2008).
Although negativityhave been liked to detail oriented and stelpy-step
information processing, which cgossiblyenhance idea evaluation and
diminish idea generatiofBaas et al., 2008)ecent findings have also shown

that this only holds for (negative) emotions caused by the apptheathe

outcome of an event is uncertain, such as anxiety (sef2i@nil.J.

Furthermore, some negative emotions associate with motivational factors
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that are beneficial to creative thinkirsgich as an inease in arousah the

case offor instancefear, or apprach motivationin the case ofor instance

anger (sectio[®.2.3. Therefore it is not cleardm the literature whether

the adaptive changes that associate with the negative aspectseohation

have an influence on otheteps in the creative procef3aas et al., 2008

2.2.1.3Emotions that associate with uncertainty augment idea evaluation

Emotions can alsbe thought of in terms of whether they associate with
certainty or uncertainty For irstance, happiness and anger associate with
certainty, whereas anxiety and some cases of sadness and fear associate
with uncertainty (Baas et al., 2011; Scherer, 20B8)otions that associate
with uncertainty occur when it is difficult to predict the outa® of an
emotionrelevant event. Certainty enables the use of hatio$ (Tiedens &
Linton, 2001), whereasnagertainty associates with a structured, step

step, and detaibriented approach to information processing in order to
increase the likelihood #t more certainty can be obtained about the
situation (Baas et al., 2012; Tiedens & Linton, 2001). The latter can inhibit
performance during idea generation because it drives a focus on details,
which limits generating many and diverse ideas. Howeveaniaagment

idea evaluationthe deliberative and reflective kinbecause systematic
information processing increases the likelihood that flaws in the details of a

generated idea are discovered @wden& Dawson2011).

2.2.1.4Mixed emotions, an open question.

Mixed emotions happen when people experience both positive and
negative emotions simultaneouglyarsen & McGraw, 20)1For instance,
this can occuwhen events are appraised as both conducive and obstructive

to different goals a person hashich may led to the emergence of
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simultaneous positive and negative feelirfgs Larsen & McGraw, 20111
Others have suggested that mixed emotions can also be caused when
different emotion components carry contrary emotional meaning (Huang &
Galinsky, 2011). For masce, when frowning angrily while being in a
situation that is evaluated as pleasghktuang & Galinsky, 2011¥ixed
emotions can potentially augment performanceidea generation because
they drive the feeling that the situation an individual is imisi@usual one
(Huang & Galinsky, 201Bmpirical findings suggest that mixed emotions
can eitherdrive an adaptive response that might resolve the situation
quickly, for example by accepting an unusual solution to the situation
(Huang & Galinsky, 2011), may drive attention to seeking out what is
unusual in the environment (Fong, 2006pr instance, a recent study
showed thatpeople categorize a broader range of exemplars as belonging
to a particular category when emoti@omponents are incompatibldor
instance, by smiling in a sad situatitiman when they experience a singular
emotion (Huang & Galinsky, 2011f) follows that this might augment idea

generation. This has however, not been tested explicitly yet.

2.2.2Emotion, motivation, and creativity

Motivation can enable creativity through the arousal, direction, and
persistence that form part of motivational processes (Amabile & Collins,
1999; Roskes et al, 2013; Sternberg & Lubart, 1996). Motivation is
important because creativityanbe demanding tolte individual. This is in
part because it requires the execution of complex and parallel cognitive
processes (Mumford et al., 2012), andoart because itarries risks about
whether the necessary investment of resources in a creative task, outweighs

its potential reward (Dewett, 2004; Unsworth & Clegg, 2010). Therefore, a
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certain degree of motivation is often seen as a necessary condition for

creativity to occur (Baas et al., 2008; Sternberg & Lubart, 1996).

Motivation can help ensure that people invesftfigient resources into a
creative task, to persist throughout the creative process, despite the
demands the creative process poses. For instamoesal the activation of

the sympathetic nervous systemassociates withattention to and
maintenance of e goals relevant to a creativeopess (de Dreu et al.,
2012; the direction of motivation,for instance the tendency to avoid or
approach, determines whether people invest their motivational resources in
the creative process or elsewhefRosket al, 2013); andpersistencean
enable people to compensate when the way they adapt to a situation is

initially not conducive to performance (Baas et al., 2008).
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behaviour in various wayEl(jott et al., 2013Russé| 2003; Scherer, 2009).
Emotion can therefore enable creativity via its link with the processes that

associate with motivation.

2.2.2.1Emotional arousal enables creativity

Emotions differ in the degreef arousal people tend texperence during
those emotions(Russé] 2003). Different appraisals drive artrease or
decrease in arousal. For examplaeppiness, anger, and fear associate with
higher levels of arousal than sadness or relaxdtibscherer, 2005). At the
neuro-endocrire level emotional arousal associates witbradrenergic
activity, and associates with the regulation of working memory capacity
(Chamberlain et al., 200&te Dreu et al., 2008 i.e. the ability to keep
information available for activities that involve pegsing multiple elements

(Baddeley, 2003 Increased working memory capaciign help increase
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attention to and maintenance of the goals relevant to a creative pr¢dess
Dreu et al., 2012). Therefore, emotions that associate with higher levels of
arousa associate witlcreativity morethose that associate witlower levels

of arousal (de Dreu et al., 2008; Filipowicz, 2006; To et al., 2012).

2.2.2.2Approach action tendencies support motivaemd positive

emotion

Emotions can also be thought of in terms kit action tendency
componentt U AZ] Z Z 0%o § Gul]v §Z ]E S]}v }( v ]Jv ]
behaviour (Frijda, 2007; Scherer, 2008pproach action tendencies, the
activation of goals and tendencies that drbhaviour towardhe pursuit

of positive outcomegSchater et al., 2011, p. 3Q0typically emergas part

of an emotion (e.g. joy, anger) when people appraise an event as goal
conducive and they believe that they have the resource to produce a
positive outcome Nlilgram & Tenne, 2000 Assuminghat a creative task

can facilitate a positive outcome, approach tendencies can direct motivation
toward the creative task, which enables creativity (Baas et al., 2011). This
can be explained at the neusmdocrine level by an association between
approach tendecies and dopaminergic activity thaissociates approach
tendences with working memory capacity, persistence, and flexibility
(Salamone et al., 2012n addition, approach rather than avoidance arm
gestures have been shown to influence creativity during gheeeration

and insight problem solving (Friedman & Forster, 200&)reover,
approach action tendencies also associate with an increase in litgxibi
(Friedman & Forster, 20p5which can augment creativity during idea

generation, information gatheringgnd problem findinglas described in

section(2.2.1.). This can be explained by the observation that the

motivation to pursue positiveoutcomes is likely to increase positive
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emotion (cf. Baas et al., 2008; Baas et al., 20119refore, emotions that

involve approach action tendencies can enable creativity.

2.2.2.3Avoidance action tendencies can enable persistence

Avoidance action tendencies, the activation of goals and tendencies that
drive behaviouraway from, that is to avoidhegaive outcomes $chater et

al., 2011, p. 300 typically emerge as part of an emotion when events are
appraised as threatening, and people believe that they do not have the
resources to cope with the situation (Milgram & Tenne, 2000). Avoidance
tendenciesassociate with a relatively narrow and detail oriented manner of
information processingHiedman & Forster, 2005 Therefore, avoidance
tendencies are typically not associated with creatifaty Baas et al, 2008;
Sowden & Dawson, 2011Hlowever, when &reative taskis believed to
facilitate avoiding something negativepeople tend to direct more
motivatioral resourcego that creative task and persist longer at that task
(Roskes et al., 2012; 2013). This in turn help enable creativitiyat
particularcircumstanceTherefore, emotions that involve avoidance action
tendencies an enable creativity whewgreativity can help facilitate the

avoidance of negative outcomes.

2.2.3Summary

We have reviewed empirical research from psychology on the relationship
between emotion and creativity. This review provides knowledge about the
aspects of emotion that an interactive system designed to influence

emotion, can attempt to target when it is designed with the goal to

augment creativitysegTablel|for an overview)

The review indicates that the link between emotion and creativity can be

targeted by the influence of emotion on the way people think awct
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during a creative procesBositive emotion can augment creativity during
problem finding,information gathering, and idea generatiomMegative
emotion has no influence, or diminishes creativity during idea generation,
but it is unclear whether negative emotions influence other steps in the
creative process. naotions that associate with unceidy diminish

creativity during idea generati, but augment idea evaluatiorfinally,

mixed emotionsnight be avay to target idea generatiqsectior 2.2.Jt.

The review also indicates that the link between emotion and crigatian

be targeted by the itfience of emotion on motivatioflemotional sousal
increass attention to and maintenance of the goals relevant to a creative
process enabling creativityApproach action tendencies diraobtivational
resources to the create process, andupport positive emotionFinally,
when creativity facilitate avoiding something negative, emotions that

associate with avoidance action tendencgas increasehe persistence

necessary to enable creativigection2.2.2).

The literature review presents an overview of the current state of empirical
research from psychology and the relationship between emotion and
creativity, and different aspects thereof. These different aspects can be
used as a target for dnteractive system that aims to influence the emotion
creativity link. That is, a designer of such a system can pick a (combination

of) aspects of emotion to influence creativity or a particular step therein.

The overview provided|ifablel|is added tgrovide a starting point

In the research presented in this thesis we will focus on developing

interactive systems that attempt to influendbe relationship between

positive and negative emotions, and creativity (ses1i@12.1.] 2.2.1.3.
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That is, positive and negative emotions are the targets for the interactive

systemgleveloped
This is motivated bihe following observations:

1. The differential effects opositive andnegative emotion®n creativity
during idea generatiohave the most solid base of empirical research to
support their relationship with creativi(Baas et al., 2008; Davis, 2Q09)
A focus on positive and negative emotiomishin the context of idea
geneation is therefore agood way to investigateour developed
approacles to interactive systems can be used to target the emetion
creativity link.

2. Afocus onpositive and negative emotionill also enablelis to compare
our own research t@n extensive body gbrevious work. This can be
used to support our focus on threechanisms underlying the impact of
the designed interactive systems on the emotioeativity link.The
latter, we feel will strengthen our contribution.

3. Positive and negative emotions can béf-ssported by asking people
about the feelings experienced during a creative tdskng selfeport is
a limitation imposed by the available resources for the studies in this
thesis. From the literature it is unclear to what extent other (aspects of)

emation can be selfeported on reliably. This we will address in detail in

the discussion section (sect|8r8.3.

It follows from these arguments thdhe contribution of the reviewed
literature about the relationship between eton and creativity supports
the use of positive and negative emotions as a target for the designed

approaches, and provides an overview for opportunities to develop other

42



types of approaches that target aspects of emotion other than the positivity

and neativity of an emotional response.
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Emotion components

poses

away from process

Persistence (dependent
on situation)

Enables creative proces:s

(dependent on situation)

Appraisal Action Somatic Motor Feeling Mediatingfactor Creativity Section
tendency
Goal Dopaminergic Positive Flexibility of information| Enhances problem def. |[2.2.1.1
conducive activity processing Enhances info. gathering
Enhances insight
Enhances idea generatic
Goal Negative Problem focus Unknown 2.2.1.
obstructive (Possibly) t8p-by-step (Possiblylnhances idea
analytical pocessing evaluation
(Possibly) érsistence (Possibly) enables
creative process
Uncertainty | Resolve Stepby-step analytical | Enhances idea evaluatio| [2.2.1.3
uncertainty processing
Mixed Resdve (possibly) Positive/ Focus on unusualness, | Idea generation [2.2.1.4
unusualness incompatibility | negative breadth of thinking
Noradrenergic Arousal Working memory Enables creative procesg|2.2.2.1
activity capacity
Approach Dopaminergic| Approach arm Flexibility Enhances idea generatiq [2.2.2.9
activity poses Mobilizationresources | Enables creative process
toward creative process
Avoidance Avoidance arm Mobilizationresources | Disables creative proces||2.2.2.

Tablel Overviewof thereviewed literature on the relationship between emotion and creativity taken from the perspedthesenfiotion components.
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2.3 Interactive systems that influence emotion and

augment creativity

To enablean interactive systento influence the relationship beween
emotion and creativityto augment creativitythe system needs to be able
to influence emotion in a manner that suits creativitythis setton wewill
review previous research anteractivesystems that are designed to help
influence emotion, interactive systems thataugment creativity, and
interactive systemghat are designed to influence emotian order to
augment creativityThe goal of thigeview is to position the research that is
presented in this thesis within the spectrum of these tetbgical
developmentsto provide arguments for its novelty, amdentify possible
constraintsthat can inform the development of owwn approach to such

interactive systems

2.3.1Interactive systems that influence emotion

Interactive systems can be designedntake use of the role of emotion in
human functioningFor example,&ch interactive systems can be designed
to: 1) Make use of the role of emotion in communication, to endow
interactive systems with communication channels that aa¢unal and
intuitive to people 2) adapt the way the system interacts to the changes
that associate with different emotior{s the way people think and acto
support people by helping them choose thesksthat suitthe emotions
they are havingand 3) influence emotion teelp determine the way people

think and act, in order to help useaslapt to different situationgPicard,

45



1997; Scherer et al2010. The research presented in this thesis is about

the latter.

We distinguish between four common ways in which interacixgems

influence emotion to help determine the way people think and act.

2.3.1.1Integration of techniques from psychology in interactive systems

Interactive systems often attempt to appropriateommonly used
techniquesto induce emotionthat are developed in # psychological
sciences for experimental research poses such as exposing users to
pictures, music, movie scenegr situationsthat have somebearing on
emotion (cf. Lench et al., 20115or instancean adaptive music player was
developed that can mmtor peoples skin conductance responses to
different songs, and, assuming a correlation between skin conductance and
arousal, is then able to selemnd playthe songs thatalm people down or
get them to be more exciteflan der Zwaag et al., 2018the examples
include interactive environmentshat conveyimages(Lewis et al., 201])
music (Morris et al., 2013)movie scenegGiannoullis & Verbeek, 2009),
smells(Giannoullis & Verbeek, 200@nd situationsChittaro & Zangrando,

2010 that associate th emotion

2.3.1.2Physiological technigues and biofeedback

Someinteractive systematilize the role of human physiology in emotitm
influence emotion. Such techniques can use the biofeedback paradigm, i.e.
presenting signals from the body back to the usgh whe goal that the
user learns to influence these signals, and with these sigm@dgnce their
own emotions. For instancea system designed @is%. 0 C pe @@the U

the instruction for userdo change their behaviour such that their EEG
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pattems fit a predetermined pattern that associates with increased
empathy, increases empathy in virtual environments (Cavazza et al., 2014).
Other approaches use the communicative value of physiological signals to
influence emotion. For instance, a ring thahde wornand is designed to
convey the heartbeat of anothgrerson,influences feelings of intimacy

(Janssen et al., 2010).

2.3.1.3Mirrors and mirroring

The manipulation diacial expressions of people in a manner that influences

emotion can also be used toeslelop interactive systems that influence

emotion Some manipulation technigues focus on humoristic manipulations

}( 8Z pe E[e }@Meldér et al., 2007; Shahid et al., 2Q18pr

instance, in analogy to the distorting mirror seen at carnivadgyitd

U vl%opo 3]}ve }( }v [* AV ( v u U Azl z v He &
positive emotions(Shahid et al., 2013)An alternative approachsito

u v]l]%puo s SzZ ( }( }8Z [+ HE]VP Jvs E% E-+}v o }uuy
the tendency of people to mirrdmimic) Z }SZ E[* ( ] 0o A%E *°]}ve |-
used (iedenthal, 200yY. For instance, subtle manipulations of facial

expressions using a videonferencing tool, to make the person a user is

talking to look more positive or negative, influences emotion in the user

accordinglyYoshida et al., 2013).

2.3.1.4Mimicking social interaction

The majority ointeractive systemghat are designed to influence emotion

attempt tomimic the ways in whicle }%.0 Jv(opn v Z }SZ E[* u}S]}ve
during interpersonal communicatioiBroekes et al., 2009; Fong et al.,

2003). Such interactive systems make use of the facial expressions,

postures, gestures, and vocal expressions people use to influerce &
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emotions(de Rooij et al., 2013This approach aims to develop computer

generatedsocial interactions. This may include mirroring as discussed in the

section above, bugenerallyinvolves a broad set of emotional behaviours

that need to be mimickedwhich can include mirroringFor instance,

mimicking social interactions can mean thaims expressions can be

designed to generate mirroring behaviours in the u@eg. confirming

positivity and approval in a confederafedatfield et al., 2014)This can be

done by endowing an anthropomorphic robot with the ability to mimic facial

expresvns. Someexpressions however may not cause mirroring, but lead

to countermimicry « A C }( }%]vP }E& E Pupo 3]JvP Vv}3Z E[e
response(e.g. in the case of anger from a peer or a superidrgrefore,

emotion recognition systems and computatiomabdels of emotion are

necessary to determine in situ the expression that is appropriate, and when

it should be expressed (Broekens et al., 2009). This way, mimicking social

Jvsd & 3§]}ve v v (( 8]A A C 8} Jv(op v pe E[+ u
influenceany associated adaptive behavioufsr instance, virtual avatars

endowed with these capabilities can make people feel encouraged when

these avatars express empathy at appropriate moments (McQuiggan &

Lester, 2007).

2.3.2Interactive systems that augment creatty

In order to help people get more out of their own creative capabilities
interactive systems can be designed to 1) support and augment creativity
when people engage in a creative task, 2) aid the development and training
of creativity, and 3) enable pple to have new experiencédsat may inspire
them to do creative workNakakoji, 2005). The research presented in this

thesis focuses on the first.
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We distinguish between threeommonways in which interactive systems
support and augment creativity when andividual engages in creative work

(afterBonnardel & Zenasni, 2010jbart, 2005).

2.3.2.1Unburdening the creative process

Interactive systems can be designecetmble a user teffectively execute
the creative process (Shneiderman, 2007). This can be doxedigning
VA]JE}vu v8e 3Z 8§ u]v]ul]l 8Z pE v }v pue E[ }IPV]3]A
minimizing the resources neeed to deal with anyfunctionality of an
interactive system that is not conducive to creatiyBpnnardel & Zenasni,
2010). For instance, CyatP [60 D AID "W ] Alepn 0 % E}IPE u
environment for media creation which allows access to advanced signal
processing algorithms, and lets users explore the results of their
programming in redime (cf. Shneiderman, 2007). This supports the
creative pocess because it allows users to construct algorithms and explore
the results without the need to wait for the software to compileis makes
it easier for a user to focus on the creative procd¢ssin turn makes
generating and evaluating ideas easwhen compared to traditional
programming languages, which require the user to compile the code before

its result can be seen.

2.3.2.2Supporting the use afeativity techniques

Interactive systems can also focus explicitly on augmenting activities in the
creative process byexplicitly supporting the use afreativity techniques
such adrainstorming or analogical reasoniftfewett, 2005; Sisarica et al.,
2013; Zachos et al., 2013). This can be done by using technigues tha
provideusers with heuristics that hethem execute the creative process in

a manner that augments creativitlyor instance, a mobile application that is
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developed for dementia carers supports idea generatiofetijng people

find solutions taa problem from one domaiby considering iin andher, in
order to support analogical reasoni(gachos et al., 2013). The application
allows a carer to input a situation that the carer encounters that requires a
creative solution. Based on this input the application prompts the user with
possible solutins that have been developed for similar situations that have
occurred in a different domairThis can inspire the user to translate these
ideas to their own situation and thereby helps the user to get more out of

their own creative capabilities.

2.3.2.3Collaboating with intelligent machines

Interactive systems can also be designed to collaborate with the user during
the creative process (Kantosalo et al., 2014). Such systems make use of
artificial intelligence techniques to carry out parts of tmeative proces,
whose outputtakes over and inforrs % ESe }( S Zowrpere&iye
process For instance, an interactive system tlats beendeveloped to
design drugs uses simulated evolution to automate idea generation
(Lameijer et al., 2006). The system autonadliiccombines and mutates
molecular structures. The results are presented to the user who evaluates
them and decides what molecular structures should be developed further.
This way, the interactive system takes over aspects of the idea generation
activity, and presents the results to the user for idea evaluation. This
enables the computer to take over aspects of the creative process, and

collaborate with the user to arrive at a creative outcome.
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2.3.3Interactive systems that influence emotion to

augment creatiwy

Interactive systems can be designed to influence emotion, and via emotion,
augment creativitySuch an approach to interactive systems is different

from the reviewed interactive systems that augment creatiggction

2.3.9), because iattempts to prepare the way the user thinks and acts, in a

way that suppos the execution ofa creative processand by supporting

the motivation necessary to do a creative téskction2.2). That is, it taps

into the ability of people to adapt to different situations, and supports that
process in a manner that is conducive to creativitgis in itself is a
relatively novel approach to interactive systems that aim to augment

creativity.

This is the approach vellow in the studies that are detailed in this thesis.

2.3.3.1Current attempts

Until now there have been relatively few attempts at designing such

systems. There is some work on thdegration of emotion induction

methods from psychology digital platformgsection2.3.1.1).

Primingtechniques using pictures that have some bearing on emotion have
been used on a crowdsourcing platform as a way to induce emotion during
an idea generation task (Lewis et al., 2014)this study, mitures were
presentedand placecdhext to a verbal and a visual idea generation task on a
computer screen. These pictures contained eithersipive (e.g. a happy
baby) neutral (e.g. a file cabinet), or negative (e.g. a natural disaster)
content. The studylid not discriminate between other aspeafsemotion

(e.g. action tendenciesr arousal) and all participants were motivated

51



extrinsically by paying them a small amount of money upon completing
each task. In the verbal idea generation task participante \weked to
generate many alternative uses for a common object (e.g. a brick). In this
task, showing both positive and negative pictures led people to generate
more original uses for a common object when compared to being presented
with neutral pictures. @ntrary to common findings in the literature no
significant differences were found between the positive and negative
conditions. In the visual idea generation tasks participants were asked to
draw as many sketches as they could on the basis of a cirsidtsR# this

task showed that presenting positive images rather than neutral or negative
images led people to draw significantly more original sketestall, this
study confirms that the relationship between positive and negative emotion
can be targetd by means of aninteractive technology which further
justifies ourown focus on positive and negative emotions during idea
generation. However, this study also suggests that there may be differences
in the effectiveness with which the way emotion isgtaed (here with
pictures that contain emotional content). The latter justifies our own studies
which aim to investigate novel ways in which the link between emotion and

creativity can be targeted.

Similarly,another study investigated the influence otdigng to musical
excerpts just before doing the remote associates task (RAT) on a
crowdsourcing platform (Morris et al., 2013). The RAT asks people to find a
word that is in common withhtee other given words (e.g. the correct
solution forfish, mine, rahis gold). This task is used as a proxy to measure
general creative abilitydere, participants were also extrinsically motivated
by paying them a small sum of money upon complefitve experimental

manipulations were 38econd musical excerpts of posgt ~ Z[-
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Brandenburg concert@nd negative musie- W E}1}(] A[e o £ v & E A«ICW
Russian under the Mongolian ypké&s a neutral condition no music was
used but people were asked to write down the date. Results for this study
were mixed. Initially, pasie music enhanced performance on the RAT
when compared to listening to negative music or writing down the date.
However, a prescreening task indicated that while there was a trend that
indicated that positive feelings prior led to better creative tasttgpmance

than negative feelings, the 25% of most negatively feeling participants
outperformed other participantslhere, the authors discriminated between
positive and negative emotions as well as arousal, but did not find effects of
selfreported aroushon creativity as measured during the RAT. The latter
confirms that the relationship between positive and negative emotion can
be investigated, also within the context of interactive systems. However
this study also suggests that the link between pasitand negative

emotion, the way in which these are elicited, and creatisippmplicated.

Finally, there is a study that used the tendency of people to mirror each
}18Z E[* (] o A % E|23]1Y as~e m&drsvtoatget the link

between positive and negative emotions during a collaborative idea
generation taskNakazato et al., 2014here two participants were asked to
collaborateto generatealternative uses for a common object (e.g. a brick).
This collaboration as mediated by a video conferencing tool that
MS}tu 8] 00C u v]%opo § SZ e E[* ( ] 0 A% E **]}ve §}
or more negative than they were in realfiyoshida et al., 2013y his study
also did not discriminate between aspects other than positivity or
negativity ofan emotion. The study results indicated that collaborating with
a personwhoseface was manipulated to look more positive, led pedple

generate more original ideas than when people collaborate with a person
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whoseface was maipulated to look more negative. These findings are in
line with research on the link between positive and negative emotions and
creativity during idea generation. Moreover, these findings again confirm

that the emotioncreativity link can be targeted usiag interactive system.

The few existing research projects that hdeen developed until now

indicate that

1. The development of interactive systems that aim to target the
emotioncreativity link is a relatively novel and unexplored field of
researchThatis, there are only three studies by others that address
this relationship explicitly.This justifies our studies from an
interactive systems perspective.

2. Positive and negative emotion can be targeted using an interactive
system in a manner thas conducre to creativity during amongst
others idea generationThis justifies further our own focus on the
effects of positive and negative emotions on creatislitlying idea
generation tasks

3. Other aspects of emotion than its positivity or negativity are not
explicitly focused on or were found ineffective in the research that is
currently available. Although this is an opportunity for novel
research, we focus on the mechanisms underlying new ways of
targeting the emotiorcreativity link.

4. Interestingly, thestudiesalsoindicate that the means with which an
interactive system influences the emotioreativity link matters
with regard to the effectiveness of such interactive systems, and
possibly with regard to the manner in which positive and negative

emotions aféct creativity. The latter justifies oown studies into
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novel ways in which interactive systems can target the emotion

creativity link.

The latter will be discussed in further detail in the next section.

2.3.3.2Limitationsand a critiqueof current attempts

Snce the field is new, little is yet known abdwiw interactive systems
should be designed to effectively influence emotion in a way that suits
creativity.The studies discussed in the above section indicated that the way
in which an interactive system tmts the link between emotion and
creativity matters. However, givahe little amount of research on such
interactive systemsye may turn toempirical research from psychology on
the influence of emotioninduction techniques on creativityfor some

further insight into this.

We believe thathlie main issue that such technologies need to overcome is
that the adaptive influence of emotion on the way people think and act,
depends on the nature of the events that cause emotion, and the situation
in which theseemotions are caused (Rufis003; WilsorMendenhall et

al., 2013). For instance, fear in response to a threat, e.g. seeing a dangerous
animal,consists of a somewhat differeatlaptive response than fear that is
caused in a social situation, e.g. in @pation of public speaking (Wilson
Mendenhall et al., 2013 hus, one would expect that an emotion that is
caused by an event that has nothing to do with a creative task, may

influence creativity differently.

Although there are no studies in the contextcreativityemotion research
that address this explicitly, we can turn to research on cognitive c@stel

Goschke & Bolte2014 for a review)There, empirical studies have shown
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that emotion that is induced in a manner that is generally task irmeieaen
leadto different effects than emotions that are caused in a manner that is
relevant to the task. For instancegcent studieson working memory

performance(which we have linked earlier to task performance duitirey

creative process, sectigl.2) showed that positive emotions that are

induced via pictures displayed prior to a tasktching taskcan impair
working memory performance, whereas performance contingent rewards

enhancedwvorking memory performandg&oschke &olte, 2014)

If we compare this to research on the emotineativity link (sectiorﬁl.Z

we could argue that there is a possibility that using-taskevant methods

to influence emotion are likely to lack the needed arogdalDreu et al.,
2011) or possible approach action tendencies (Roskes et al., 2013) to enable
creativity. That is, pictures used to target emotion may muster insufficient
motivational resources. The question then becomes whether this is because
these studes did not control for differences in arousal and approach
motivation for instance (section 2.2.2). So one conclusion could be that an
interactive system that aims to target the link between positive and
negative emotions and creativity should also exjlitarget arousal and
approach motivation, or at least make sure that possible different levels of
arousal and different motivational directioase elicited by task irrelevant

emotion.

If we compare this to research on interactive systems that are cbsign
influence the emotiorcreativity link gection 2.3.3.Lwe can also argue for

an alternative solution. Rather than using tasédevant means to cause
very specific emotions prior or during a creative task, we argue that the way

in which an interadte system should cause emotion, should be due to the
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task itself. That is, the manner in which emotians cause shouldtask

relevant.
We believe that there are several lines of evidence that support the latter.

First, the research on cognitive cortguggests that emotions that are
caused by taskelevant means influence working memory capacity
positively, which is a major condition for creativity to ocaoschke &
Bolte 2014).Rather than targeting emotions that are arousing or approach
motivated the sameeffect on working memorganpotentiallybe achieved

by making sure that any emotions that asused are believed by the user

to come from the task itself. That is, a system that ensures that emotions
are caused (or believed to be caused) lBydteativetask itself should result

in sufficient allocation of motivational resources to do the creative task in a

manner that can enable creativity.

Second, thereare differences in the effectiveness with whiclifferent
means can influence emotionthat also relate todifferences in task
irrelevance and tastelevance(see Lench et al., 2011 for a metview).

For instance, when comparidgferent methodsused toinfluence emotion,

the use of pictures that have some bearing on emgotiora way that isot
related to a task, e.g. showing a picture of a happy fadyis et al., 201]1)
does not lead to much adaptive change, if any, when compared to
influencingpositive emotionghat happenin response to the task, e.g. by
rewarding performance on the tagChiew & Braver, 2014}his further
justifies our ownfocus on interactive systems that target the emotion

creativity link by taskelevant means.

Third, literature about the effectiveness of emotion induction techniques

prior to, and irrelevant to a eative taskspecificallyfurther support these
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observations.When an emotion iswducedprior to a creativdaskand in a
way that does not relate to the task, there mayapeinfluence on creativity
butit is short lived (Kaufmann & Vosburg, 2002; N&uvaiden, 2013). For
ingance, inducing happiness rather theexdness prior to an idea generation
task only benefits idea generation in the first minute of the task, after which
creative task performance is simileor both ways of inducing emotion
(Kaufman & Vosburg, 2002)Similarly, enotions generated prior to a
creative activity only influence creativity when people believe that these
prior emotions apply to a creative task. For instance, the negative influence
of sadness on idea generation task perfance disappears when people
are told that they are free to come up with any idea they want (Gasper,
2003). The latteteads us to questiothe utility of such an @proach for
interactive systemsand suggests further thaany means with which
emotion istargeted during a creative tashould be relevant somehow to

that particular creative task.

These observationsan further le supported byinterpreting thepotential
use ofinteractive systems that influence emotiavithin the conditions
posed bycreative asks(seesection 2.3.1)For instance, in thpreviously

described experiment on using facial deformatioming a video conference

brain-storm session(section|2.3.3.]), the technique that is usedis

meaningful because the essistrickedinto thinking that another person, i.e.

the person with whom they engage during a bistorm session, is positive

about the brairstorm session. In this specific case this is a meaningful
source of emotion because people influence each dtheru}3$]}ve SZE}UPZ
social interaction, and social interaction is an inherent part of brain
storming with multiple peoplec{. Paulus & Nijstad, 2003n other domains

we see that social interaction can be mimicked to have similar effects, e.g.
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humanlike robot tutors that mimic the studertutor relationship (Woolf,

2009) (section2.3.1.4. However, there are many situations that require

creativity where there is no such dogy that can be exploited, because
many creative adotities are done aloneThus, the development of an
interesting system is not trivial if we assume that these need to be task
relevant (i.e. meaningful in a creative context) to be effective. However, our
previous discussions indicate that this is a neogssondition to develop
interactive systems that are effective in their ability to influence the

emotion-creativity link.

On the basis of the arguments presented in this section we believe that
research into the development of new ways in which interactiystems

can be designed to effectively influence the relationship between positive
and negative emotions and creativity during idea generagigumstified This
does however raise the question of how we should design an interactive
system that is releva or meaningful to a creative task, such that it can

effectively influence emotion in a manner that is conducive to creativity.

Thisquestionis the subject oftte research done in this thesis (chapters 4, 5,
6, and 7).

2.3.4Summary

This brief review on exisg attempts to develop interactive systems that
utilize the relationship between creativity and emotion shows that it is
possible to do this, and suggests that we can view this as a relatively new

category of systems designed to augment creativity.

Howe\er, empirical research from psychology suggests that using existing
interactive systems to influence emotion is limited when used within the

context of creativity We have argued that the techniquibat is used to
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influence emotion musbe meaningful withm the context of the creative

process for it to effectively influence the relationship between emotion and

creativity(section2.3.3.3.

If we compare these empirical findinfiem psychology (sectig@.3.3.2

with the review on interactive systems that are designed to influence

emotion (sectior}2.3.1), we see that these developed techniques offer few

opportunities.For instance, mroring andmimicking social interactioare
typically only meaningful in creative contewtiserethere isa precedent to
havesocial interactiog whereas much creativity happens alomée use of
techniques translated from psychology, as wasltechniques focusing on
physiology and biofeedblaenay be effective for a short time when they are
used prior toa creative task, but again, thesee unlikely to effectively
utilize the relationship between emotion and creativity during a creative

activity, because they are not a meaningful part ofdieative task itself.

Therefore, ew technique are required for the design of interactive
systems that aim to utilize the relationship between creativity and emotion.

These techniques will be the focus of our studies.

2.4 Summary of the literature review

In this chapter wehave presenteda review on empirical findings from

psychology on the relationship betwe@&motion and creativitysection

2.2). This reviewprovides the aspects of emotion that can enable and

augment creativityhrough their influence on thereative procesgsection

2.2.]), and on themotivationalfactors that are necessatp execute the

creative procesgsectior|2.2.4. This informs the conception of @mactive

systems by providing the aspects of emotiwet the system can influence.
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We have also reviewed research on interactive systésastion)2.3). This

review provides a brief overview afteractive systemghat influene

emotion(sectior 2.3.?, interactive systems thatugment creativitfsection

2.3.9, anda review about the existing approachesitteractive systems

that influence emotion to augment creativifgection2.3.3. This is done

with the goal to position ouresearch, and to uncover potential issues with
using existing interactive systems designed to influence emotion, to
augment creavity. Thefindings in this reviewmply that a new approach is

required

We believe that to remedy the discussed issues that associate with creating
interactive systems that use the emotioreativity link, there can broadly

be two types of approaches.

First, an interactive system can besdmed to regulate the emotions that
are caused by the creative task study ](chapte and study Achapter
we develop such an approath interactive systems, whicis able to

effectively hack into the function of motor expressions in emotion

regulation(RQJ. Also seg-igure3

Second, an interactive system can be designed to cause the emotions that
are typcally caused by a creative task study S(Chapter@ and study 4
(chapte we develop such an approath interactive systems, whids

able to effectively hack into the cognitive appraisal processes that help

cause emotion and at least to some extd can help todetermine the

intensity of these caused emotiorR(@3. Also sef-igure3

These interactive systems are designedhaxk intothe link between

positive and negative emotions, and creativity (ses1i®12.1.] 2.2.1.3.

That is,influencingpositive and negativemotions during a creative task is
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the focus of the capabilities tfie two approaches tanteractive systems
that are developedWithin this context,we focus in particular on the
abilities of the interactive systems to influence the link between positive

and negative emotions, and creativity during idea generafgettion

2.2.1.12.2.1.2.
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Figure3 Schematic of the emotiocomponents we focus on in the studies described in this
thesis. Studies (O1)and 2(02)focus on motor expressionshich inform the first type of
approach to interactive systems we deve{®82), whereas studies @03)and 4(04)focus
on the cognitive appraisal processasich informthe second type of approach to
interactive systems that aim to hack into the emotineativity link(RQ2)
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3.Methods

3.1 Introduction

In this chapter, we discussethgeneral methodological framewort)e
materials and measurement instruments that ased in our studies, and
our particularuse of quantitative methodslhe goal of this chapter is to
discuss the rationale behind the methodological choices made. To
accanmodate the reader, we also provide @arerview of the methods used

in the individual studies.

3.2 Generaimethodological framework

The research presented in thisesis describesthe developmentof two
novel approaches to interactive systems that influence télationship
between emotion and creativityln particular, the studies focus on
explicating the mechanisms underlying the developed approadfefave

argued that this requires knowledge about those aspects of emotion that

augment or diminish creatiyit(section2.2), and a way for an interactive

system to influence emotion in a manner that suits creativity (section

2.3.3.3. From an interactive systems perspective, such research is in an

early $age (section2.3.3.]). However,research from the psychological

sciences is more advancesk¢tiors|2.2.1|2.2.9. Therefore we base most

of our methodology on the ltr.

3.2.1Conception

The current state of related researdlom the psychological sciences
suggests that @onfirmatoryrather than an exploratoryesearchmethod

can be usedJohnson & Christensen, 2008hat is, test a priori hypotheses.
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This is because theris sufficient available empirical reseafobm the

psychological sciencdsgased on which we can conceive our interactive

systems (sections.3(6.3|7.3). To this endve attempt tobring together

empirical findings about the emotiameativity link (sectiof2.2), with

existingempirical findings about the things that influence emotion during a

creative task (sectiond.2|5.26.2/|7.2). Based on thjswe can develop

testable hypothesesbout the influence of our developed approaches to

interactive systems on the emotiameativty link,which lend themselve®

empirical investigation (sectiqds3|5.4.4|6.4.4|7.4.]).

3.2.2Making

To empirically confirnthe effectiveress of the conceived approaches to

interactive systems, we alsievelopa Z %0 GE }} ( }( irterackve fystem

for eachof theseapproacles (sectiors|5.4 6.4?. This is a common strategy

in interadive systems resgch, as it helps to validate approach withiran
interactive systemscontext €f. Olson & Kellog, 2014). The process of
making also helps to shape our intuitions aboutttiepretical basis of the
developedapproaches, which further spprts the process of research as a
whole ¢f. Lamers et al., 2013). Note that thge®of of concepinteractive
systems are specificalfiesigned to test the hypotheses, whiamits their
external validity with regard to practical application, but enables to
demonstrate better the mechanisms underlying our approachds (
Hornbaek, 2013). We assume that demonstratiath a proof of concept
further supports the intended contribution of the research presented in this

thesis.
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3.2.3Experimental evaluation

The confirmatory approactadopted in this researcBuggests the use of
randomizedexperimentalstudy designgJohnson & Christensen, 2008).
Therefore, ve adoped the standard approach to randomized experiments
as described inShadish, et al., 2002The studis described in this thesis
will be conducted under controlled conditions, as is consistent with our aim
to demonstrate the workings of our developed approaches (cf. Olson &
Kellog, 2014)Following the positivist tradition, we assume that if the data
obtained in the studies uphold the hypotheses, tomjecturedapproach to
developing interactive systems supports the intended contribution of the
research presented in this thesi$he particulars of the experimental
designs that were used are describedhe tmethod section of each study

chapter (sectiog4.5|[5.56.5(|7.5).

A fundamental questioregardingthe results of experimental studieshow
valid they are, i.e. the extent to which the results generalize (Shadish et al.,
2002). To discuss the validity of the results of our studies we adopt the four

threats to validitframework as described b$l{adish et al., 2002

1. Conclusion validity the degree to which conclusions that are reached
about the relationships in the data obtained in the study are reasonable

2. Internal validity- the degree to which we can place confidence in the
cause and féect relationship in the study

3. Qonstruct valiity - the degree to which the instruments and tests used,
measure whais claimed to be measured.

4. External validity- the degree to which the results of the study can be

generalized to other people and to other situations.
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We will use tk threats to valility framework as a checklist during the
design, and interpretation of the results, of our studRsssible threats to

validity will be discussed where appropriate.

3.3 Materials and measurements

To enablethe experimental studyof the influence of the deveped
approaches to interactive systems on the emotogativity link,we need

to make some decisions about the materials and measurement instruments
we use.First, we needcreative task to gather databased on which
creativity can be assesseflecond, weeed a measurement instrument to
assess creativitin order to quantify the gathered data, which is used to
evaluate whether the developed interactive systems influence creativity.
Third, we need a measurement instrumentagsess emotionyhich can be

used to tie the influence of an interactive system on creatiitythe
emotion-creativity link. The rationale for the materials and measurements
used will be addressed in these sections. Because these determine in part
the validity of the experiments, wa#so disciss possible threats to validity

that we either need to accept, or that we can address in our study designs.

3.3.1Creative tasks

To gather datébased on which creativity can be assessesl,require a

creative taskWe previously argued that individuakativity depends on

the execution of the creative process and on motivation (sg¢&ign The

processes underlying these, however, differ with the context in which
creativity occurs (e.g. Mumford et a2010 Dewett, 2004)This suggests
that creativity is bdsstudied in situ (Amabile, 1983HEnotions, however,

differ in the waythat they influence the execution dfifferent steps in the

creative process (sectifh2.1). Thiscomplicates experinrgal evaluation of
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creativity as a wholeFor similar reasons, researchers often resort to
psychometric tasks (cf. Baas et al.,, 2008)ich can emulate individual
steps in the creative process, and provide test situations to study
motivational factors unekrlying creativity in isolation(Cropley, 2000 We

follow the same approach.

Of these psychometric taskde Alternative UsesabBk (AUT) is used to
emulate the idea generation step in the creative process (Zheng et al.,
2011). The AUT typically requirpsople to list as many, diverse, and
original uses for a common objdetg. a paperclims they can (Le2004).

This mimics the function of idea generation in creativity, i.e. generating
sufficiently diverse material from which original ideas can besldped
(Cropley, 2006)Note howeverthis test does not alloor testing %o } %00 [
ability to generate effective idegRunco & Jaeger, 2012)d therefore has
limited construct validity astask forevaluatingcreativity as a whole (Zheng

et al.,, 201). However, it does suit our studies, because the link between

positive and negative emotionsvhich we aim to studyis thought to

support originalityrather thaneffectiveness (secti¢p.2.1.]3.

The construct validity of théUT is relatively strong when used as a
measure of creativity during idea generation (Runco & Acar, 2012). This
does however,dependon how it is administered (Zheng et al., 20The

following issues need to be addressed or accepted in our study stesign

1. The results of an AUT are susceptible to its instructions (Silvia et al.,
2008). To emulate idea generation more accurately, instructions must
prime the goals people have that are typical for idea generation during

the creative process (cf. Cropley, BDOMeasurement error can be
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reduced by framing the instructions such that the generation of original
ideas is emphasized (Lee, 2004).

2. The AUT ialsosusceptible to training effects (Baer, 1996). Measurement
error, here,can be reduced by minimizing thieanice thatpeople do the
AUT multiple times

3. The AUToncerndrivial objects(e.g. bricks, paperclipghich might not
motivate people irthe mannerthat a realworld creative process would
(cf. Zheng et al., 2011). Given the relationship between mativaind
creativity, it may yield results that are different from the ones it purports

to measure. This we need to accept when using the AUT.

Theway these possible threats ta@lidity are addressed in our studies is

described in the method sections of thtudy chapters (section.5.2.]

5.5.2.11|6.5.2.] 7.5.2.2.

3.3.2Assessment of creativity

A measurement instrument tassess creativitig necassary to quantify the
data gatheed with the adoptedcreative task Typically, the results from a
creative process can be judged based on the originality and effectivehes
its outcomes (Amabile, 1983Nhen a creative task is done in situ, domain
expets can be asked to reach a consensus about what ideasigireal and
effective (Kaufmaret al., 2009). However, in psychometric tasks;h as

the AUT problems tend to be more abstract and trivial (Zheng et al., 2011).
In such cases, people tetmlagre 0 ++ }v AZ §[« }E]P]v af.v pv}E]P]v o
Dunbar & Forster, 2009; Kaufman et al., 2008hich indicates thaa
consensal approachis not a reliable measure for such creative tasks.
Therefore, researchers often resortdbjective scoringethods, wheh aim

to quantify the data obtained from a creative task by using basic statistical
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operations (Guilford, 1967). In our studies we use dbgctive scoring

method as follows.

The objective scoring method used in our studies assesses creativity as
flueney (amount of ideas), flexibility (amount of concepts used), and
originality (statistical infrequencyf idea9 (Guilford, 1967). It is already
clear that, in line withthe use ofpsychometric task such as the AUT,
objective scoring dmsnot enable assessnt of effectiveness (Zheng et al.,
2011). It does, however, offer a way to assesgential underlying
mechanisms that are argued to enable the generation of original ideas, i.e.
fluency and flexibilityigaksen et al., 2011; Mumford et al., 2DIhis sits

our studies, because the link between positive and negative emotions is

thought to support originalitysection2.2.1.].

The construct validity of the objective scoring method is typically high
(Plucker et al., 2014), armhn be generalized at least to some extent to
creative ability as a whole (Runco & Acar, 2012). There mosever,be
several potential sources of measurement error that either need to be

accepted, or need to be addressed in our study design:

1. Fluencyis confounded withoriginality (Silvia et al., 2011). That is,
generating more ideas increases the likelihood that these ideas are
statistically infrequent Measurement error can be reduced by
recalculating the originality scores in a way that correctsdendy (e.qg.
the percentage of original idea®lucker et al., 2011).

2. Originality as assessed with the objective scoring meithathbiguous
(Silvia et al., 2011). That is, both original and bizarre ideas are statistically
infrequent. Measurement error aaot be reduced without introducing

some form of subjective judgment (e.g. Beneeleél, 2013).
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3. Originality as assessed with the objective scoring mettwdelates
negatively with sample size (Silvia et al., 2011). That is, the likelihood that
a generagd idea is statistically infrequent decreases when the amount of
ideas used to assess this increabbis we need to accept when using the

objective scoring method.

The way these possible threats to validity are addressed in our studies is

described in tB method sections of the study chapters (sectjdrs?2.2

5.5.2.1|6.5.2.2 7.5.2.3.

3.3.3Assessment of emotion

Furthermore,a measurement instment is needed toassess emotion,
which can be used to tie the influence of an interactive system on creativity,

to the emotioncreativity link. We previouslgxplained that emotions

include changes in emotion components (secﬁcﬂ?. It has been argued

that the only way to assess emotion is to assdissfthese changes in the
emotion components (Scherer, 20Q5d hat is, assess cognitive appraisals,
action tendencies, somatic and netgndocrine responses, motor
expression, and feelingsSee(Mauss & Robinson, 2008y a review It is,
however, unclear to what extent measures of the emotion components can
be combined to assess emotion (Hollenstein & Lanteigne, 2014). Therefore,
researchers often resort to the assessmefitfeeligs alone (Feldman
Baret, 2004). That is, assessimanly the aspects of the emotion
components that can be subjectively experienced (Scherer, 2009). We

follow the same approach.

Feelings can only be assessed by asking pabpld them(Gray & Watsn,
2007;Larsen &rizmieLarsen, 2006). This requires people to translate the

aspects of the emotion components they can experience, into a medium
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that suits our quantitative methods. Not all changes in the emotion
componentscan be subjectilg experieced (Scherer, 200%binstead,
people experience the gist of an emotion. If ®wever, commonly
accepted that feelings allow people to distinguish between positive and
negative emotions, indicate their intensity, and levels of arousal (Gray &
Watson, 20@; Reisenzein, 1994). Sedport can therefore be used in our

studies, because we exclusively focus on the relationship between positive

and negative emotions, their intensity, and creativity (sef&iari.].

It has been anged that, because seléported feelings are subjective
reports, construct validity is always high, unless participants are untruthful
(Gray & Watson, 2007 Nevertheless, itere may be several potential
sources of measurement error that either need to lbeepted, or need to

be addressed in our study design:

1. The response format used biasekat is reported (Scherer, 2006b
Measurement error can be reduced by using scales, rather than
categoriessince scalebetter mimic the aspects of an emotion people
can experience (Gray & Watson, 2007).

2. Feelings are only accessible during an emotion (Scherer, 2009), but self
report at that moment would interfere with the creative task.
Measurement error can be reduced by limiting the time between an
emotion and the momet of selfreport (Gray & Watson, 2007).

3. Feelings can beecalled from memory, after the time at which an
emotion happenedRobinson & Clore, 2002). Measurement error can be
reduced by supporting recally explicitly referring to the situation and
particdar emotional feelings that are of interest to the study (Gray &
Watson, 2007).
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The way these possible threats to validity are addressed in our studies is

described in the method sections of the study chapters (se¢ddng.3

5.5.2.:"6.5.2.2 7.5.2.3.

3.3.4Manipulation checks

To support the internal validity of the experimental desigms,carry out
manipulation checkgheckfor possible a#érnative causesand confounding
variablesthat couldprovide an alternative explanation of the effects of the
interactive systems on the emotiameativity link(Shadish, et al., 2002The

checks that are carried out are particular to each study, andeseribedn

the method sections of the study chaptésection4.5.2.4|5.5.2.4|6.5.2.4

7.5.2.9.

3.4 Quantitative methods

The use of randoired experimental study designs suggests the use of
guantitative methodgo support the validity of the conclusions that i
drawn from the collected datéShadish et al., 2002Jhat is, v assume
that, because we camake very specific predictionsali the effects of our
interactive systems on the emotiameativity link the results should only be
accepted as significant if it is very unlikely that the effects found can be due
to chance Quantitative methods can aid hebg supporting the conclusion

validity of any claims madEield, 2013)

In each study we make use of the descriptive and inferential statistical
methods that are appropriate to the used experimental designs. We follow
the recommendations of quantitative methods for experimental s&i@is
described in (Field, 2013). Because the relationship under investigation is a

dependent one (i.e. the effect of the interactive systems on creativity via its
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effects on emotion), we supplement these methbdgsthe use ofPearson)
correlationsas sugested by (Hayes, 2013 hisresults in the followingise

of quantitative methods:

1. Descriptive statistic$ to describe the central tendency and variability of
the obtained data

2. Correlations to test whether there is an association between emotion
and ceativity across the experimental conditions.

3. Inferential statistics to test whether there is ra effect of the way the

interactive system is used emotion, andon creativity, separately.

This particular cascade of quantitativeethodsis used to expiate the
mechanisms underlying the effects of the interactive systems on the

emotion-creativity link, and as such, can help provide evidence for the way

our approaches to interactive systems are conceived (se¢hdpE .6).

That is, we assume that if the inferential statistics show that there is an

effect of the experimental conditions, i.e. the way the proletoncept

interactive systems are configured, on creativity (se¢8dh? and on

emotion (sectiolB3.3.3 separately, and there is also a correlation between

the measures creativity and emotion variables, this is treated as evidence
that the designed interactive system can effectivefjuence the emotion
creativity link. The particular quantitative methods that are usedre

discussedhroughout the results sections of each study chapter (sections

4.6| 5.6|[6.6)|7.6).

3.5 Summary

In this chaptewe have discussed the general methodological framework,
the materials and measurement instruments, and approach to quantitative

methods usedn our studiesWe suggest thatambiningconception(i.e.
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synthesising a theoretical basishased on empirical findings from

psychology(section3.2.1), with making proof of concept interactive systems

(section|3.2.9, and testing the us®f these systems using randomized

experimental studiggs the appropriate general methodological framework

for our studiegsection3.2.3.

Given the restrictionsand opportunities posed by the adopted
methodological frameworkthe focus of our studies on the relationship
between positive and negative emoti@ndthe focusof our studies on the
idea generatiorstep in the creative processve selected three types of
materials and measuremeinstruments. We adopted the Alterinae Uses

Task as a way to gather data about creativity during idea genefagotion

3.3.]), assessd creativity using the objective scoring methdskection

3.3.3, and askd people to seHleport their feelings as a way to assess

positive and negative emotior{section3.3.3. Because we experimented

with the way these materials and measuremewese used, their details
will be discussed further in each of the methsections of the study
chapters(section 54.5| 5.5 6.5| 7.5).

Sincewe need to test whether the effects of odevelopedinteractive

systens influence emotion in a manner that augments or diminishes
creativity, we will supplement the standard approach to using quantitative
methods with the experimental designs used, with analyses that specifically

facilitate testing such dependent relationzi (sectionﬂ. Because

different types of quantitative analyses suit the different experimental
designs that we have used throughout our studies, we discuss their details
further, where appropriate, in the resslsections 6 the study chapters

(section$.6)|5.6/|6.6||7.6).
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Finally, 6 further accommodate the reader, wew provide an overview of

the methods ued in the individual studigsection3.6).

3.6 Overview of the methods usedtime individual

studies

As will be discusseitt more detailin the study chapters, we have used
different experimental designs to meet the needs of thdferent
hypotheses developed to test our approaches to interactive systems. Within
this context, we have also used different ways of implementing the
measurement instruments, to address threats to constuadidity of the
measures used, and we have mage of different quantitative analyses to

meet the demands of the used experimental desigtese we present an

overview of the methods used in theindividual studiegTable2).
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Study 1

Study 2

Study 3

Study 4

Experimental

- Betweensubjects

- Betweensubjects

- Within-subjects

Betweensubjects

design
Quantitative | - Mean standard |- Mean gandard - Mean, standard | - Mean, standard
methods deviation deviation deviation deviation
- Pearson - Pearson - Pearsa - Pearson
correlation correlation correlation correlation
- Ttests ANCOVA | - ANOVA - Linear mixed - ANOVA
- Sobeltest model analysis
Creative tasks| - AUT (problem - AUT - AUT - AUT

solving variation)

- Insight problem

solving test
Assessment | - Fluency - Fluency - Originality(%) - Originality(%)
of creativity - Flexibility - Flexibity automated automated
- Originality - Originality(%)
Assessment | - Very unpleasant | - Very regative - No satisfactiont - No satisfactiont
of emotion very pleasant verypositive much satisfaction much satisfaction

- No frustration

much frustration

Nofrustration

much frustration

Table2 Overview of the different methodssed in the study designs. This includes the
experimental designs, quantitative analyses, creative tasks, and ways in which creativity

and emotion were assessed
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4.Study 1: Motor expressions as

creativity support

A paper that details thstudydiscussed in this chapter was presented at the
27" International British Computer Society Human Computer Interaction

Conference, September 2013, London, United Kingdons @géper is

included injAppendix B A paper that expands on the findings in this

experiment was presented at the doctoral consortium of th@"

International Conference on Intelligent User Interfaces, February 2014,

Haifa, IsraelThis paper is includedAppendix €

4.1 Introduction

In this chapter we review empirical research from psychology about the
function of motor expressions in emotion regulation. Based on this review,
we conjecture two ways in witignotor expressions can augment creativity:
congruence of motor expressions with emotions that are known to augment

creativity, such as positive (sectiﬁ?.l.i, rather than negative emotions

(section2.2.1.3; andincompatibility of a motor expression with an emotion

(cf. sectiof2.2.1.4. Here, incompatibility refers specifically to incongruence

between a motor expression and other emoti@tevant features that is
sustained over a lengthy period of time, such that aside from a suppressive
effect on emotion, an adaptive response akirmt@motionin its own right
emerges (Huang & Galinsky, 20IMWyoways of posing motor expressions
that either associate with posigvemotion and approach action tendencies,

or with negative emotion and avoidance action tendencies, and two

problem situations, that are either positive or negativerengesigned to
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experimentally evaluatthese conjectures. The stugyovides preliminary
evidence and therebgemonstrateshat motor expressions that associate
with positive emotion and approaching action tendencies, rather than
negative emotions and avoiding action tendenoi@s augment creativity;
and that incompatibility rather than cgruence between a motor
expression and an emotion can also augment creativity during idea
generation. Note that this study does not test the function of motor
expressions within the context of interactive systems, rather, the study is
aimed at exploringnew ways in which motor expressions can infice the
emotioncreativity link which aims to justify further exploration in an
interactive systems contexfThus, thecontribution of thisstudy is a
demonstrationof two ways in which imposing motor expressioas help
regulate emotion and augment creativitjresearch objective Q1This
justifies using the function of motor expressions in emotion regulation
within an interactive systems contexthich we believeis a good first step

towards answeringeseart question RQ1

4.2 Motor expressions and emotion

Motor expressionare the physical actions that form part of an emotion
(Dael et al., 2012; Ellgring & Scherer, 2007a; 20@dv)instance, we smile
when we see something nice, or we might push away the thwvegdo not

like. Motor expressions also regulate emotion (Critchley & Nagai, 2012;
Price et al., 2012). That motor expressiongnable peopldo exertsome
degree of control over themwn emotional responses (Gross, 1998). This is
becausethe emotion ©mponents do not only feed forward to help
determine a motor expression, motor expressialso feed back into tlse

emotion components taegulate emotion (Moors, 2013; Scherer, 2009).
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That is, he feedback relationships that exist between motor exprassio
and the other emotion components enable expressions to influetioe
disposition towards having certain emotions, aadnfluence theintensity

of those emotiongCritchley & Nagai, 2012; Price et al., 2012)

Thefunction of motor expressions in emotoregulation can be described

from three perspectives.

Figure4 Schematiof the functionof motor expression congruence in emotion regulation.
Congruence of a motor expression with an emotion feeds back into the somatic response
action tendencies, and cognitive appraisals, which increases disposition towards, and
increases the intensity of, congruent emotoria positive feedback)({Some aspects of

motor expressions might feed forward into shaping an individfaklingswhich then
affects the way feelings can influence cognitive apprdtadhed arrows).

Congruencdéetween a motor expression and an emotion provides positive

feedback to that emotion, which increases the disposition to have, and the

intensity of, that emabn (Figure4). For instance,smiling increases the

pleasantness associated with pleasant pictugmigsignan, 2002; Strack et
al.,, 1988; arm flexion increases positive feelings when it suggests pulling

something towards you thayou desire, facilitating approach action
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tendencies Centerbar et al., 20Q&acioppo et al., 1993smiling is shown
to activate dopaminergic pathways in the braiigwede et al., 2009and
mimicking emotion expressions increases the consciously iexped
feelings of these same emotionblgck, 2006; Flack et al., 199%ee
(Critchley & Nagai2012 Price et al., 203,2Reimann et al., 20)2for

overviews.

Figure5 Schematiof the functionof motor expression incongrueniceemotion
regulation. Incongruence between a motor expression and an emerging emotion can
suppress the other emotion components by providing negative feedfaualhich
decreases the disposition toward, and the intensity of, an emerging emotion. Sostsasp
of motor expressions might feed forward into suppressiaividualg feelings, which then
affects the way feelings can influence cognitive appraisal (dashed ariéw&pngruence
is sustained over time, a senskincompatibility can emergevhichdrives an adaptive
response akin to an in emotion in its own right.

Incongruencebetween a motor expression and an emotion provides

negative feedback to that emotion, which decreases the disposition to have,

and the intensity of, that emotionFi{gure 5). Incongruence enables

suppressiorof an emotion when a motor expression that would naturally
occur as part of an emotion, is inhibited at the moment that emotion is

caused (Centerbar et al., 2008; Gross, 1998). For instance, Bisig
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(commercially called Botox) to inhibit frowning reduces symptoms df mil
depression (Davis et al., 2Q010inzi & Wasserman, 2006); inhibiting facial
expressions that associate with a particular emotion, impair the ability of
people to recognize that s& emotion in others (Oberman et al., 2007);
and, inhibiting motor expressions disrupts overall emotional processing
(Centerbar et al., 2008; Gross, 1998; Neumann & Strack, 20@0yvay we

use the term incongruence in this thesis refers to a brief amblyi
mismatch between a motor expression and events that cause emotion
which is assumed to suppress an emotional response and thereby
negativelyinfluence the intensity of aemotional response. Note that this is

the focus of study 2 (chapter 5).

When incangruence persists over time, a sense ofcompatibility can
emerge, which not only suppressesiotion but also causes a response
akin toanemotion in its own right (Huang & Galinsky, 2011). This response
is characterized by thappraisaland feeling thathe situation $ unusual,
whichdrive a formof action tendency thaimovespeople to quickly resolve

this unusual situatiofHuang & Galinsky, 201This particular response
may be conducive to creative thinking, as we will discuss later (section 4.3).
Incompatibility such awe defined here is then a form of incongruence that
occurs when there is an incongruence that is sustained over time. This

definition of incompatibility is what we focus on in this study (study 1).

Based on the discussed research, asaclude that he function of motor
expressions in emotion regulation, suggebtierent ways in which motor
expressions can help influence emotion. In this study we will explore motor
expression congruence and incompatibility, within the context of

augnenting creativity during idea generation.
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4.3 Motor expressionand creativity

Emotions can augment creativitgettion|2.2). However, little research

existsaboutthe relationship between the motor expressions and creativity.
We conjecturethat thereare at least two ways in whiamotor expressions

influencethe emotioncreativity link.

First, motor expressions that areongruentwith emotions that augment

creativity (section|2.2), can increase the gissition to have, and the

intensity of, these emotions. Positive emotions have been associated with

an increase in the flexibility with which information is made available to

processes that are involved in idea generation (sg&idril). Additionally,

approach action tendencies are associated with an increased ldebldfo

having positive emotions (sectiqd.2.2.3. It follows that positive

approachingmotor expressios, rather thanfor instancenegative avoiding
motor expressios, increasepositive emotionand may therefore augment
creativity. In line with this assumption, motor expressions that associate
with approach rather than avoidance action tendenbigge been shown to
increase flexibtly and creativity, during idea generatin and insight
problem solving(Friedman & Foérster, 2002ao et al., 2014Price &
HarmonJones 2010). This leads to the first hypothesis.

H1: Positive approach, rather than negative avoidance expressions, augment

creativity during idea generation.

Second,jncompatibilityof a motor expressiowith an emotionmight also
augment creativityEmpirical findings suggest theicongruencedisturbs
emotional processingsuppressing incongruent emotio(Senterbar et al.,
2008; Gross, 1998)f persisted over sufficient time, incongruence reduces

the bias people otherwise have toward congruent emotions, and emotion
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relevant information.t has been argued that this essentially broadens a
% Ee}v[e SZ}uRLZ HuHwgsS& Gmisky, 2011), which might be
conduciveto creativity during idea generation (sec. Furthermore,
when incongruence leads to a sense of incompatibditygl this leads to
feelings of unusualness, incompatibility mayshpeople to seek out the
unusual in their environmenséction 4.2. This suggesthat incompatibility
might augment creativitybecause it mighbroaden the way people think
andit may bias people to focus more easilyunmusuahess, both of which
may beconducive to creativity during idea generatidm line withthese
conjectures incompatibility between motor expressions and other emotion
related events such as emotional pictures and musiecreass the
unusualness of associations that people hawedategorization task (Huang
& Galinsky, 2011)n addition it has beerargued that incompatibility rght

be one way to induce mixed emotions, whiglso has been linked to

augmented creativity during idea generation (cf. se¢®@l.4. This leads

to the second hypothesis.

H2: Incompatibility between a motor expression and an emotion, rather than

congruence, augments creativity during idea generation.

Testing these two possiblgaysin which motor expressions can influence
the emotioncreativity link, may providajustification for using the function
of motor expressions in emotion regulation within an interactive systems

context.

4.4 Task design

Beforedevelopingan interactive system that can make use of the function

of motor expressions in emotion regulation, we finsinted to testthe two
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developingsuch an interactive systefio this endwe designed two poses
that can be used tanimic motor expresions, and two problem situations
that can be used with a creative task. We assume that these can be used to
test the two hypothesized ways in which we believe motor expressions can

influence creativity

4.4.1Motor expressions

We designed two poses based on redaderistics of motor expressions: a
positive approaching posieat consisted of smiling while sitting in a relaxed
open posture, while posing arm flexion by holding the-a@minant arm
under the table and slightly pushing upward with a balanced muscle; fo
and, anegative avoiding posé¢hat consisted of frowning while sitting in a
slightly shrunken and tense posture, while performing arm extension by
extending the arm and pushing away on the table top. These poses are
designed based the motor expressicharacteristics that typically associate
with positive emotion and approach action tendencies, and negative
emotion and avoidance action tendencies (Ellgring & Scherer, 2007a;

2007b; Friedman & Forster, 2Q0&2cherer, 2009).

4.4.2Problem situations

We also dsigned two different problem situations: mositive situation
where participantswere asked to imagine themselves in a situation where
they encounteed someone they found attractive, and their goal was to
attract that person; or, aegative situation whee they were asked to
imagine themselves in a situation where they encowttesomeone they

found repulsive, and their goal was to get rid of that person.
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4.5 Method

To investigatethe hypotheses weaindertook a smallexperimentalstudy,
usinga 2 (motor expresiors) x 2 (problem situati®) betweensubjects
design.This experimental design enables to testa direct link between the
motor expressions, emotion, and creativity.also enables testing the
effects d incompatibility on creativity. That, ismndomized assignment of
both motor expressions and problem situations results can introduce
incompatibility and no incompatibilityncompatibility can therefore be
tested as an interaction effect between the two independent variables.
Assignment of the partjgants to the experimental conditions was

randomized.

4.5.1Participants

In total, 32 people (18 females, 14 maldgsge=32,SDge=7.2) participated in
the experiment. Two participants were excluded from the sample for failing
§} A& us 8z FE %o CEtlamsvid|e rdsuttédEH30 usable cases.

The participants were students and employees of City University London.
4.5.2Materials and measurements

4.5.2.1Creative task

To gather datdbased on which creativigouldbe assessed, thgarticipants

were instructed to use wariation of the AUTsectior 3.3@?. Thetask used

in this study differedrom theway the AUT is typically usead that its focus
was on generating ideas that solyeproblem situations, rather than

generating usefor commonobjects(cf. Guilford, 1967)Thetwo problem

situations used in the creative task are described in sgdtib@d To help

ensurethat this taskemulated the idea generation step in the creative
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process, we followed suggest®omy (Lee et al.,, 2004), and emphasized

originality alongside fluency and flexibility the instructions That is,

participants were]veS@Epu 3 Y 34 "pu% A]3Z « uvCU ]JA E- U v
original solutions to the given problem situation as you cén W &S| ] %o

were given 5 minutes to do this.

4.5.2.2Assessment of creativity

To assess creativibased on the data gathered using the AETused the

objective scoring method (secti@3.9. We used the classical approach to

objective scang as proposed by (Guilford, 1967). That iscaentedthe
amount of ideas that a participant generateftléncy, the amount of
semantic concepts used in the generated idéasibility), andwe assessed

§Z ¢85 §]¢8] o0 JV(E <p v C }(idéas, dgienERBd idéasv s«
generated by all the participan{sriginality). Originality was agssed by
counting the ideas aofvhich there were no more than two instances in the
whole sample (14% of the total amount of ideas in this study) (cf. Silvia et

al., 2008). We did however,not correct the originality score for fluency,

which introduces measurement errgsection|3.3.3. This weakensthe

validity of the way creativity is assesseshich we need to accept in this

study.

4.5.2.3Assassment of emotion

Participants selfreported positive and negative emotions, as the
unpleasantnespleasantnesshey felt during the creative task, using an 8
point Likert scale(l=very unpleasant, 8=very pleasampproaches to

minimise wssible threatso the validity of the way we assess emotion

(section3.3.3, were implemented as followscalesather than categories

with negative and positive emotion words at opposite endse useds a
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response formatwhich we felt best mimicsthe aspects of an emotion
people candistinguish during seteport; to support people in accessing
their feelings we made sureaha questionnaire that containeithe self
report measure was administered right after the creative task; tand
(further) support recall of feelings we phrased the instructions alongside
this selfreport measure in a manner that referrexplicitly to the feelings
(unpleasanpleasant) and the situation (the creative tashat were of
interest to the study,Did youexperience the idea generation task as
(un)pleasanM We assumed these would support thenstructvalidity of

this measurement instrument.

4.5.2.4Manipulation checks

Severalmanipulationchecks and checks for possible alternative causes,

were carried out to soport the internal validity of the study design (section

3.3.4. Becausewe suspeced that there were differences between the

poses with regard to the effort it takes to keep them throughout the task,
e.g. the negative avoidaaexpression requires a slight increasenuscle
tension, whereas the positive approach expression requires taking a
comfortable posture, people sekported the degree to which keeping the
pose was not effortful or effortfu{little effort, 8=a lot of effort) and
whether they were able to keep the pose throughout the creative task
(1=unable 8=able). Furthermore, © check whether the positive and
negative problem situation indeed associated with positive and negative
emotion people rated the unpleasar@sspleasantnessof the problem

situations(1l=very unpleasant=8ery pleasant) on a Likert scale (8 points).
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4.5.3Procedure

On arrival, participants were seated, handed an overview of the
% EJu vS[e % E guenilgEsighed infermed consent, and were
asked to report some personal details (age, gendédtgr this, nstructions
were given for either the positive approaching, or the negative avoiding
pose. These included that participants should try to keep their pose
throughout the creative task-urthemore, these instructions included a
request to the participants that they should ensure that the pose was not
uncomfortable, and that when they forgot to keep the pabey should
simply take it agaivhen they realised this happenethe instructions fo
the poses were assignedndomly After these instructions the participant
took the instructed posand attempted to keep the pose until after the
idea generation taskNext, participants were handed instructions for the
idea generation task. Participantvere asked to imagine themselves in
either the positive or negative problem situation. After the imagination
procedure, participants were asked to come up with, and write down on
paper, as many original ideas as they could in response to the gileenpro
situation within 5 minutes Time was kept by the researcher. Directly
following the idea generation tasike participants were asked to stop their
instructed pose. After this questionnaie was handed to the participants
which they filled in right awayThis questionnaire contained the
measurement instruments used to assess emotion eady out the
manipulation checkd\ote that the assessment of creativity was done at a
later stage by the researcher. That is, after the data of all the participants
wascollected.Followingcompletion of thequestionnaire participants were

debriefed and receiveda bar of chocolatgor their efforts A graphic

representation of the procedure is presenteffigure6

89



c
2
IS
E 9 = 2
(e} =
K} ©
E g e T
Explanation
procedure
Informed
consent
Personal
details
Instructions %
pose 2
£
(O]
£
Take =
Instructions and
task keep
pose
Task: AUT
(5 min)
Stop pose
Ass. emotion
manip. checks
Debrief
Assessment
creativity L
A

Figure6 Graphic representation of the order and timing of informatavided about the
experimenfthe moment the instructegosewas taken and thus when allegedly emotion
should be influencedhe monent taskwas done and ratings used in the procedure.

4.6 Results

We firstcarried outthe manipulation checks, by submittiogecks for effort
and the ability to keep the posedividually as dependent variables (DV) to
a t-test, with theposed motor expressnsas the independent variable (1V).
The results suggested that there was a signifidififérence betweentie

motor expressiondn the degree to which keeping the pose was not
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effortful or effortful, t1(28)=3.28,p=.003.The resultshowedthat there was

no significandifferences between thenotor expression$or the ability to
keep the pose throughout the task, t(28)=.p8,947. To account for this
additional source of variation, we included the effort ratings as a statistical

covariant in further angkis.

We also did a manipulation check to test whether there was an effect of the
problem situations on emotion, by submittinthe unpleasantness
pleasantness of the problem situations as the DV tetestt with the
problem situations as the IMhe resits suggested that there was a
significantdifference betweerthe problem situationgor the pleasantness
participants associated with these situation§28)=3.00, p=.006. This
indicated that the imagined problem situations had the intended effect,

whichshouldenabk testing fa incompatibility.
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Figure7 Scatterplot matrix of the dependent variables fluency, flexibility, originality, and
emotion.

DV Means 1. 2. 3. 4,
1. Fluency | 10.10 (3.56)| -
2. Flexibility | 7.37 (2.52) | .714* |-
3. Originality | 1.38 (1.15) | .531** .632** -
4. Emotion 4.90 (1.60) | .A77 .360 418* -

Table3 Means, standard deviationbétween parenthesg@sand Pearson correlation
coefficients for thdVsfluency, flexibility, origindly, and emotion*p<.05,** p<.001

Totest the two hypothesesve submitted fluency, flexibility, originaljtgnd

seltreported emotionindividuallyas DVsto a 2 (motor expressiony 2
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(problem situation) ANCOVA, with the degree to which thse pwas

effortful as the covarianiThe descriptive statistics are presented able3
a scatterplot matrix of the dependent variables is present@

The results suggested that theweas no effect oftte problem situations on
fluency, H1, 25)=.23,p A X 07 #2.0%, flexibility, 1, 25)=.02,p=.882,
*?=.00, and originality{1, 24)=1.19p A X 10 ¢’£l05, and emotionH1,
25)=.03,p A X 0 fi,&WD0sThisindicatesthat being exposed to a positive or
negative problem situation did not yield observatiféerences in creativity,
which was as expected.Interestingly,it also did not yield observable
differences inemotion, which contrasts with therevious manipulation

check welid onthe problem situations.

The resultsfurther suggested that there was significant difference
between the motor expressions for emotidiil, 25)=4.34p=.048, +,’=.15.
These suggested thaiositive approach expressions (M=5.44, SD=1.63)
lead to more positive emotions than negative avoidance expressions
(M=4.29, SD=1.38Mowever, he results also suggested that thewas no
significant difference between the nww expressions for fluency{1,
25)=1.23,p A X 16 ¢25.05, flexibility, {1, 25)=.32,p A X fi 6 $4J01s and
originality, {1, 24)=.61p A X 0 i1 g+l00. There was however, aignificant

positive correlation betweenemotion and originality|Table 3). It may

therefore be that theinteraction between the problem situations and the
motor expressions haed to results that interfere with the link between
positive emotion and creativity due to the experimental setup. To
circumvent thispossble issue, wdested for mediation with addbeltest
(Preacher & Hayes, 2004ith the motor expressions as the IV, emotion as
the mediator, and origindy as the DVThe resultsuggested that there was

a significant indirect effect of the motorpmessions on originality=1.77,
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p=.037. This indicates that positive approach, rather than negative
avoidane expressions, augmepteativity during idea generatipwia the
effect of the motor expressions @ositiveemotion These results caat

leastto some extenbe interpreted tosupporthypothesis H1.
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Figure8 Estimated marginal means of the motor expression x problem situation
interaction for theDVsfluency, flexibility, originality, and emotion.

The results alsshowedthat there wasa significant motor expression x

problem situation interaction effectfor fluency, {1, 25)=7.60,p=.011,
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«?=.23, and originality5(1, 24)=7.08p A X i i §°5.28, but not for flexibility,
H1, 25)=4.01p A X1 ¢?d.14« (Figure 8). Positive approach or negative

avoidance expressions increased fluenEygure 8| Fluency, flexibility

Figure8| Flexibility) and originalityfFigure8| Originalitywhen performed

in the incompatible problem situation, rather than in the congruent
problem situation As expectegthere was no significant interaati effect
on emotion, {1, 25)=.01p A X & i g?£l00. Positive approach, rather than

negative avoidance arm gestures, led participants toreptirt more

positive emotionKigure8| Emotion). This effect on emotion, however, was

not influenced by the problem situatie. These findingssuggestthat
incompatibility between a motor expression and an emotion, rather than
congruence, augments creativity during idea generatidhis finding
appears tosupport hypothesis HHowever, because we did not find that
the particimnts experienced differences in positive and negative emotion
during the positive and negative problem situations it remains uncertain to
what extent these findings can be attributed to any effects of
incompatibilitythat is sustained over a longer periofl time on the link

between emotion and creativity.

4.7 Discussion

The findings in this studiemonstratetwo ways in whicilmotor expressions

can help regulate emotion and augment creatigigégearch objective Q1

Thefindingsprovide preliminary evidenceif the hypothesighat positive
approach, rather than negativ@voidance expressiorsugmentcreativity

during idea generation (HIJhis indicatesnotor expressions can be used

to regulate the emotions that augment creativigection2.2), and suggests

one way in which motor expressions can be used to design interactive
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systems that make use of the emotioreativity link.Our findingsalso
provide preliminary evidence for the hypothedisat incompatibility
between a motor eggression and an ematn, raher than congruencealso
augments creativity during idea generation (H2lissuggestanotherway
in which motor expressions can be used to design interactive systems that

make use of the emotieareativity link.

There were,however, also clear limitations that threaten the validity of

claims made by us about the two hypotheses investigated.

First, the findings that indicate that motor expressions can be used to
regulate the emotions that augment or diminish creativity, arétdd by

the fact that the results from the ongay ANOVA did not initially confirm
this hypothesis because no effects were found on the assessed creativity
measures (H1). However, positive results of the ANOVA for the effects of
the posed motor expressie on emotion, and a positive correlation
betweenthe emotion and creativity variables indicated that there may be
such a relationship in the data nonetheless. A mediation analysis confirmed
this suspicion, and despite initial negative results, indicdtatithe posed
motor expressions did indeed influence the relationship between emotion
and creativity. We suspect that these initial negative results may have been
an artefact of theused2 x 2 designThis can possibly be explained by our
other results, with suggested that the interaction effect between the used
motor expressions and problem situations did affect the assessed creativity
variables,and whichmay have obscured a direct effect of positive motor
expressions on the link between positive emotma creativity during idea
generation increasinghance of a type Il errolherefore, support for the
hypothesis (H1) that gsitive approach, rather thanegative avoidance

expressiongaugment creativity during idea generation remains preliminary
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and needs to be interpretedwith caution.However, we do believe that our
findings are sufficient to justify investigating the use of motor expressions

within an interactive systems context.

Second, even though we did find an interaction effect between the posed
motor expressions anithe imagined problem situations that suggested that
incompatibility, rather than congruence can augment creatiy)further
results can also be constructeddast some doubdver the validity of these

findings. This ismainly because the problem situations did not influence

positive and negative emotioprigure8{ Emotion), despite initially rating

the positive situations as more pleasant than the negative situations. It
therefore remains unclear whethéhere was an actual incompatibility
between the motor expressions and emotion in this study. This leaves this
finding open to alternative explanations, which threatens the internal
validity of this particular part of the study. For instance, it couldrgeeal

that in this study, the combination of a seemingly incompatible motor
expression and problem situation, augmented creativity because people
were primed with two different emoticrelated concepts, one via the
problem situation, and one via the motexpression. This could have made

it easier to access more diverse information during idea generation, and
therefore have made it easier to come up with more, more diverse, and
more original ideas. The latter would be in line with recent findings that
priming people with variety augments creativity (e.g. Friedman et al., 2003).
Therefore, this result needs to be reproduced with other methods that
more reliably induce emotion as a source for incompatibility than the
problem situations we used, before any dos®ns can be drawn. As such,
we believe that the use of incompatibility within an interactive systems

context is too premature.
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Furthermore, we believe that it is important to point out that no control
conditions were used in this study. Neither for thetor expressions (e.g.

by asking participants to take on a neutral expression during the task), nor
for the imagined problem situations (e.g. by asking participants to imagine
themselves in a situation that felt neutral, where they did not feel inclined
to react negatively or positively to the situation), nor in a referential manner
(e.g. by letting a group of participants not pose and not imagine themselves

in a particular problem situation).

First this limits the results obtained in this study becanse we cannot
conclude that positive approach expressions upregulate positive emotions
or suppress negative emotions, nor that negative avoiding expressions
upregulate negative emotions or suppress positive emotions, and influence
the link between emotionand creativity accordinglyThus, we cannot
conclude that positive approach expressions, or negative avoiding
expressions havéoth had an actual influence on emotion. This would
indeed have requiredomparison with the use @ neutral arm expression.
Raher, we can only conclude that it is likely that there is a difference in the

way the posed motor expressions influence the emetigativity link.

Second, the lack of a control condition such as a posing a neutral arm
expression, and a neutral problertuation also limits conclusions regarding
the wayincompatibilityand congruence function. For instance, a neutral
expression paired with a neutral problem situation would have provided a
control condition against which the effects ahcompatibility and
congruence could be assessed. Furthermore, pairing neutral situations with
positive or negative expressions, and vice versa, would have offered insight
into whether incompatibility reallyrequires a motor expression with an

emotional opposite problem sittian (e.g. positive approaching expression
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paired with a negative problem situation), or whether a motor expression
that occurs during (problem) situation that elicits no emotional responding
(e.g. a positive approaching expression paired with a neutcdlgm
situation) would be sufficient to influence emotion. The latter would have
possibly provided valuable insights into the theoretical assumptions that
underlie this study. Thignits the conclusions that can be drawn from this

*Su C[e & -woudedlsobge nteresting to pursue in future studies.

Third, we also did not test whether imposing motor expressions in itself
could be an influence on the emotianeativity link, or perhaps creativity in
general. It is for instance conceivable that the aicimposing a motor
expression is detrimental to creativity. Speculatively, imposing an expression
may reduce the working memory capacity that is otherwise available to do a
creative task, by instructing people to keep the pose (and also the problem
situation) in mind (cf. de Dreu et al., 2002A study where participants
would also be assigned to a control group that did not receive instructions
to keep a particular expression may have shed light on whether imposing
expressions in itself influences credyi for the better or worse. In
particular, such a study could provide information on whether the use of
motor expressions as a means to influence the ematreativity, enables
creativity more than not using motor expressions in this particular manner.
Such a study could further justify using the function of motor expressions in
emotion regulation within an interactive systems context. Nonesiselour
study also justifies further researe¥ithin an interactive systems context,
because it helped demonstie that imposing motor expressions can in fact

help regulate, or at least influendbge emotiorcreativitylink.

Some of the discussed limitations can also be attributed to our choice to use

motor expressions as an independent variable. This introdheeguestion
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of how one designs a pose that is neutvdke believe that thiss a general
limitation of the method usedOne that is often encountered in research
about the influence of motor expression on emotions (cf. Critchley & Nagai,
2012). Possibly, ch issuean be circumvented bysing an alternative
(experimental)method For instance, a recesstudy by Won et al. (2014
used automatic expression recognition software to predict creative task
performance. Observing naturally occurring expressiangdcshed more
light on what expressions can be used to influence the emotion creativity
link, and perhaps even on what expressions do not influence creativity
(positively or negatively), thus possielsenenabling the design of a neutral

expression, ifech an expression exists.

It is alsoworth noting thatthe sample size is not largaaugh for the used
study design, whicimight make the results more sensitive to individual
differences among the participants in relatiimnthe assessed influence on
emotion and creativitySuch individual differences may be relevant from
two perspectives. First, there is some evidence that indicates that people
vary in their sensitivity to emotierelevant cues from their own body
(Andreasson & Dimberg, 2008ritchleyet al., 2004;LudwickRosenthal &
Neufeld, 1985 Mcintosh, 199% For instance, people differ in their
sensitivity to their own heaitbeats, with possible implications for emotional
responding (LudwieRosenthal & Neufeld, 1985It has been suggested
that the same could be true for motexpressions (Mcintosh, 199G hat is,

% }% 0 u C ](( & ]v §Z PE 3} AZ] Z 8Z C Zo]+3 v[ &}
subsequently in the degree to which imposed motor expressions influence
their emotions(Critchley et al., 2004%econd, people vary in the degree to
which they respond in terms of emotion and motivation to a creative task

(Soroa et al., 2015). For instance, some people have more fun when they do
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a creative task that requires them to find one particular solutiorereds
others prefer to think up many diverse ideas. Since our study focuses on the
latter, it might be that there were differences among the participants in the
degree to which they experienced positive and negative emotions due to
individual differences and subsequently the degree to which these
emotions could be influenced by the imposed motor expressions. With a
low sample size such as in this study we run the risk that such individual
differences are not uniformly distributed over the experimental dwmrt,

which increases the chance of a type | erfnis in turn threatens the
validly of the results. Thereforeie caution that care must be taken when

interpreting and generalizing the results obtained in this study.

Alsq we only assessed the pari@ vSe[ % }*]3]A A Eepe v P 8]A ( o]vi

a proxy to emotion. However, from the literature on the emotogativity

link (section2.2) we know that different aspects of a positive or negative

emotion can influence creativigs well (e.g. differences in levels of arousal
(section 2.2.2.1) or differences in motivational direction (sections 2.2.2.2
and 2.2.2.3). Because we did not measure other aspects than the positivity
and negativity of the emotions experienced by the pgdicts we cannot

rule out that the results of the influence of positive approach expressions
were confounded. Therefore further care must be taken to interpret these

study results.

The results may also have implications for the way motor expressions can be
used to regulate the emotions that augment creativity, and thereby also for
the way in which motor expressions can be useitm a theoretical basis

for developingnteractive systems that make use of the emotioeativity

link. This is because pos#tivapproach, rather than negative avoidance

expressions, influenced emotion positively in both the positive and the
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negative problem situationF{gure 8 Emotion). It would have been

conceivable that fewer positive emotions wouldcor in the negative
problem situation, because there should be less positive emotions in that
situation that the motor expressions should be able to regulate. But
because participants experienced no more positive emotions when
performing positive expressis in the negative compared to the positive
problem situation, we can infer that motor expressions therefore either
caused emotion, or regulated the emotions that were caused by something
else other than the designed problem situations. The first iselylikince
recent findings suggest that for motor expressions to influence emotion, an
emotional response needs to happen first (Rotteveel et al., 2004). We
therefore suspect that the motor expressions helped to regulate the
emotions that were caused byreething else. More specifically, we suspect
that these emotions were caused by the idea generation process itself. This
is supported by recent findings that indicate that idea generation typically
causes positive emotions (Akhbari Chermahini & Hommel, a2012
Interestingly, this indicates that when used during idea generation, motor
expressions need no external way in which emotions are caused, to exert an
influence over emotion, but enable regulation of the emotions that are
already spontaneously happeniag part of the creative task itself. We
believe that this can provide further direction for the way in which
interactive systems that make use of the function of motor expressions in
emotion regulation to influence the emotiameativity link can be

conceaved.

In conclusionthe contribution of this study is a demonstration of two ways
in which imposing motor expressions influences emotion and augments

creativity. We believe that the results from this stugsstify further
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research into using the functi@f motor expressions in emotion regulation,
with the goal to augment creativity, within an interactive systems context.
In particular,the use of motor expression congruence, with the emotions
that augment creativitycan be used to enable interactive gmsts with a
novel way to regulate emotion, and augment creativie believe this is a

good first step towards answeringsearch question RQ1.

The next stepwill be to develop further and investigate the mechanisms
underlying aninteractive system that ca effectively make use of the
function of motor expressions in emotion regulation. Thating, ways to
translatethe findings from this studinto a viable interactive technology

and reproduce these findings within that contekhis will bethe focus ®

study 2(chapte.

103



5.Study 2: Hacking into the function
of motor expressions in emotion

regulation to augment creativity

A paper that details thstudydiscussed in tkichapter was presented at the
Ninth International Confeence on Tangible, Embedded and Embodied

Interaction, January 2015, Stanford University, CA, USA. This paper is

included inAppendix DA technicalreport that details early work on the

interactive system used inithstudy isnduded inAppendix

5.1 Introduction

In this chapterwe describe our first novel approach to interactive systems,
which is designed to hack into the function of motor expressions in emotion
regulation, with the goal to influence etran in such a way that it can help
augment creativity during idea generation and insight problem solving. In
particular, this study focuses on explicating the mechanisms underlying the
proposed approachBased on our findings in study 1, and empirical
research from psychology about the role of motor expressions in emotion
regulation, wesuggesthat motor expressions can help regulate the positive
and negative emotions that are caused dgrancreativaask, and that this

can be used to augment creatividuring such a task. Based on this
argument, wedeveloped a proebf-conceptinteractive system that uses
embodied interactionghat are designedased on the characteristics of
motor expressions. This system is designed to help regulate positive

emotion duing two creative tasks: idea generation, and insight problem
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solving. To interact with the system, people use arm gestures that are
designed based on motor expressions associated either with positive
emotion and approach action tendencies, or with negagwmotion and
avoidance action tendencies. These gestures are choreographed in a way
that we suppose enables emman regulation.The aim of the developed
proof-of-concept interactive systens to help explicate the mechanisms
underlying the proposed approl in an experimental studyn such an
experimental study we demonstratbat using positive approach rather
than negative avoidance arm gestures to interact with the system heightens
positive emotion, and increases creativdtying an idea generationgk but

not during an insight problem solving taskote that congruence and
incongruences researched here, but in a different manner than in study 1
(chapter 4). In this study incongruence refers to a brief and timely mismatch
between a motor expressiand events that cause (other) emotions, which

is assumed tsuppressan emotional response. This is different from the
form of incongruence (i.encompatbility) investigated in study 1 (chapter
4). Finally, he contribution of thisstudy is a demonstratin that an
interactive system can be designed to use the function of motor expressions
in emotion regulation to help people perform better @neative idea
generationtasks, but not on verbahsight problem solving taskesearch
objective O We assumethat this demonstration at least for idea

generation taskgyositively answersesearch question RQ1

5.2 Regulating emotion

As was described in chaptersé¢tion4.2), motor expressions play a role in

emotion regulation Congr@ence between a motor expression and an

emotion provides positive feedback to that emotion, which irsgeahe
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disposition to have, and thatensity of that emotionA brief incongruence
can introducenegative feedback, which decreases the dispositiomatce,

and the inensity of an emerging emotiothereby introducinguppression

of an emotional responsélowever, foran interactive system to make use
of the function of motor expressions in emotion regulation, there may be
certain additionatonditionsthat need to be me@.

We hold the view that emotions are caused by personally relevant events
§Z 8§ Z %% Vv v v ]v ]A] u(seet[or@]l-ﬂﬁr}oewe\aésume

that motor expressiongypicallydo not cause emotion, buather regulate

existing emotion(Roseman2004) For instance, approach arm movements
influence emotion when peoplappraisethe emotion of a face, but not
when theyevaluateits spatial properties (Rotteveel et alQ02) Of course,
this does not mean that motor expressions cannot have a more baipom
effect Carney et al., 2010; 20LBut see Pfaf et al, 2014; Price & Harmon
Jones, 2015Roseman, 2004)A consequence of this assumptionthsit
motor expressions re@ to happen around theame time an emotion is

being experienced S8} Vv o UuU}S}E A% E e*]}ve[ (pv S]}v ]v

regulationto improveits effectivenesgFigure9). That is, an emotion needs

to happen before motor expressionsarc help to regulate that same

emotion.

Motor expressions must also associate somehow with the structure of an
emotional response, in order to regulate that same emotfeor instance,
when predicting the cause of future problems and opportunities, adopting
an angry or sad pose only influences the prediction of future problems, not
opportunities (study 4 inKeltner et al., 1993)This corresponds tothe
cognitive appraisal processes that are involved in these emotions, i.e.

negative emotions are typically ussed when a problem is encountered
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(Scherer, 2009)As suchwe assume thah motor expression also needs to
be meaningful to the structure of the processes that cause motém.
assume thatthese conditions need to be met if we want ®nable an
interactve system touse the function of motor expssions in emotion

regulation.

Figure9 Schematic (revised) of the function of motor express@argruencen emotion
regulation. An event in thenvironmentcauses emotiofe.g. a posive emotionyia
cognitive appraisal processes (e.g. that one is performing,Jeglfeeding forward into the
emotion components, including motekpressiongleft green arrow) Congruence dhe
motor expressionge.g.a positive expression such as alsrora positive gesture) witthe
emotion (e.ga positive emotiohincreases the intensity of that emotion via positive

( | ~=eX dZ U}E}E E%E *+]}v 0+} ( *« (JEA E ]Jv&} *Z %]VP v

(green dashed arrows).

It could be arguedhat Interactive systems which motor expressions play

a role, are relatively common. For instance, affective mirrors (section

2.3.1.3 and mimicking social interactions (secfibB.1.4 are likdy to, at

least in part, make use of the function of motor expressions in emotion
& Ppo S]}vU  pu 8} %o }%0 [¢+ S v v C S} u]u]
Jved v E} }Se[s A% E ¢+]}veX ,}JA A Ebajevs E

beenexplicitly designed to makese of the function of motor expressions in
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emotion regulation, are sceg. One project that uses electrical stimulation
of the muscles involved in smiliag a therapeutic tool appears &mable
emotion relatedcoping (Zariffa et al., 2014)Another projet that uses
physical positionindy means of arautomated chairhas been used to
Impose postures that are congruent with movie scenes, which increased the
perceived intensity of some positive movie scefiesk & Broekens, 2008)
Embodied interactions hawwso been designed based on characteristics of
motor expressions (postures) that associate with high and gower
(Isbister et al., 2012)Jsed as a way to interact with a mathematics game, it
was hypothesized that this would help to combat math anxiety, no
results on this have been published until ndwarthermore there are
reports of heightened emotional engagement in computer games that
enable or impose motogxpressions during interaction (BianBarthouze,
2013; BianchBerthouze et al., 200Tsbister et al., 2011}or instance, the
use of game controllerthat impose or allow users to express themselves
physically, ishought to enable them to experience the role they play in a
game more fully, at least partially by unlocking the functiormotor
expressions in emotion regulation (BiarBkirthouze, 2013)This indicates
that interactive systems can be designed to make use of the function of
motor expressions in emotion regulation. Howevaer,imeractive systems
currently exist that explidit attempt to hack into the function of motor

expressions in emotion regulation (secti@ 3.0, to influence the

emotion-creativity link.Nor do any systems exist that haween shown to
enable this by means of embodied irgetions.In this chapter we develop

such a technology.

In this studywe will attempt to enable the regulation of positive emotion by

designing arm gestures based on expressions of positive emotion and
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approach action tendencies, and negative emotion avaidarce action

tendencies.

5.3 Regulating emotion to augment creativity

Todevelop a theoretical basis fan interactive system that makes use of
the function of motor expressions in emotion regidn, to influence the
emotion-creativity link, webring togeher assumptions about the role of
motor expressions in emotion regulation, with assumptions about the way

positive and negative emotions are caused during a creative Eagakr%l

.

Based on the aboveys well aghe resultsand discussiorfrom study 1

(chapte, we believe that motor expressioran help to regulate the
emotions that are caused by a creative task, in a mahaéican be used to
influence the emotions that augment creativityWe assume this is
conditional upon a) the cative task causing emotiob) using a motor
expression at the moment this emotioa caused, in a manner that is
meaningful within the structure dhe caused emotionand c) using motor
expressions thatlssociatewith those aspects ofin emotion that can

augment, rather than diminish creativity.

For instance, generating diverse ideas can in itself cause positive emotion,
e.g.generatingmany and diversgleas may be appraised as indicating good
performance ¢f. Akhbari Chermahini & Hommel, 2012a; Brunyé et al.,
2013 Zenasni & Lubart, 201.MMotor expressions cabe used toregulate

these emotions when they happen simultaneously Withemotion that is

caused by the creative task, i.e. at the moment a creatide dagses an

emotion (section|5.2). Motor expressions that are congruent with that

emotion can augment that same emotjomhereas motor expressions that
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are incongruent with that emotion can suppress, and therefore diminish,

that same emotional respongeection4.2). Because we know that positive,

rather than negative emotion augments creativity during idea generation

(section2.2.1.]; expressions that associate with pege emotions can help

regulate these emotions in a manner that augments or diminishes creativity.
Preliminary evidence for thigossible mechanismvas already found in
study 1 where we showed that positive approaching, rather than negative
avoiding moto expressios, augmented creativity, via thamfluence on
positive emotion during an idea generation ta{tskapte. We therefore
believe that a interactive system can be designedhack into the function

of motor expres®ns in emotion regulation, to enable regulation of the
emotions that are caused during a creatigek This is what we explore in

this study.

Figurel0 A schematic of our use of the function of motor expressions in emotion
reguation to influence the emoticureativity link.The fgure showghe function of motor
expression congruende)in regulating a positive emotion (lefgreen arrowy the
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influenceof positiveemotion on creativity during the idea generation step in ¢heative
process (right), and the way the interactive system makes use of this relationship to
influence the emotiofereativity link (bottorrleft).

In section2.3.3.3we discussed possible limitations of interactive systems

that influencethe emotioncreativity link The gist of this discussion was
that in order to be effectivehe waysuch an interactive systemfluences
emotion should be meaningful within the context of a creative task. We
believe thatinteractive systemthat usethe function of motor expressions
to help regulate, rather than cause emotias,onepossible approach that
can tackle these limitation#f the interactivesystem helpgo control and
modify the emdions that happen spontaneously in a creativekiasther
than causing any new emotions, thémre emotions that are caused, are
necessarily meaningful to the creative taskiscircumvents the need of
the way the interactive system influersagmotion, to be meaningful within
the context of a creativeask. Insteadthe motor expressionsnust be
meaningful to the emotional responses that happen during thetigeea
task. This implies that the effectiveness of such a system is dependent on
the limitations that are posed by the conditions under which motor

expressions can help regulate emotidhe latter, we have addressed in the

paragraphs abovésection5.2). For these reasongje believe thahacking

into the function of motor expressions in emotion regulatican bean
effedive approach to interactive systems thattempt to hack into the

emotion-creativity link.

To furtherdevelop and investigathis approach we will focus on using arm
gestures that associate with positive emotion aagdproach action
tendencies, orarm gestures that associate with negative emotions and
avoidance action tendencies, as a means to interact with a system during

idea generation and insight problem solving.
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5.4 Interactive system

To evaluate ouuntil now still theoretical approachese havedevebpeda

Z% E}}( Y( IV %S[ ]Jvd E S]A eCe3 u 8Z SW ie pe e Eu F
based on motor expressions that associate with positive emotion and

approach tendencies, and with negative emotion and avoidance tendencies;

and 2) uses a choreographytbése interactiors, that we supposemeets

the conditions that are necessary for motor expressions to help regulate

emotion.

5.4.1Arm gestures

For our experimental purposes we designed two arm gestures, a positive
approaching, and a negative avoiding arm gestline positive approach

arm gestureused to interact with our system is arm flexievhichlinksto
approach tendencies (Centerbar et al., 2008; Friedman & Forster,,2002)
and ischaracterized by a centrifugal movement that starts at the side of the
body andmoves with a curve toward the heart, executed with a balanced
level of muscle tensn, which alsdinks to positive emotion (Dael et al.,
2012; Scherer, 200@&). Thisarm gesture is designed to increase

positive emotion, when it occurs, via congruence, and decrease negative
emotion via suppression. Theegative avoidance arm gestuis arm
extension, whichinks to avoidance tendencig€enterbar et al., 2008;
Friedman & Forster, 2002and ischaracterzed by a centripetal movement
that starts at the side of the body, then moves to the chest (diaphragm),
and then outwards away from the body, using a slightly increased level of

muscle force which alsolinks to negative emotiorfDael et al., 2012;

Scherey 2009) (Figure 11p). Thisarm gesture is designed to increase
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negative emotion when it happens via congruence, and decrease positive

emotion via suppression.

5.4.2Choreography of interaction

To enable emotion regulation we designeZaZ}®& }PE& % ZC[ <+ }v SZ
conditionsthat, we supposegnablethe designed arm gestuseto help
regulatethe emotiors that are caused by a creative tagke conjecture

that the arm gestures need to happen at the same time as any emotions
caused during th creative task; andssume that emotions tend to happen
right after an idea is generated or an insight problem is answered. These are
events at which people mighppraisetheir own creative task performance
(e.g. positive: this idea was very good, or atieg: again an idea of
insufficient quality). If these caused emotions are positive and involve
approach action tendencies, or are negative and involve avoidance action
tendencieswe suppose thathe designed arm gestures can help regulate
these emotionsn an intended direction, and thereby influence creativity
@. To implement this, the arm gestures are consistently used

immediately after people generate an idea or solve an insight problem.

5.4.3Recording ideas

To test wheher the designedarm gestures usedvith our proposed
choreography of interaction enable us to hack the function of motor
expressions in emotion regulation, we developedDiataphone, that

enables users to record their ideas or solutions by using the aturgs.

The arm gestures are used to record an idea ortisaljyust after it is
generated To start recording, the user perforntie arm gesture; to keep
recording, the user keeps the end position of the gesture st@hlang

which time ideas or problersolutions can be recorded by speaking these

113



out loud into a microphone)and to stop recording the user releases the
gesture. For the insight problem solving taskeasing the arm gesture
would also present the next insight problem. To meetitagic derands of
the creativetasks we present an image of thbject AUT during that task

and the insight problems that need to be solved during the insight problem

solving task on the screg¢Rigurell). Wheneverthe arm gesture is usdo

record an idea, visual feedbackaisogivenon the screerby means of a

oJvl]JvP E }E& ]JvP ¢]Pv ~{ E X

To enable theDictaphoneto automatically trigger the recording, we use a
Kinect sensor and a mechanical myograph in a classification setup. We
capture the relative angles between the shoulder and the elbow, and the
elbow and the wrist of the dominant arm with the Kinect; and muscle force
from the biceps, triceps, flexor capri, and extensor capri is calculated by
taking the root mean square of tlsggnal of a mechanical myogra@
. We assume this capes the motor expression characteristi@sed on

which thegestures wee designed. &|Appendix For further details. We

trained four hidlen Markov models to classify: no gesture; the start of the
gesture; keeping the gesture; and releasing the gesture, using the Viterbi
algorithm (Rabiner, 198p The parameters were set using grid search
(Pedregosa et al., 2011Data used to train the madl was obtained by
letting the user perform their instructed arm gestures. These were
annotated by the researcheflassification is done using ARGMAX of a
sequence on the log probability under each mo@&biner, 198p The
ability of the trained model® classify the gestures was assessed right after
that. In cae of insufficient performance, i.B-score<0.95Powers, 2011),

the researcher switches to a Wizard of Oz approach, i.e. the researcher

triggers the recording him or herself when the user dbesarm gesture.
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Figurelllllustration of the setup (left), and the end position of the A) positive approach
and B) negative avoidance gesture.

5.4.4Hypotheses

To put our theoreticalconjecturesand the developed procbf-concept
interactive system to the test, we expeentally test the fouhypotheses

shown inTabled

# | Hypothesis

H1 | Positive, rather than negative emotion associates with augme

creativity.

H2| Using positive approach rather than negat avoidance arn

gestures to interact with a system augments positive emotion.

H3| Using positive approach rather than negative avoidance

gestures to interact with a system augments creativity.

H4 | Using positive approach rather than negative avoidamem
gestures to interactwith a systemaugments creativity vidts

influence on themotioncreativity link

Table4 Hypothesedor study 2.
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5.5 Method

Totest the hypotheses and therel®yvaluateexperimentallythe interactive
system we used aetweensubjectsexperimentaldesign,with people in

one group using the positive approach arm gesture, and people in the other
group the negative avoidance arm gesture, to interact withsgfstem. We
favoured the betweenover a withinsubjeds desigrbecause it enabled us,
given limited resources, to test the interactive systwith two different
creativetasks. Moreover, we chose to not counterbalance the order of the
creative tasks because we prioritized results for the idea generation task
which huilds upon our previous work (chapﬁr andaligns with the scope

of the research presented in this thesis (sec@, over the insight

problem solving task, which we consider moraroexploration.

5.5.1Participants

In total 37 people participated in this studife(males=17, Males=20,
Mage=32, SRye=7, Left handed=7, Right handed=30), with 19 participants
using a positive approach and 18 participants using the negative avoidance
arm gestue. We switched to a Wizard of Oz mode with 8 participants in
both experimental conditions. The participants were students and

employees of City University London.
5.5.2Materials and measurements

5.5.2.1Creative tasks

We embedded two creative tasks in dictaphoneapplication.

Task 1 was thAUT which was used tgather data aboutreativityduring

idea generation (sectigB.3.1). Participantsvere |veSEpN SY By U %o
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with as many, diverse, and origineles for a common objeas ya can_ U
within 5 minutesThe common object used was a britk. helpensurethat
the AUT emulates the idea generation step in the cregireeessmore

accurately we emphasized the generation of original ideakijch isthe
same approach we detailed preuslyin sectiorE.S.Z.]

Task 2 was a verbal insight problem solving dekBono, 1970Dow &

Mayer, 2004 Insight problems are verbal puzzles that have only one

correct answer, but cannot easily be solved using the depadvided in

descriptions of the problems themselves, nor by digstep logical

SZ]Jvl]JvP ~ XPX YW /¢ ]S o P o (}&E uv s}uEEC Z]e A] }
dead. The ability to do this quickly and correctly is thoughtunderlie

general creativeability (de Bono, 1970)We instructed participants to

AYe}oA o u VG JVve]PZ3 %o (Ewitton 10 rdjutes, but also
mentionedto try *Yv}S S} % v u}@® SZ v Z o( u]vpsS }v Z %o E
The latter was added to make sure that people wouldthseinteractive

system often enough for the arm gestuteshave an influence on emotion.

5.5.2.2Assessment of creativity

To assess creativibased on the data gathered using the AUT we used the

objective scoring method (sect16n3.2 . That iswe counted the numberof

ideas that a participant generatedlugncy, the number of semantic

concepts used in the generated ideddexibility), and the statistical

JV(E <p v C }( 8Z % ES] 1% v3Se[ Jeratdd bppAthe 3Z ] =+ P v
participants @riginality). Originality was a&gssed by counting the ideas of

which there were no more than two instances in the whole saifij# of

the total amount of ideas in this study) (cf. Silvia et al., 2008help

correctfor the confoundingrifluence of fluency onriginality we usedthe
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percentage scoré¢Plucker et al., 2011That is, we divided the number of
original ideas by the total number of ideas generated during a Tdmsk
percentage scorémproves the constructvalidity of the wayoriginality is
assessed but also the external validity of results obtained with this
measure, because it corrects for people who @aurally)highly fluent in

their response¢Plucker et al., 2011; 2014)

To assess creativity during the insight probkotving task we calculated
the percentage of correctly solved insight problems by dividing the amount
of answered problems by the amount of correctly answered prob(86%

of the total amountof answerednsight problems wereorrec) (de Bono,
1970; Dow& Mayer, 2004)We assumed thaa percentage scoreould
support theconstruct and externalalidity of these resultsfor the same
reasons as outlined in the above paragraph (cf. Plucker et al., 2011; 2014)
That is, by correcting a possible confoundimituence of the amount of

problemssolved on the amount gdroblems that were solved correctly

Creativity was assessed for both tasks by the researcher after the study

ended.

5.5.2.3Assessment of emotion

Participantsselfreported their emotional state on akiert scale from

negative to positive emotion after each tagk=very negative, 9=very

positive)(section3.3.3. We used the more general positive versus negative
e A Jv[8 IVIA &£ 30C AZ S +% 3+ iyd %}]3]A

emotion the motor expressions may regulatsking people to seteport

unpleasantnespleasantnes$or instancesuch as we did in study 1 (section

4.5.2.3, mightexclude other aspects of emotion that are associated wath

positive and negative feeling component (see Scherer, 20@5jurther
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support seltreport we used the same approach we detailed previously in

section4.5.2.3

5.5.2.4Manipulation checks

Several checks were carried out to suppbe internal validity of the study

design (sectio||$.3.4. To assess any possible alternative causes of variatio

by the designed arm gesturese aked people to selfeport ot 1) the
pleasantness and unpleasantness of them gestures themselves
(1=unpleasant,9=pleasan}, 2) the physical effort needed to perform the
arm gesturegldittle effort, 9=a lot of effort)and 3)the degree of freedom
with which the arm could be moved given that there were four sensor units
strapped to their arm(1=difficult to move,9=easy to movegll by using-

point Likert scales

5.5.3Procedure

Upon arrival, each participant was introdudedthe study,its procedure,

and information was provided about the myograph sensors. The latter was
to get the participants acquainted with the equipment used, so that they
felt comfortable using this equipment. Afterighinformed consent was
signed, and we asked the participants to fill in some personal details (age,
gender). Right thereafter w strapped the ryograph sensors to the

% ES] ]% vSe[ }u]lv vs EuU v o] ®Afler w8 Z <]Jv § ¢ v
ensured that thesensorswere placed correctjythe participants were given
instructions to use either the positive approach or the negative avoidance
arm gestureas an embodied interaction throughout the studyat is, use

the instructed arm gesture to record their ideas and problem solutions
during the creativity task3.hese instructions were practicéoether with

the researcheuntil both researcher and pactpant were confident that the
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sensors and embodied interactions could be used as instruafest this,

we were ready to start the recording of the arm gestures to train the arm
gesturerecognition capabilities of the systefo do this, a program was
used that initiated a countdown for each part of the gesture (gesture,
keeping the gesture endpoint, releasing the gesture, and no gesture). After
each countdown the participant would do the instructed part of the
gesture, which was annotated by the reséarcin reattime. This gesture
was done 15 times following this procedure to coll@csufficient amount

of) data based on which the interactive system caydderate models that
could classify the gestureg¢in total this took5 minutes).In casethe
collected data did notedad to a sufficient classification accuradfs-
score<0.95U A <A]% Zz &} Zt]l (Eoach(bdfdrp th#otwo
creativetasks startedIn the former case, the researcher would be notified
by the interactive system immediately. Winehe latter happened, the
researcher would also notify the participant to ensure that the participant
would not start to suspect that the system was controlled by the researcher,
while earlier information about the study may have suggested otherwise.
After this, participants were offered the chance to practice using the
interactive system to record ideas or problem solutions (without the
creative tasks). After this, the instructions were provided for the (fd$k

1) and the insight problem solving taskgk 2) Participants then did the
AUT (5 minutes) That is, they used the interactive system to record the
ideas they generated. After the AUT ended, the participants rated their
emotions. Then, participants used th@ateractive systemo perform the
insight problem solving task (task @0 minutes) after which they again
rated their emotions, but now also rated any manipulation chetke
participants wereasked to remove the myograph sensors, waffered an

opportunity to share their thoughts aboutdhstudy,and were debriefed,
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after which they received a £10 voucher for a large online refaiteheir

efforts. A graphic representation of the procedure is presentgeigarel?2

"% g o
: 25 E 5 5
£ £% 8 g 5
Procedure
Myograph info
Informed
consent
Personal
details
Strap on
myograph
Calibrate
Kinect
Instructions
gesture
Practice
gesture
Training devic€15x) o
(5 min) g g
(Wizard of F S
02)(?) =
Practice
recording
Instructions
task 1 & task 2
Participant uses gestures Task 1: AUT
to record task responses (5 min)
Assessment
emotion
Participant uses gestures | Task 2: Insight]
to record task responses (20 min)
Ass. Emotion
Manip. Checks
Unstrap
myograph
Debrief v
Creativity
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Figurel2 Graphic representation of the order and timing of information, activity related to
the use of the interactive system, use of gesturesand thus an indicator of when
emotions may have been influencgelde tasks performednd theratings used in the
procedure.
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5.6 Results

We firstperformedseveralchecks thatould possiblyexplainany variation
caused by the arm gesturesm a diferent way than we intendedby
submitting the manipulation checksndividually asDVsto a oneway
ANOVA, with the arm gestures as thleThe results showed no significant
effect of the arm gestures dhe pleasantness or unpleasantness of the arm
gestures themselvesH1, 35)=0.38p=.545), the physical effort needed to
do the arm gestured{1, 35)=0.03p=.866) and the freedom with which the
arm could be movedH1, 35)=0.23 p=.638). This suggested thaany
possibleeffects of thearm gestureon emoton and creativity was unlikely
to be due to differences between the gestures with regard to the above

variables.

5.6.1Task 1: Idea generation

To test whether there was an association between emotion and creativity
across the experimental conditionsiring ideageneration, we correlated

the DVsfluency, flexibility, and originality, with the sedported emotion

ratings (Table 5). The results suggestethat there wasno significant

correlation between fluency and emotiobut there wasa significant
positive correlation between flexibility and emotion, and a significant
positive relationshipbetween originality and emotionThese findings
suggest that positive, rather than negative emotion associates with
creativity during idea generatio This supports hypothesis kthin the

context of creative idea generation
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Figurel3 Scatterplot matrix ofhe dependent variables fluency, flekilyi originality, and
emotion.
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DV 1. 2. 3. 4,
1. Fluency -

2. Flexibity 739 -

3. Originality .500** .684** -

4. Emotion 314 A493** 574** -

Table5 Pearson correlation coefficient for the DWgncy, flexibility, originality, and
emotion. ** is p<.005.

IV | Positive Negative
DV approach avoidance
Fluency 17.32 (4.85) | 13.18 (6.55)

Flexibility 10.95 (3.01) | 7.00 (3.41)
Originality 0.24 (0.08) | 0.08 (0.10)
Emotion 6.89 (1.24) 5.81 (1.34)

Table6 Means and standard deviationsdtween parenthesdgor fluency, flexibility,
originality, and emotion (DVs), for each of the arm gestures (IV).

To test whether there wasnaeffect of the wayhe interactive system was
used onemotion and creativity we submittedthe measuredemotion,
fluency, flexibility, andriginality individuallyas a DV to a oreay ANOVA

with the arm gestures as the.IVhe descriptive statistics are presented in

Table6| a scatterplot matrix with the dependent variables is presented in

Figurel3

The resultsuggested that there was a significant effect of the arm gestures
on emotion(H1, 34)=5.97p A X 11129.1%3).These resultsndicaed that,
during the idea generation tagkgsitive approach arm gestures, rather than
negative avoidance arm gestures augmentpdsitive emotion This

supportshypothesiH2within the context of creative idea generti
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The results also suggested that there were significant effects of the arm
gestures onfluency, 1, 34)=4.71,pA X0 #t122, flexibility, 1,
34)=13.62,p A X 11i%.286, andon originality, {1, 34)=25.52,<.001,
{?=.430 These resultdndicated that, during the idea generation task,
positive approach arm gestures, rather than negative avoidance arm
gestures augmented creativity. This suppdmgothesisH3 within the

context of creative idea generation

Because the results from the ANOVAs sugthestusing positive approach,
rather than negative avoidance arm gestures to interact with the mbof
concept system influences both emotion and creativity individually, and the
correlations indicate that there was a relationship between the creativity
variables flexibility, originality and emotion across the experimental
conditions, we assume that the interactive system can be used to influence
the emotioncreativity link effectively during creative idea generatibms

supports hypothesis HAlithin the context of creative idea generation

5.6.2Task 2: Insight problem solving

Beforewe analysedask 2 we checked whether the influence on emotion in
task 1 carried over into the results of task 2. ResultsPafaasorcorrelation
showed no significardorrelation between the emotionseportedafter task

1 and the percentage of correct answers.Q64, p=.715), nor did the
results show a significant correlation between emotion reported after task 1

and emotion reported after task 2=.307,p=.073).
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Figurel4 Scatterplot matrix of the dependent variables correct (%) and emotion.

To test whether there was an association between emotion and creativity
across the experimental conditionduring insight problem solving, we
correlated he deendent variable emotion witthe percentage of correctly
answered insight problemsParticipants on average answered 15.47
(SD=6.94)nsight problems. The results showed no significamtelation
between thepercentage otorrect answers and emotiom=076, p=.659).
These findings suggest no association between positive emotion and insight
problem solvingThisdoes not supporhypothesis Hivithin the context of

insight problem solving
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IV | Positive Negative
DV approach avoidance
Corect (%) |0.44 (0.19) |0.33(0.17)
Emotion 6.25 (1.52) |5.81 (1.64)

Table7 Means and standard deviatiorfeetween parentheses) for the percentage of
correctly answered insight probleraad emotion(DVs), for each of the arm gestul@g)

To test whether there wasnaeffect of the way the interactive system was
used onemotion, and on creativity individuallye submittedthe emotion,
u}S]}vihe percentage of correctly answered

insight problems

individuallyas a DV to a orn@ay ANOVAwith the arm gestures as the IV.

The descriptive statistics are presenteflable7| a scatterplot matrix with

the dependenvariables is presented|kigurel4

The results suggested that there was no significant effect of the arm
gestures on emotioni{1, 35)=0.69, p=.413hese reults indicated that,
during insight problem solving, there were noirettly observable
differences in the effects of positive approach and negawsdancearm
gestures on emotion. Thasodoes not supporhypothesisH2 within the

context of insight problem solving

However the resultsdid suggesthat there was a sigficant effect of the

arm gestures on thgercentage of cosectly answered insight problems
H1, 35)=5.09p A Xi71343.127 These resultsndicated that, during the
insight problem solving task, positive approach arm gestures, rather than
negative avoidace arm gestures augmented creativity. Tdoges support

H3within the context of insight problem solving

Because the results from the ANOVAs suggest that using positive approach,

rather than negative avoidance arm gestures to interact with the gbof
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concept system does not influence emotion, but does influence creativity
individually, and the correlations indicate that there was no clear
relationship between the percentage of correctly answered insight
problems and selfeported emotion across the expeental conditions, we
assume that the interactive system in its current state cannot be used to
influence the emotiorcreativity link effectively during verbal insight
problem solvingThisdoes not supporhypothesis H4vithin the context of

insight prdolem solving

5.7 Discussion

The findings in our studgemonstrate that an interactive system can be
designed to hack the function of motor expressions in emotion regulation to

help people perform better on certain creative taglesearch objective Q2

Thefindings suggest that positive, rather than negative emotsaociates
with augmented creativity during idea generatibat not duringinsight
problem solving (H1). This ineisis nothing new (sectiaIQ.Z.l.J 2.2.1.9.

However, it shows that there was a relationship between emotion and
creativity in the datdhat the interactive systernould havanfluenced. The
findingsfurther suggest thatwhen positive approach rather than negative
avoidane arm gestures are usedith our interactive systempositive
emotion is augmentedduring idea generatiofH2). However, we did not
find clear effects of the motor expressions on emotion during insight
problem solvingThisindicatesthat embodied interatons designed based
on motor expressionsand used to interact with our systeman help to
regulate emotion during idea generation. However, support for its
effectiveness during insight problem solving was wealsing positive

approach rather than negjae avoidance arm gestur&gth our interactive
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system,augments creativity during an idea generation tasknot during

an insight problem solving $& (H3. This indicates that embodied
interactions designed based on motor expressiarg used to intect

with our system, can augment creativithuring idea generatianThese
findings indicate that during idea generation the useaditive approach
rather than negative avoidance arm gestures, augments creativity via its
influence on the emotiowreativty link (H4).That is,the effects of the
interactive system on emotion (H2) ao creativityduring idea generation
(H3), can be explained by the effects of the system on the emotion

creativity link (H1).

There wereof coursealso limitations to the stud Most notably, these were
introduced by not including a control conditidsio control conditions were

used for the embodied interactions (e.g. by using a more neutral expression

to record ideas or problem solutions), nor did we enable a comparison
between the used embodied interactions and not using any embodied
interactions at all (e.g. using automatic speaker recognition to automatically

e ES VvV *3}% 3Z pn]} E YE E AZ v ]8 ZZ E«[ *%
ZZ E[ *}u }v *% I|]JvP VvCu}E X

First,and similar to the limitations in study 1 (chapter 4), not using a neutral
embodied interaction limits the results that are obtained in this study
because on the basis of the current results we cannot argue that positive
approach gestures boost positivenetions (congruence)or suppress
negative emotions(incongruence) nor that negative avoiding gestures
upregulate negative emotiongongruencepr suppress positive emotions
(incongruence) and thereby influence the link between emotion and
creativity acordingly. As such, we cannot conclude that our use of positive

approach gestures, or negative avoiding gestures bothe hHaad an
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influence on emotion, and thus not whether congruence or incongruence
was responsible for the effects observ@tlisrequirescomparisonthe use

of a neutral arm gestureSuch a neutral expression can possibly be
uncovered by a studgpbserves naturally occurring expressions during a
creative taskcf. Won et al., 2014)n such a studyhe motor expressions
observed that donot associate with particularly high or low task
performance,and do not associate with emotional responding, could
perhaps be ensidered a neutral expressioBased on this knowledge a
reliable neutral embodied interactiorould possiblybe designed, enabling
the use of a control conditiotdowever, since the present study lacks this
knowledge, and thus a controlewcan only conclude that it is likely that
there is a difference in the way thusing embodied interactionsafluence

the emotioncreativity link.

Secondwe also did not test whethéhe use of the embodied interactions

in itself could have been an influence on creativity. For instance, as argued
in study 1 (section 4.7), it might be the case using embodied interactions is
in itself detrimental to eativity, because it might burden working memory,
which would be unburdened and thereby conducive to creativity when
compared to not using embodied interactions with the interactive system
(cf. de Dreu et al., 20)2Although this could help justify these of
embodied interactions as a means to help augment creative thinking, we
believe that such a study is outside the scope of this thesis. Rather, we aim
to uncover the mechanisms based on which interactive systems can be
designed to make use of the enwoticreativity link effectively. Thus, the
study design aligns with the goals set for this thesis (section 1.2). However,
studying whether or not embodied interactions desigfased on motor

expressions can be used to enhance creativity, when compareit tsimg
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such embodied interactions is likely to be invaluable to justify the use of this
particular approach to interactive systems in practice. Therefore, it may be

an interesting opportunity for future research.

Just like in study 1 (chapter e only es e §Z %o ES] ]% VSe[ %}e]S]A

versus negative feelings as a proxy to emotion. However, literature review

on the emotioncreativity link (sectiofR.2) also showed that there exist

other aspects of a positive or negativeation that can influence creativity
during idea generation and insight problem solving. This is particularly
relevant because the arm gestures used in our study involved expressive
features that explicitly associate with approach and avoidance action
tendencies. Even though we have argued that their effect on emotion was
assumed to target the regulation of positive and negative emotion, we
cannot rule out that there were differences between the experimental
conditions that were due to these approach andidance tendencies only.
With regard to developing and explaining the mechanisms that underlie the
effectiveness of the developed approach, the results obtained may be
confounded. Therefore, we advise caution when interpreting this particular

aspect of thestudy results.

The results also point toward interesting limitatiof@r the possible
effectivenes®f our approach. Whereas during idea generation the results
were clear, during insight problem solving there were less pronouniced
even nonrexistentrelaionships between the arm gestures, emotion, and
creativity.It might be that other factors, which we did not measure, had a
stronger influence on emotion during insight problem solving. However,
another explanation could be that the used arm gestureahg effective

for a limited amount of time due to habituatid¢cf. Stepper & Strack, 1993)

We cannot rule out the latter because we did not randomize task ortes.
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does however, suggest that more work is necessary to explicate the
temporal limitations that are inherent using the function of motor
expressions in emotion regulation as a means to target the emotion

creativity link.

There was also anothguossible limitationfor the effectivenessof our
approach. People who used positive approach arm gesteported more
positive emotion than the people who used the negative avoidance arm
gestures, but the latter people were still positive on average. It could well be
that the used creativeasksdid not generate sufficient negative emotion for
the arm gstures to help regulate these emotions, and all that we found was
that positive approach arm gestures increase positive emotion, and negative
avoidance arm gestures suppress positive emofibat would for instance
require tracking emotions automaticalgnd possibly another way of
choreographing interactions than we used in this study (e.g. Savva et al.,
2012) or at least the use of creative tasks of which we know in advance
cause negative emotions, or positive emotions, in a manner that can be
controlled experimentally Theefore we cannot know from theesults
obtained from this studywhether the function of motor expressions in
emotion regulation can be hacked for emotions other than positive ones.
Previous attempts at hacking the function of motorrespions in emotion
regulation suffered fromsimilar complications (Kok & Broekens, 2008;
Zariffa et al., 2014)which suggests variations in the emotions that motor
expressions can regulate, at least, within tise of our interactive system

(cf. Gross, 298).

It is also worth notinghat the sample size used in tlsgidy is on thdow
side for the used study design, which might make the results more sensitive

to individual differences among the participants in relation to the assessed
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influence on emotin and creativity, and therefore increase the chance of a
type | error.We would like to point out that these particular individual
differences that may play a role in this increased risk at a type | error are the
same as we discussed in the discussioriaecf study 1 (section 4.7). This
includes likely individual differences in the degree to which people are
sensitive to motor expressiorfdndreasson & Dimberg, 2008ritchley et

al., 2004; LudwickRosenthal & Neufeld, 1985; Mcintosh, 199&)pr
instance Gross & John (20P8howed that there exist individual differences

in the effectivenessvith which people use motor expressions to suppress
(via incongruence) negative emotions. Furthermore, individual differences
exist in the way people mobilise emotabn motivational, and cognitive
changes in response to different creative taskerda et al., 2095 For
instance, some people have more fun doing a task where they have to solve
one complex problem creatively, while others enjoy generating many
different solutions to a problem quickbjside from an increased chance of

a type | error, this also threatens tlexternalvalidity of any conclusions
that were dravn basedon the study resultsThat is, A  }v[8 IV}A ]J( §Z]-
approach to interactive systems wilbrk for anyone, during any creative
task.As such, future studies that would focus on justifying the use of motor
expressions in an interactive systems context, rather than focusing on
uncovering the mechanisms underlying such systems (such as we dd), wou

do well to include individual difference measures (e.g. Soroa et al., 2015).

Furthermore we believe it is good to reiteratbat the way the interactive

system was made was focused on testing the hypotheses within the

constraints of the methodology thave chose to usgsection|3.2.9.

Therefore, we did not take into account some of the factors that may be

obvious when one aims to design an interactive system for practical
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application. Foinstance, the embodied interactionsed were very specific

in their design, and the movements were large and vpbgssicallytasking
Therefore, for usability and ergonomic reasons, one could argue that this
particular way of making this approach to interactive systems is not scalable
to more practical domainslherefore we suggest thatare must be taken
when building further uporthe way we have made our preof-concept

interactive system

Thus, the contribution of this study is a demonstration that an interactive
system can be designéal use the function of motor expressions in emotion
regulation to help people perform better on idea generation tasks that
require creativityWe assume that ouwlemonstrationthat the function of
motor expressions in emotion regulatiefiectivelyinfluenced the emotion

creativity linkat least partlypositively answersesearch question RQ1

The next step is to investigate the suggested limitationthe effectiveness
of the goproach developed in this study with regard to its ability to influence
the emotioncreativity link. This however, will béhe subject of future

research, which wilbe addressed in more detail in the discussion chapter

(section8.5.]) of this thesis.
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6.Study 3: Hacking into cognitive
appraisal processao augment

creativityduring idea generation

A paper that details the study discussed in this chapter was presented at the

2015 ACM SIGCHI Conference on Creativity and Cogritioe 2015,

Glasgow, UK. This paper is includg8igpendix

6.1 Introduction

In this chapter, we describeur second novel approach tmteractive

systens, whichis designed to hack into the cognitive appraisal processes

that form part of positiveand negativeemotions, vith the goal to augment

creativity during idea generatianin particular, this study focuses on

explicating the mechanisms underlying the proposed apprddased on

experimental and theoreticdindings from psychologyBéas et al., 2008;

Roseman, 20%1Scherer, 2009)andthe results fron study 1 (chapt

and study 2 (chaptﬁ, we suggestthat the degree to which}v [« }Av

ideas are appraised &®ingoriginal causes posita/or negative emotion

andthat this can influencereativity duringdea generationOn the basis of

this argument, wealevelopedfor our final two studiesa proofof-concept

interactive system, which autonomously estimates the originality of the

pe E[s ] U Vv %E * vSe SZ o *S]ueduger. This | 8§} §Z
system is designed to be able to manipulate this feeklba a way that

conveys thatgue E[e ] e (E 0 ¢ }E]P]Jv OU $Z <« u U }E u}CE

people might typically expect, so that we are able to vary the likelihood that
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people appraie their own ideas as more or less original, and cause positive
and negative emotion accordinglZare is taken that this is done in a
manner that is believable to userBhe aim of the developed interactive
system is to help explicate the mechanisms ulydey the proposed
approach in an experimental studwe hypothesize and experimentally
demonstrate thathe developed approactanbe used tanfluence the way
users appraise the originality of their own ideas, and that making the ideas
look more originathan they are causes more positive emotion, which
augments creativity during idea generation. Thhs, contribution ofthe
study presentedin this chapter is a demanstration that an interactive
system can be designed to use the function of cognitiveaggairprocesses

in positive emotion, to help people perform better on idea generation tasks
that require creativityresearch objective Q3NVe assume thabur positive

demonstration positively answers part oésearch question RQ1

6.2 Causing emotion

Cognitve appraisal theorydescribes the way in which appraisals, or
perceptions, of events]v v ]Jv JA] p o[+ VvoA(J<E Jamotiosal
responsegMoors, 2013; Roseman, 2011; Scherer, 200Bgse appraisals

typicallyfeed forward todrive changes in otheemotion componentswhich

shape its adaptive respongieidurel5). That is,they determinefor a large

part the changes that an emotion brings about in the way people think and

act. According to this theory, appraisals thatlicate goalconduciveness

and goalobstruction differentiate positive from negative emotions. Goal

conduciveness and geabstruction refer to the way in which an event

Jviop v ¢« 8Z % E}IPE <+ §}JA E 83 Jv]vP 8Z ]v JA] p o[« P

event imples that the current situation can lead to or led to attaining the
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]v 1Al u o[¢e.B.Jgame performance when the goal is to perform well)
positive emotion is elicited, but when it implies the revefeey. bad
performance when the goal is to perforneNy, negative emotion is elicited.
Other appraisals (e.g. of cause, coping potential, and norm violation) further
differentiate the type emotion that unfolds (e.g. the difference between the

positive emotions of joy and pride). S@doors, 2013; Rosemar2011;

Scherer, 2009pr overviews.

Figurel5 Schematic of the function of cognitive appraisal processes in emotion causation.
An event in the environment causes emotion (e.g. a positive emotion), via cognitive
appraisal processe(e.gan appraisabf an eventhat is perceived as goabnducive, such
as good performange by feeding forward to drive changegden arrows in the other
emotion components.

There are, however, twoonditionsthat need to be taken into account to
enable these appraisals to lead to a sufficiently strong emotional response
to impact the link between emotion arateativity during idea generation

We believe that both these two factors need to be taken into account when

designing our interactive system.
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Hrst, certain interactions between appraisatsan be conditional for an
emotion to emergdBrans & Verduyn, 281 Sonnemans & Frijda, 199h
addition to the influence of appraised gaanduciveness or-
obstructiveness on positive or negative emotiohg tappraisedgoal
relevanceof an event, i.e. the evaluation of how strongly the event affects
§Z ]v ]JA] p o[+ UWEE vi P} degreecuio W@hich othsiZ
appraisal processes can caaseemotion (Kreibig et al., 2012; Nyer, 1997)
For instance, wén primed with achievement goals, performance feedback
that is positive (success) and negative (failure) can elicit positive and
negative emotions but only when people appraise the performance
feedback to be sufficiently relevant to their current go#=ibig et al.,
2012) This suggests that an event should be perceived as both goal
relevant and goatonducive tcenable it to causemotion. That is, without

any goakelevance an event is unlikely to cause an emotion that brings

about noticeable changa the way people think and act.

Second, feedback connections amahg emotion componentgKigurel),

can create a temporary disposition to have the same emotion that was
initially caused when they were first manipulat@awis, R05; Scherer,
2009; Siemer, 2005Yhus, appraising an event in a particular way increases
the likelihood that subsequent events will be appraised in a similar manner
becausethe changes that cognitive appraisal processes bring about in the
other emotioncomponents not only feed forward, but aled back into
these same emotion components(Siemer, 2005)It follows that when
appraisals of a certain kind happen more closely togetherattilgatesthe
emergence of the associated emotional respofRegman, 2011) For
instance, if there are only a few gaainducive events over a period of

time, one might feel slightly positive, but when something obstructive

138



happens,}v [emotional state might be prone to change. However, if the
rate of goalconduciveevents increases, positive emotion will emerge in a
way that is more intense, and less prone to negative influeflioesis,
2005; Roseman, 201I)herefore, a certairate of goalconducive evenis
likely also to be necessary to cause a sufficientypgtemotional response

for our approach to be effective.

It could be argued thanteractive systemghat are designed to hack into
the cognitive appraisal processes thatigoart of emotions, exismplicitly

in many different types of technologié&hd is, it is unlikely that the use of

emotion induction techniques from psycholopection2.3.1.3, affective

mirrors (sectiof.3.1.3, and way®f mimicking social interactions (section

2.3.1.4 donot rely on some form of appraisal process to enable emotions

to be caused. We believe, however, that our approach is closer to
technologies that target reward and punishment, such as gaming
technologies,which are conceptully closely related to the processes
underlying appraisal theory (Koster, 20R)r instance, aopular approach

to designing games is to set a minimal amount of points that need to be
scored, as the goal that needs to be met to advance in the game. The
accumulation of points scored throughout the game informs the appraisal
of the progress of the playerwards his or hegoals, and causes positive
emotion accordinglyJ@rvinen, 2007 Similar approaches have been taken
outside the context of games, suahin the desigrof positive technologies
(Calvo & Petay 2014) persuasion, and generally technologies that aim to
change behaviour (Eslambolchilar & Rogers, 20IBjs indicates that
interactive systems can be used to hack into the cognitive appraisal
processes that form part of emotiondowever, €chnologies that explicitly

target appraisal processesith the goal to cause emotion, arelatively
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rare such as (cf. van Reekum et al., 200) interactive systemsurrently

exist that explicitly attempb causeemotion, rather than induce emotion in

a more indirect manngsection2.3.3.3, to influence the emotiowreativity
link.

In this chapter we develop such a technology, by explicitly enabling an
interactive system tamanipulate the cognitive appraisptocessesthat
cause and differentiate positive and negative emotions during idea

generation.

6.3 Causing emotion to augment creativity

Todevelop a theoretical basis fan interactive system that can hack into
the function of cognitive appraisal processes, to augment creativity, we

attempt to bring together cognitive appraisal theory with the role of

appraisalgluring idea generatioffFigurel6).

Creativity during idea generatianvolves cycling dck and forth through
information processing steps that involve conceptual combination, the
actual generation of ideas based different concepts, and the evaluation of
these generated ideas (Lyer et al., 2009; Mumford et al., 201Bor
instance, conceptuatombination feeds forwarihto the idea generation
step in the creative process to provithe concepts based on which ideas
can be generated whereas idea evaluation feeds back inte idea
generation step in the creative procetss provide information about the
originality or usefulness of the generated ideas, which in turn shapeay
people generate idegd.yer et al., 2009Now, it is important to distinguish
between thedifferent ways in whichidea evaluation is conceptualised. In
this study, wereat idea evaluation as something that happens quickly and

automatically, in a manner that forms part of the way people generate
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ideas, and in a manner that guides the generative prot#ss.generation
therefore always has a generative and eviaheacanponent (Lyer et al.,
2009). Noe¢ the idea evaluatioms conceptualised in this studydifferent

from the type of deliberate and reflective idea evaluation, which forms part
of creativity techniquesand is often done to select ideas after for instaamce
brainstorm session (Isaksen et al., 2011). The focus on the former justifies

use of the literature on the link between emotion and creativity during idea

generation (sectiof2.2.1.3. Note that in our studies we refer to this

particular cyclesimply as idea generation because webelieve that we
cannot isolatat from the conceptual combinatiortkat feed forward, and
the evaluations that feed back into the idea generation step in the creative

process.

We assume that a cogniévappraisal theory of emotiofRoseman, 2011;
Scherer, 2009)can also be applied to treppraisals that form part dhe
evaluation of ideas, and therefore idea generaficinLyer etal., 2009. A
technology that is designed to influence the appraitfadé form part of
positive and negative emotionmay therefore be able to help to
intentionally cause positive and negative emotidasing idea generation

tasks

Events that argyoalrelevantwithin the context ofidea generationcan be
found by examinig the function ofidea generationn the creative process

as a whole. Typically, the function of the generative componerdeaf
generationisto output sufficientoriginalmaterial during the early stages of

a creative process, whereas other goals, agdeveloping effective ideas,
become more important during later stag€xopley, 2006; Mumford et al.,
2012)X dZ]e ]« & (o S ]Jv % }%0 [¢ ip Pu vs }(

originality can weigh stronger than effectiveness for ideas desglopan

141

E

S]AT:



ideagenerationtask €f. Forster & Dunbar, 2009This indicates that within
the context ofidea generationthe appraised originality of an idea has at

least some goaklevance

It follows from the above that generating original rather than unoriginal
ideas is goalconducive rather than goalobstructive We also found
evidence for this in study 1 (cha@rand in study 2 (chap[@. Therethe
amount of original ideasand the percentage of ideasdt are original,
rather thanfor instancethe total amount of ideagfluency) have been

shown to correlate positively with positive emotion during idea generation

Table 3| |Table 5). This suggeststhat generating more original ideas

associates witpositiveemotion,whereasgenerating more unoriginal ideas
associates withnegative emotion We conjecture that an increase or
decrease irthe rate of appraised original ideaan thus drive a positive
feedba& loop between appraising originality, positive emotion, and
generating originality, which enables the emergence of a sufficiently strong
positive emotion to lift both emotion and creativity simultaneously, and
robustly. Note that this is different fronstudy 2 (chapte@, where we
assumed, based on empirical results by othekhbari Chermahini &
Hommel, 2012a; Brunyé et al., 2013; Zenasni & Lubart,) 20t positive
emotions were caused by the generation of many and skvédeasAn
interactive system that targets the rate at which original and unoriginal
ideas are produced can therefore be assumed to target the link between
positive emotion andcreativity during idea generatiomn this study we

develop and investigatich an interactive system.
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Figurel6 A schematic of our use of cognitive appraisal processes to influence the emotion
creativity link. The figure shows tfignction of cognitive appraisal processes in causing
positive emotionléft, green arrow, the influence of positivemotion on creativity during
idea generation (right), and the way the interactive system makes use of this relationship
to influence the emotiowmreativity link (bottordleft). Note that the event that causes
positive emotion is now assumed to be the generation of original ideas.

In section2.3.3.3we discussed possible limitations of interactive systems

that are designed tonfluencethe emotion-creativity link The gist of this
discussion was that in order to be effective, the way such an interactive
system influences emotion should be meaningful within the context of a
creative taskin study 1 (chaptﬂ and study 2 (chapt@ we developed a
novel approach to interactive systems that addresses these issues by
making use of the function of motor expressions in emotion regulatian.
believe thatusinginteractive system$o influence the cognitive appraisal

processes thatause emotion during a creative task, is anoffeérsection

5.3), second approach #t can tackle these limitations by providing

meaningful interventionsThis isas we have discussed abobecausehe
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cognitive appraisal pcesses thahelp cause emotionduring a creative
task are specificd the goals people have during thakative task. If such
an interactivesystem can provide informatiar feedbackhat is believable
enough so thapeople takethis feedback into acemt during theirappraisal
processes, the the interactive system can influence emotion in a manner
that is meaningful ta creative taskror this reasonwe believe thahacking
into cognitive appraisal processesay be an effective approach to

interactve systems that attempt tmfluencethe emotiorcreativity link.

To furtherdevelop and investigatthis, until now, theoretical conjecturg
we will focus on targeting appraisals about originality to hack into the
cognitive appraisal processes that caymmsitive and negative emotion

duringidea generation

6.4 Interactive system

To evaluate ourconjectures we have developed a proofof-concept

interactive system that is designed to influence the appraisal processes

underlying positive and negative emotiorridg idea generationFirst, the

system is capable of estimating the originality of an idea beliavable,

humarnlike way, in realime. Second, the system is designed to manipulate

( | }v §Z }E]JP]v o]SC }( v ] ]Jv eu Z asA C 8z § §Z
appear less, the same, or more original than they really are. Finally, the

system enables textual input of ideas, and presents the manipulated

feedback on those ideas after typing, so that this can help the user to

appraise his or her own ideas, with th Ju }( Jv(op v JvP SZ e EJ[-

appraisals of their ideas and thereby increasing their creativity.

144



6.4.1Estimation of originality

We operationalize originality as the statistical infrequency of an idea
(Guilford, 1967; Plucker et al., 201Tis is the same dimition used in our

previous studies when using the objective scoring method to assess

creativity (sectio[8.3.9. It follows that the frequency of an idea in a large

collection of ideas about a particular subject might inditlae originality of

that idea. Calculating originality thus requires a way of 1) representing
ideas, 2) representing the space of ideas about a particular subject, and 3)
using that idea space to estimate the originality of a new idea(Feester

& Durbar, 2009; Harbison & Haarmann, 20fot)related approaches.

6.4.1.1ldea representation

In our system, an idea is represented as an unstructured collection (set) of
word senses and related concepts. To generate this representation, the
system takes an idea intoaal language, disambiguates the pafispeet

of the words in the ideasising the Hn-pos tagger as developed by
(Halacsy et al., 2007@xtracts the verbs and nouns, and then disambiguates
the word sense of these verbs and noussg the Adapted Leslktgorithm

as developed byB@nerjee & Pedersen, 2002)/e assume that most of an

] [* u Vv]vP ] }vsS ]v Jlv 3Z A E « v vipve Jv §Z § ]
this approach less sensitive to different ways of phrasing the same idea, the
ISA (e.g. a house #building) and PAROF (e.g. a room is part of a house)
relations of the extracted senses are retrieved from Word{Retlbaum,

1998)to form a concept network for each idea.
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6.4.1.2Idea space generation

To be able to estimate the originality of an idea theesystequires an idea
space. This is created by taking a large collection of ideas, extracting the
word senses from these ideas as previously described, and storing and
counting the frequency of all these word senses. For this study we used the
ideas that hd been generated in previous studies using the same idea
generation task that we will use in this stug@g. the AUT)These were
taken from study 2 (chapt@ and from studied®y (Griffin & Jacob, 2013;
Silvia et al., 20085lepian & Ambady, 2008)able8), which were kindly

donated by the respective authors of the papef those studiesThis
enabled us to generate three idea spaces, representing ideas about using a
brick, a paperclip, and a knif&his was technically feasible, because the

collections of ideas that were used, were already constrained to the AUT

subjects.
Subject | n-people | n-ideas Taken from
Brick 409 3504 Study 2; Griffin & Jacob, 2013; Si
et al., 2008; Slepian & Ambac
2012.
Paperclip | 210 2128 Griffin & Jacob, 2013.
Knife 242 1698 Silvia et al., 2008.

Table8 Characteristics of the idea collections.

6.4.1.3Estimation of originality

To estimate the originality of a new idea the system extracts the concepts
from this idea and retrieves the frequencies of these concepts from the idea
space representation. For each idea the system summarizes the frequencies

of the extracted concepts, or senses (including the associated senses) by
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computing the grand mean. Thiat the mean of the means for each of the
senses and their associated concept networks. This is done to insure that
the contribution of each sense is not strongly dependent on the amount of
semantically related senses found in WordNet, and to reduce the
dependency of the scores on the amount of verbs and nouns that are
present in an idea. The system then computes the percentile rank of the
grand mean relative to the grand means of all the ideas used to generate
the idea space for a particular subject. Thislds a ranked originality

estimate that ranges between 0 (=very unoriginal) to 100 (=very original).
dZ]e ] §Z <<Ce3S u[* -SlitytBatis(uge@inRHesstudy.

6.4.1.4Prestudy: Humasdikeness of the systems estimates

To investigate whether the sgsuf[e *S]Ju § ¢ }EE *%}V Al8Z Zpu v
estimates we asked people to estimate the originality of 45 ideas (15 for

each subject iE able8). We asked people to use a Likert scale from 0 to 10

(O=very unoriginal, 10=very original) fl) estimate how original they
thought each idea was, and 2) state what was the lowest and the highest
score that they felt could reasonably be given for each idea. -Dimety
people (16 females, 15 maldd,g=34.6,SRge=9.87) rated the ideas in this
way. These people were students and employees of a UK and a Dutch
university, and did not participate in the main experiment. The same set of

ideas was also rated by the developed system.

To test the consistency of the human ratings of originality and c@mpar

§Z « A]8Z 8§Z <+Ce§ u[s & S]vPe A (]JE*S o upuo & 3Z u
SA v 8Z % ES] |% vSe[ E 3]vPe ~trahust@n®d. Theie]vP &]+Z E]|

results showed that the originality estimates by the participants correlated

on average weakly to modsely to each other, .260 & .673, with
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estimates of the participants was simil#8§453.This indicates that people
rate the originality of ideas in a maar that has limitecconsistency and

that the consistency of the ratings of originality by the system with those of
the participants, is similar to the consistency observed among the
participants This supports our assumption that a collection of ideas about
one subject came used to estimate the originality of an idea in a manner

that is consistent with human estimates.

6.4.2Feedback manipulation

For our experimental purposes we enable the system to manipulate the
feedback it provides on ideas so that it seems to users thatittesis are 1)
less original than they might expectefativg, 2) similar to what they
expect feutral, or 3) more original than they expegioéitivg. To make
sure that thesdeedback manipulatiorare believable (e.g. not too positive
that the user wald not take the feedback seriously anymore), we used the

data from the prestudy described above to fit three mapping functions

Table9) that could map the originality of an idea ealculated by the

system to a believableating for use in the positive, neutral or negative

conditions, as described below.

All the functions were generated using curve fittifdnese curves were
fitted without an intercept to force the polynomial to pass through zEay
the neutral manipulation wéditted the systems unmanipulated estimates,

with the human estimates. The resultintgathematicalfunction maps the

*Ce*S u[* pHVU V]%opo S *SJu S ¢ 8} %% E}A]JuUu S

appraisals that people usually expect. To obtain the negative and @ositiv
mappings we fitted the human estimates with the lowest and highest scores

the participants felt could reasonably be given, using a quadratic function.
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The resulting functions map the estimates that are processed by the neutral
mapping,to originality esimates that are worse or better than people

typically expect.

Feedback manipulation Mapping function
Negative B:T; L &avdEd&arvT®
Neutral BT, L &swv

Positive B:T; L s&{VIF arzT®

Table9 Generated mapping functions for the negative, neutral, and positive feedback
manipulations.

We assume that if uselmlieve the feedbacto provide information that is
relevant for the appraisal of their own creative task performance, then
these manipulations should influentee way emotions are caused, and

thereby influencehe link betwen emotionand ceativity.

6.4.3Presenting the feedback

To enable basic textual input of ideas and effectively communicate the
feedback on those ideas we developed a user interface. Users can type in
their ideas in text blocks using the English language. Upon pressing ENTER
the system estimates the originalibf an idea, and maps this score to an
output value using the prspecified negative, neutral, or positive feedback
manipulation. The resulting output is presented as informational feedback
about the idea the user just generatel@. The feedback is

presened by using a colour code (redvwriginal, orage=somewhat

unoriginal, ambersomewhat original, rgen=original), and numerically

using the manipulated ranked estimate of originality.

We assume that presenting the feedbaigtt after each idea is generated,

collides with the moment that the user will anyway tend to evaluate his or
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originality of his or her own ideas, which may then target the hypothesized

link between positive emotion arleativity during idea generation

Figurel7 A screenshot of the way feedback is presented showing text entry (left), and
feedback (right). The ideas and feedback shown here are responsediticthas a
subject, with the negative feedback manipulation.

6.4.4Hypotheses

To put our theoretical conjectures and developed procebf-concept

interactive system to the test, we experimentally tés¢ following five

hypotheseg '(ablelol.
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# | Hypothesis

H1 | Positive, rather than negative emotion associates with augme

creativity.

H2 | Positive, rather than neutral or negative manipulatodrfeedback

presented by the interactive systangments creativity.

H3 | Positive, rather thaneutral or negativemanipulation of feedbac

presented by the interactive systeauses positive emotion.

H4 | Negative, rather than neutral or positiveanipulation of feedbac

presented by the interactive system causes negative emotion.

H5 | Positive, rathethan neutral or negative manipulation of feedb
presented by the interactive system augments creatwidy its

influence on the emotiecreativity link.

Tablel0 Hypothesegor study 3.

6.5 Method

To test the hypotheses and thegebxperimentallyevaluate the interactive
system,we used an exgrimental withinsubject design, with e& of the

participants doing three creative tasks while being expdsedcegative,
neutral, and positiveeedback manipulations described above. fHeelback
manipulations and thebjectsused in the creative taskgere randomized

to prevent research bias

6.5.1Participants

In total, 49 people (25 women, 24 mé,ge=30,SDRge=8.38) participated in

our study.Two participants guessed the purpose of the stadg five
people reported to have tried to game the interactive system by typing in
bizarre ideas to gain high originality scores during one or more of the tasks.

We removed these cases from further analysis to ensure that the possible
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extraneous sources @friation they introduce did nobfluence testing the
hypotheses, and thereby threaten the internal validity of the stidys
resulted in 134 usable cases. All participants were students or employees of

City University London.

6.5.2Materials and measurement

6.5.2.1Creative tasks

To gather databased on which we could asseS¥ %o (& S Jcrg4ddive S [«

capabilities during idea generatione againused theAUT(section3.3.1).

Participantswe E ]veSEN ¥ }jud} w% A]JSZ =« use,Qod ]A E

original uses forthe common objectas you can_ within 4 minutes.See

section[4.5.2.1 for the rationale underlying these particular instructions.

Participants used the interactive system to do the AUT three timesthaith
brick, paerclip, and knife as a subjeckhat is, the AUT subjects about
Azl Z 3Z 1v3 E 38]A <Ce3 u ]e o0 38} +3Jlu s &z

ideas(Table 8). Presentation order was randomizedote that the AUTs

results are susceptible tdearning effects which can introduce an

extraneous source of variation in the désaction3.3.1). This is introduced

by the use of a withisubject design.Although randomizationmight
mitigate learnng effects to some degree, it is unclear to whetest this

occurs Therefore, we need to accept this threat to validity.

6.5.2.2Assessment afreativity

W e §Z - Cendgindlty estimatesto assess creativitycf( section

3.3.3. Any idea scoring above the "75rank, according to the

unmanipulated estimate calculated by the system, was counted as an

original idea (26% of the ideas in this study). For each participaaigain
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used the percentage scoring methothat is, v dvided the number of

original ideas by the total numberf @leas generated during a taskee

section5.5.2.3for the rationale underlying this correctioNote thatuse of
§Z +CeS u[e }E]P]v oighf intsatlpoe Smeasgement error

Despite the results of our prstudy, which show that the system estimates

originality with a similar consistency as humans do, we do not know

whether the systemgstimates agree or disagrée the sane way people

agree or disagree, which wd threaten construct validitydowever, since

§Z ( | §Z § ]e pue S8} Jv(op v SZ % ES] ]% vS[e u}sSIh
§Z]+ u8}u 8 JE]P]v 0]3C « }JE U v}3 pe]vP 18 A}lpuo SZE

internal validityWe chose to support the latter.

6.5.2.3Assesment of emotion

The participants used Likert scales with emotion words on opposite ends to
seltreport feelings of satisfaction (1=not satisfied, 9=very satisfied) and

frustration (1=not frustrated, 9=very frustrated) they had experienced

during the task(section|3.3.3. We assumed that thesemotion words

would reflect the type of negative and positive emotions typically associated
with goalconduciveness and geabstruction while pursuing a goal under
time pressure in this ay (cf. Roseman, 2011; Scherer, 2009). We assumed
that this would make it easier for participants to recall theitifigs after

the tasksand therefore help reduce measurement errore Wsoassessd

positive and negative feelings separately, insteadsobpposites on one

scale which we did in study 1 (sect|drb.2.3 and study Zsection5.5.2.3.

Thiswas changed because this allowexito test the effects of positive and
negative emotion onreativity separately, which better reflects empirical

findings that show that positive emotion influences creatigggction

2.2.1.3, but negative emotion does not necessarily haveiafiyence on

153



creativity or has a dimishing influenceon creativity during idea

generation (section|2.2.1.3. Further potential sources of measurement

error were addressed in the way descriljg@viouslyin sectiom.5.2.3

6.5.2.4Manipulatian checks

Several checks were carried out to support the internal validity of the study

design (sectiofB.3.4. It is conceivable that the feedback manipulations

Juo Z A u §Z *Ce+3 u[* *3Ju S8 e 0 *enhajndh o U E 3Z &

the intended effects. To check whether the feedback manipulations in fact
led to the intended influences on appraised originality of ideas, the
participants used a Likert scale to rate their own creative performance after
each task (1=worse, 9=lbet than expected), as well as how reliable the

participants thought that the feedback was (1=very unreliable, 9=very

reliable).

6.5.3Procedure

Upon arrival the participants were seated at the computer and introduced
to the studyand its procedureWe used a ager story that informed the
participants that we were testing* XXX §Z ((1] € }( pe]vP  }Iu%ops
* %o %0} (ES ] Aoub witshé Unformation about the actual
experimental conditions until the end of the experiment. Informed consent
was signed, ahthe participants filled in a brief questionnaire to collect
personal dataage, gender). We then provided instructions for the tasks.
That is, that the participantsvould do three AUTs during which our
interactive system would provide feedback aboutdahginality of each ide
they came up with, provided further instruct®oneeded to do the AUT, and
U%Z ] 3Z 8 3Z ]E Plw A% HA]$Z « uvCU ]JA E- U v

original uses for the common object as you canpE]vP For thes | X
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*C+S uledback we emphasized that participants shodfl&d¥ pe SZ

( | e Puj §Z 8§ Z 0% Clpuy MHE]VP Clu&Ex ] P v & §]
picture of the common object used during each AUT was shown just before
eachtaskS§} JV(}Eu SZ % ES] ]% \Of pkternadtivé uSes the %o
were supposed to generaté\fter this participants did the AUThat is,
participants would type in their ideas, and during which they received
manipulated feedback about the originality of their ideas each time they
typed in andea and pressed ENTER. Thus, attempting to manipulate their
appraisal processes and subsequent emotional respobiseh task took
exactly 4 minutes. Thegeminutes werdimed internally by thenteractive
system, after which the system prevented the mdpant to typing in
further ideas.The common objects used, and the feedback manipulations
were randomised automatically by the interactive systBight after each
task ended the interactive system prompted a request to the participants to
fill in a queBonnaire. his questionnaire contained the measurement
instruments used to assess emotion aradry outthe manipulation checks.
Throughout the tasks, the interactive system automatically logged the
actual unmanipulated originality scores it computed dach idea, which
were used to assess creativi#yfter the three tasks and questionnaires
were finished the participants were debriefed. During this deliieftrue
purpose of the study was explained, andag&edthe participantsvhether

they had guessethis purpose, had tried to game the feedback by typing in
bizarre ideas, or had problems using the system otherwise. To compensate
the participants for their effort, we handed them a £5 voucher for a large

online retailer, and a chocolate bafA graphic epresentation of the

procedure is presented|ifigurel8
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Figurel8 Graphic representation of the order and timing of information, when the
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tasks performed, and the ratings used in the procedure.

6.5.4Analysis

%dasENRds o }( $Z pe E[

To analys the data from our study, we used linear mixed modelM\LM

analysis with two levels (Field, 2013he feedback manipulations were

entered as the repeated measures fixeffects at levell, with random

intercepts for the participants nested at lexxlThis enable@nalysis on
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repeated measurewith missing case@ield, 2013y ey Z « 3Z }v [« A
removed from the collected dat@ection 6.5.?. This is not possible with,

for instance repeated measuresANOVA which is a more common
guantitative technique to analyse repeated measures data (Field, Za13).

obtain a suitable covariance structu@ the LMMswe entered the data

with different covariance structures and minimized tHe Log likelihood- (

i>>e¢ v SZ u} of- PE +« }( (E }uxXx t }voC %o S
more degrees of freedom when the decrease2bL significantly differed
fromas]u%. o E u} o Phstibudian(Field,2013) For each of the

DVswe arrived at the scaled identity covariance structure as the best fit,

which is used to report our results in the following section.

6.6 Results

We first did two manipulation checks test whether the feedback
manipulations targeteé the way participants appraised the originality of
their ideas as intended, by submitting the manipulation checks individually
as DVs to an LMM, with the feedback manipulations as the IV. The results
suggested that there was a significant effect of fdetlback manipulations

on perceived creative task performanc&2, 87.86)=55.19,p<.001.
Complementarily, the results suggested that there was no significant effect
of the feedback manipulations on the perceived reliability of the feedback
K2, 87.91)=.554p=.577. Thidndicatedthat the feedback manipulains

had the intended effect.

To test whether there was an association between emotion and creativity

across the experimental conditignsve correlated originality, with

satisfaction (positive emotion)nd frustration (negative emotion)Table

. Because the data were repeated measures, persean centering was
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used toremove betweerperson variance (Enders & Tofighi, 200Me
results suggestethat there was a significantopitive correlation between
satisfaction and originality, and a significant negative correlationeeasetw
frustration and originalityThese findings indicatbat positive, rather than
negative emtion associates withincreased creativity during idea
geneation, which indicates that there is a relationship between emotion

and creativity in the datahis supports hypothesis H1.

Figurel9 Scatterplot matrix of the dependent variables originality, satisfaction, and
frustration. Thes variables were persemean centered

158



DV L 2. 3.
1. Originality -

2. Satisfaction | .382** -

3. Frustration -.438** - 733** -

Tablell Pearson correlation coefficierfisr originality, satisfaction, and frustratio(DVs).
Theg variables werpersonrmean centered. *p<.05, **p<.001.

v Originality Satisfaction Frustration
Negative 225 (.142) 3.42 (1.71) 5.87 (1.70)
Neutral 254 (.119) 4.80 (1.70) 5.13 (1.77)
Positive .292 (.145) 6.14 (1.50) 3.80 (1.89)

Tablel2 Means and standard deviations (between parenthesesyigfnality, satisfaction,

and frustration (DVs) for the negative, neutral, and positive feedback manipulations (IV).

v Originality Satisfaction Frustration

Negative -.067* (.026) | -2.70** (.29) 2.07* (.31)
[-.120-.015] [-3.28-2.11] [1.46 2.67]

Neutral -.036 (.026) -1.32** (.29) 1.33* (.31) [.72
[-.088 .016] [-1.90-.73] 1.93]

Positive a

Intercept 292* (.021) 6.12** (.24) 3.81* (.27)
[.249 .334] [5.65 6.61] [3.29 4.34]

Tabk 13 Estimates of fixed effects of the feedback manipulations on satisfaction,
frustration, and originality. Unstandardized estimates, standard errors (between
parentheses), 95% confidence intervals (between square brackets). *pp8501.
aData relative to the positive condition, as modelled by the intercept.

To test whether there was an effect of the way the interactive system was
used on positive emotion, negative emotioand on creativity individually,
we submitted satisfdaon, frustration, and originality individually as DVs to

an LMM, with the feedback manipulations as the IV. The descriptive
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statistics are presented [ifhable12| a scatterplot matrix of the dependent

variables is presented|igurel9

Estimates of fixed effecssiggested that there wassignificaneffect of the
feedback manipulations on originali§f2, 89.74)=3.33p=.040.Compared

to the positive condition (which corresponds to the intercept shamvn

Tabk 13), participants were less likely to generate original ideas in the

neutral condition(albeit not significanf)and even lestkely to generate
original ideasn the negative condition. Note however, that despite this
trend, only the difference between the negative and the positive conditions
was significantThese findingsdicatethat positive, rather than neutral or
negative manipulation of feedback presented by the interactive system

augments creativityThis suppds hypothesis H2

Estimates of fixed effects alsaggested that there was significaneffect

of the feedback manipulations on satisfactié{, 89.86)=42.27p<.001.
Compared to the positive condition, participants reported significantly less
satisfation in the neutral condition, and even less satisfaction in the
negative conditionThe findingsndicatethat positive, rather than neutral

or negative manipulation of feedback presented by the interactive system

causes positive emotioithis supports Ipothesis H3

Finally, stimates of fixed effects suggested that there veasignificant
effect of the feedback manipulations on frustratidi2, 89.94)=23.55,
p<.001. Compared to the positive condition, participants reported
significantly more frustratiorin the neutral condition, and even more
frustration in the negative conditiomhe findingsndicate that negative,
rather than neutral or positive manipulation of feedback presented by the

interactive system causes negative emotibims supports hypottsts H4
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Because the results from the LMMs indicated that there was an effect of the

feedback manipulations on satisfaction, frustration, and originality
independently, but the correlations also indicated that there was a positive
relationship between safsction and originality, and a negative relationship
between frustration and originality across the experimental conditions, we
assume that the interactive system developed for this study can influence
the emotioncreativity link effectively. Therefore,etresults also support

hypothesis H5.

In terms of model quality the estimates of covariance showed that the

feedback manipulations (repeated measuféable 14) represented the

majority of variability in these models. Howeverlircases the variance for

the random intercepts (participants) was significant as well (intef¢aplg

, which shows that there were variables that could explain differences
between the individuals in the relationship betwedhe feedback

manipulation, and originality, satisfaction, and frustration, that we did not

measure.

Originality Satisfaction Frustration

Repeated .015** (.002) 1.90** (.29) 2.05** (.31)

measures [.011 .020] [1.41 2.55] [1.53 2.75]

Intercept .005* (.002) .73* (.30) 1.06* (.38)
(subjects) [.002 .012] [.33 1.65] [.52 2.13]

Tablel4 Estimates of covariance for the LMKbs the DVs originality, satisfaction, and
frustration. Unstandardized estimates, standard errors (between paeses), 95%
confidence intervals (between square brackets). *p<.05, **p<.001.

6.7 Discussion

Our findings demonstrate that an interactive system can be designed to

hack into the function of cognitive appraisal processes in emotion, positive
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emotions in partialar, and that this can be used to augmemneativity

during idea generatiofresearch objective Q3

The findings suggest that positieatisfaction) rather than negative
emotion (frustration) associates with augmented creatyviduring idea
generation (H1). This indicates that there was a relationship between
emotion and creativitythat the interactive system coulmhfluence. The
findings also suggest thatogtive, rather than neutral or negative
manipulation of computational feedbgckugments creatity during idea
generation (H2. This indicates that the positive manipulation of the
appraisal of how original pe  [«ideAssarepy our interactive system,
influences the likelihood that subsequently generated ideasalgitl be
original. Furthermae, the results suggest thabsitive, rather than neutral

or negative manipulation of computational feedback causes positive
emotion (H3; and that negative, rather than neutral or positive
manipulation of computational feedback causes negative em{tdnThis
suggests that the positive and negative manipulation of the appraisal of how
JE]JP]v 0o pe E[* YAv ] teracti@® syste@, inlEndemsitive

and negative emotiomespectively.Therefore we assume thathe results
alsosuggested tht positive, rather than neutral, or negative manipulation
of the feedback provided by our interactive system augments creativity via
its influence on the emoticoreativity link (H5)That isthe effects of the
interactive system on positive (H3) and a@ge (H4) emotion, and on
creativity (H2), can be explained by the effects of the system on the

emotion-creativity link (H1).

There werehowever alsdimitations to this study that relate to the use of
control groups. Although we consider the neutral fdetk marpulation to

be a control group,hat is, an experimental condition that is meant to
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function as a reference to which we can compare the positive and negative
feedback manipulations, we did nobntrol for not using feedback at all.
Several implid®ons arise from the lack of such a control condition that

delimit the conclusions drawn from this study.

In particular, the use of a ndeedback control group may have had a direct
influence on the emotiowreativity link. It is conceivable that neutral
feedback manipulation would not have resulted in similar ratings of emotion
because receiving feedback in itself can for some people associate with
negativity or positivity. For instance, it may be that some participants
associate feedback with authoritwhich threatens their autonomy and
thereby nfluences emotions, and possibtile emotioncreativity link
accordingly Bujacz et al., 20)5 Speculatively, such effects might apply
more strongly toreceiving negative feedback, and posslbssstrongfor
neutral or positive feedbackcf. Shepperd et al., 2008), which would
indicate a more complicated relationship between feedback, feedback
manipulation, and the emotieaoreativity link than was developed in this
study. It is clear that since we did not ud# such a control group,
Jv(E® v « }( SZ]- Il]v VVv}s u }v 8z °]e }( SZ <Spu C
However, this does point to an interesting novel direction for future work,
one that is more sensitive to individual differences and context in which the

developed approach to interactive systems is used.

In addition, he inclusion of an experimental condition where no feedback
was usedtould have gained insight into whether receiving feedback in itself
is either detrimental, conducive, or has no effect amativity when
compared to not receiving feedback. A study that includes such a control
condition can help justify the use of feedback and feedback manipulation as

an approach to interactive systems that influence creativity by manipulating
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the appraisaprocesses that form part of positive and negative emotions
during idea generation. For instance, and similar to the discussions of
control groups in study 1 (section73 and study 2 (section 5.7), it might be
§Z § 8Z v S} %o E&} e+« SZ oQredé&naferking merhory in

a manner that hampers creative itking (cf. de Dreu et al.,, 2012
Alternatively, one could argue that the feedback provided by the interactive
system makes it in fact easier to do a creative task. That is, the system takes
over the appraisal part of the idea generation process and therefore the
user does not have tosacrifice working memory capacityo these
appraisals, but can rather direct these resources to the generate part of
idea generation. However, it might as well battthese cancel each other.

In any case, we cannot draw conclusions of this particular kind, but it would

be worthwhile to design a further study that investigates this.

We would also like to point out that it could be worthwhile to focus future
studies onindividual differences as well. First, recent studies suggest that
people may strongly differ in the way they mobilise the emotional,
motivational, and cognitive changes necessary to perform well on a creative
task (Soroa et al., 2015). For instarqmespde differ in the degree to which
they get motivated to do a creative task, the degree to which they
experience positive emotions in response to a creative task, and iypine

of approach to creative problem solving they prefer to sey. by
generatingmany, diverse ideas, or by exploring only a few ideas in depth (cf.
Baas et al., 2008; Soroa et al., 2Q1bhisparticular line of workies in with
research on how people respond to feedbaBkward sensitivity theory
suggests that there are individudifferences in sensitivity to reward,
punishment, and motivatior(Corr, 2008 It is likely that reward and

punishment sensitivity interaetith, or are even at the basid differences
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in the way people mobilise the emotional, motivational, and cognitive
changes necessary to perform well on a creative (efsiBaas et al., 2008;
Soroa et al., 2015)This further points toward the complexity of using
feedback manipulation as a means to target the emeti@ativity link.
Future work should thereforeinclude indvidual difference measurdsat
take into account reward sensitivit¢grver & White, 1994and individual
differences in how people mobilise their emotional, motivational, and

cognitive resources during different creative tasksr¢a et al., 2015)

In addition, it is necessary to point out that our decision to measure positive
and negative emotion as satisfaction and frustration may have introduced
confounding factors into our assessment of the effects of our interactive

system orthe emotioncreatvity link. That is, we know from the literature

review on the emotiortreativity link (sectid@.2) that different aspects of a

positive or negative emotion can influence creativity in different ways. It
may therefore be thathere were also differences in for instance arousal
(section 2.2.2.1) or motivational direction (sections 2.2.2.2 and 2.2.2.3) that
could (also) explain (part of) the effects of the interactive system on the
emotion creativity link. These however, we didt rmeasure.So any

confounding factors cannot be rulexit.

There were also some inconsistencies in the dht might point to
limitations in the effectivenessof our second approach to interactive
systems that are inherent to the way it was mad#howh the impact of

our system on positive and negative emotappeared to beeffective, not

all results for originality differed significantly. Although there is a clear trend
that matches our hypotheses, the standard deviations and confidence
intervals shw that there is also a cleawerlap between the conditions, and

as a result no significant difference was found between the positive and
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neutral feedback manipulation®n the one hand we can argue that using
§Z +Ce*S u[*e *S]u $§ ¢ }( }E]Rierintrpdiites unnegessary
noise into the data, which makes the rejection of thd hypothesis less
likely and therefore increasethe chance of a type Il errofhis is to be
expected due to the limited consistency with which people, and in the same
way, the inteactive systemestimate originality. On the other hand, this
overlap is likely to be inherent in the way the interactive system is designed
to manipulate the feedback. That is, the feedback the user receives depends
Jv 8Z pe E[+ }Andgdan k& manipulated only so much without
jeopardizing its believdly. It is, therefore, likely that the system could in
some cases not increase the feedback enough to increase the rate -of goal

conducive events to generate a sufficiently strong posgtmetion.

The results point toward a limitation in the way our second approach to
interactive systems was conceivadd as such questions the assumptions
that went into its developmentWith our experimental setup it is not
possible to prove that there israciprocal relation between the appraised
JE]P]v 0]15C }( *ju }v [¢] U %}*]3]A ul}3]}vU v &z
of original ideas, which was assumed when conceiving our approach. This
leaves the experimental study open for alternative interpretaticand
therebythreatensthe « S ]int¢rnalvalidity. For instance, it could be that
more negative feedback is simply more inhibiting than positive feedback.
Many creativity techniques emphasize that less inhibition (e.g. deferring
judgment) is key toreativity (cf. Cropley, 2006; Mumford et al., 201R)is
conceivable that people experience positive and negative emotion
accordingly, without any impact on a reciprocal link between emotion a

creativity. However, theorgnd our own findings about theausal relation
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between the feedback, positive emotion, and originaligy in fact more in

line with our own explanation.

It is also worth noting that the use of a witlsanbject desigrnposes a
particular threat to theconstructvalidity ofAUTs used ithis study (Shadish

et al., 2002)First, the used AUT is sensitive to learning effects, which are
likely to have occurred over the thrédJTs, which were administered one
after the other.Second, ideas generated during previous AUTs might have
inspired deas in subsequent AUTs, which might have influenced the
}JE]IP]v 0]8SC }( §Z pe CE[*] U v SZ E (}E ]JvSE} p
source of variation into the data. Third, doing the AUT three times may have
led partigpants to get bored or fatigued duringe tasks, which would have
also introduced an extraneous source of variatibms introduces several
ways in which the use of a withsubject design can threaten the construct
validity of the used AUT$he advantage, however, of the witlgnbject
desim is increasedtatistical power. This helped e dealwith issues in

our previous studies, where we had to work with sample sizes that were on

the low sideg(section$.7)|5.7).

Furthermore, we blieve it is good to mention again that @evelopedthe

proof-of-concept interactive system specifically to test our hypotheses

(section3.2.3. As a consequence of that decision, we did not take into

account some of the factse that may be obvious when one aims to design
an interactive system for practical applicatibnparticular, the use of ideas
generated during previous AUTSs, as a basis for the system to estimate
originality, constrains the semantics of these ideas ¢cstibject used in the
AUT. That is, we already know that the ideas in the dataset are about the
hd[e ep i § ~ XPX pe o }( E] leX dzZ]e ]+ }VA v] v§

circumvents a bottleneck in natural lamge processing technology, which
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is the difficultyof current information technologie® relate randomideas
(sentences) semantically to each other in an accurate Waynipria &
White, 2014. The existence of this technological bottleneck might limit the
degree to which the way we made this particulaeiattive system can
scale from the AUTSs to reabrld creativity. Therefore, we suggest that care
must be taken when building on the particulealy that we have made our

proof-of-concept interactive system.

Thus, the contribution of the study presented this chapter is a
demonstration that an interactive system can be designed to use the
function of cognitive appraisal processes in positive emotion, to help people
perform better on idea generation tasks that require creativifg. assume

that our demonstation that the cognitive appraisal processésat form

part of positive and negative emotion during idea generatian, be used

to effectively influence the emotiecreativity link positively answers part

of research question RQ2

The rext stepis to inwestigate whether themechanisms underlying the
proposed approach tinteractive system developed in this studyan be

built uponto make use of other functions of cognitive appraisal processes in
emotion. In particular, we are interested fiod out moreabout whether

the developed approach to interactive systeoas alsobe used to help
determine emotional intensityrhe ability of an interactive system to help
determine emotional intensity might be of particular interest because it
might enable such a stem to help determine the degree to which an

interactive system influences the emotioreativity link (cf. sections

2.2.1.11|2.2.1.2 . Thiswill be exploredn study 4(chapte.
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7.Study 4: Hacking into cognitive
appraisal processes to determine
emotional intensityo augment

creativity during idea generation

7.1 Introduction

In this chapter, we describe theeconfiguration ofthe approach to
interactive system developedin study 3(chapter|§, with the aim to
investigate whether this approach can also effectikalyk into the function

of cognitive appraisal processes in determining emotional intenisity.
particular, this study focuses on egpting the mechanisms underlying the
proposed reconfiguratiorBased on experimental and theoretical findings
from psychology (Brans & Verduyn, 2014; Carver & Scheier, 1990; 1998), we
conjecture that the cognitiveappraisal processes that caugesitive ad
negative emotionsalso condition the expectations people have about
similar,subsequent events. In turn, these expectations provide a frame of
reference against whiclthese appraisal processes determiamotional
intensity. The ability of an interactes system to help determine emotional
intensity may enablesuch a system to target the emotigneativity link

with more precision than was previously possibleereby, it extends our
work from interactive systems that influence the emotaseativity link to
interactive systems that can influence the possible links between emotional
intensity and creativityThis may be particularly interesting because it may

enablesome control ovethe degreeto which such a systewan augment
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or diminish creativity.To explore this potential we configured the

interactive system developed in study 3 to meet these demands. We

hypothesize and experimentally demonstréthat $Z Jvs G S]A «Ce3 ufe
]o]3C 8} ul 8Z pe E[e JAv ] =+ %% @& o0 ¢ }E u}jE& }

used to condition expectations, atitereby help determin¢he intensity of

positive and negative emotios such, this study builds on study 3, and

extends it with a focus on how expectations can be conditioned such that

we can investigate the link betese the intensity of positive and negative

emotions, and creativity during idea generatioh. link between the

intensity of positive and negative emotions, and creativity during idea

generation, could, however, not be founthus,the contribution ofthe

research presented in this chaptey a demonstratiorthat an interactive

system can be designed to use the function of cognitive appraisal processes

in detemining emotional intensitfresearch objective Q4However, its

association with the emotieareatvity link requires further researcithis

answers part ofesearch question R@3sitively, and part negatively.

7.2 Determining emotional intensity

Cognitive appraisal processemt only play a role in causing and

differentiating emotion(section6.2), they also help determinemotional

intensity(Moors, 2013). That ithey help determinghe degree to which an
event drives changes in, and recruits, the emotion components (Brehm,

1999).

The intensity of an emotion is in part detened by the appraisal of an
event against some frame of reference (Frijda, 208i&mer, 2007;
Sonnemans & Frijda, 1994Across the range of positive and negative

emotions, apectationdJ §Z ]Jv ]JA] p o[* 0] (+ }uS 8Z % E} o }u
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of an event osituation,appearto provide such a frame of referen{®rans

& Verduyn, 2014; ligen, 1971). The more an event implies a deviation from

the expected progress towar@oalconduciveness)or away from(goat

obstructiveness)) $Z ]Jv JA] p o[+ P meddsesSthe ragulEng

positive or negative emotion,ieind the stronger the change that is fed

forward into the other emotion componen(€arver & Scheier, 1990; 1998)

@. That is, if expectations are low, the same ei&more likely to

Ju%oC 33 E % E}IPE <+ $}A E 37 emoidihtgnse[s P} o.U v

positive emotion than when expectations are high (llgen, 1971). If
expectations are high, the same event is more likely to imply worse progress
away fromthev JA] p o[+ P} o <€Unone intepse negative emotion
than when expectations are low (Brans & Verduyn, 20T4jus,
expectations can possibly be used to influence the intensity of both positive

and negative emotions.

There are of course many other facs that can influence the intensity of an
emotion. BEmotion regulation strategies such as distraction or removing
oneself from the cause of an emotion, cognitive reappraisal, or suppression
via motor expressions (chapters 4 and 5) can influence the itytesfsan
emotion when it is already caused (Gross, 19883re are also many other
cognitive appraisals thateterminethe intensity of an emotionvhen it is
caused Appraisal processes that are commonly found to determine
intensity across a range of @tive and negative) emotions atee novelty

of a situation (Sonnemans & Frijda, 1994), the unexpectedness of an event
(Carver & Scheier, 1998; Siemer et al., 2007), and the importance of an
event (Brans & Verduyn, 2014). Of these we can argue that ycwedt
unexpectedness share conceptual similarities (Carver & Scheier, 1998;

Siemer et al., 2007; Sonnemans & Frijda, 19Bwever, oftentimes
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determinantsof emotional intensity are appraisals that are specific to one
or only a few different emotion@rans & Verduyn, 2014; Carver & Scheier,
1998; Siemer et al., 2007; Sonnemans & Frijda, 1¥®f)instancethe
blamewortiness of a person during anger influences the intensity of anger
(one might be less angry at a child than at an adult depending on the
obstruction caused and the subsequent blathat is assigned), but much
less (if any) for other emotions (Sonnemans & Frijda, 1¥&jause
expectations have previously been showptovide a frame of reference
against which appraisals determitiee intersity of positive and negative
emotions (Carver & Scheier, 1998we focus on the links between
expectations, positive and negative emotion, and creativity gudea
generationin this study We will expand on how we further conceptualise

using expectatios as a way to help determine the intensity of an emotion.
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Figure20 Schematic of the function of cognitive appraisal processes in determining
emotional intensity. Cognitive appraisal processes can help condition expecfatipns
bad performance lowers expectations), which provides a frame of reference against which
subsequent events are appraised. The way in which an appraised event deviates from
expectations (e.g. good performance with low expectations, as opposed to good
performance with high expectations), determines the intensity of the resulting emotion
(e.g. good performance when expectations are low results in more intense positive
emotion than good performance when expectations are high), by determining not only the
tC% }( u}s]}v ~PE v EE}A«eU pus o0°} 32 PE }( ZvP ]v &z
components (+).

The cognitive appraisal processes that cause positive and negative

emotions, reciprocally condition the expectations that help determine the

intensity of these emtions (Carver & Scheier, 1990; 19@dyure20). This

is because expectations are formed, in part, based on how often and how

recenty particular events happen, andased on how these eventwre

appraised, in particular situahe (Weiner, 1985). That is, if an event, in a

particular situation, repeatedly implies better progress toward an

]Jv JA] p o[+ P} oeU /E% & §]}ve AJoo E ] (JE op
situations (Carver & Scheier, 1990; 1998)erefore, fian event repeadly

Ju%eo] *» UYE % E}PE «« A C (E}u §Z ]Jv ]JA] p o[* P} o-U

lowered for subsequent similar situatiofifie degree to which expectations
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are lowered or raised depends in part on the degree an event implies
Al 8]}ve (E}u }vefpedtatioch} (Carver & Scheier, 1990; 1998).

Note that other factors (e.g. the amount of available resources, or

optimism) can also influence expectations. See (Weiner, 1985; Wigfield &

Eccles, 2000) for overviews.

The effects of cognitive appraisal preses on expectatioris conditional
upon at least twaadditionalfactors(Carver & Scheier, 1990; 1998; Schunk,
1989; Wigfield & Eccles, 2000). \Wssume that these need to be taken into
account when designing an interactive system thakes use othe
reciprocal relation betweerognitive appraisal processasd expectation,

in determining emotional intensity.

First,whether people change their expectations or,m#pends in part on
the causethat is attributed toan event(Schunk, 1989; Wigfield & Eesl
2000). That is, the cause of an event should justify changing expectations.

For instance, expectations are raised when an event implies an increase in

the progreee $}A &E v Jv JA] J» o[pm*P} & 3Z ]Jv ]JA] p o[* }Av

abilities. However, whethe same event is caused by chance, the event has
no implications for the accuracy of any existing expectations, and will not

influence these (Schunk, 1989).

Secondpeople often engge in different behaviours farovide information
about whether a chang@e expectations is justifie@f. Roseman, 20}1For
instance, if task performance is worse than expegtedple do not usually
lower their expectations right awaypeople rather tend to invest more
motivational resources first (e.through increasingersistence (Carver &
Scheier, 1990; 1998). Only if this still does not lead to sufficient

improvement, do they lower their expectations. Similarly, when
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performance is better than expected, peopl not raise their expectations
right away, but instead vitaand see whether performance remains better

than expectedCarver & Scheier, 1990; 1998).

Interactive systemthat are designed to hack into the function of cognitive
appraisal processes in determining emotiangnsityare relatively scarce.
This is bcause the majority adxisting interactive systems amet designed

to, nor can be designed to, determine emotional intensity. Rather, they are

designed to help cause one particular emotion versus another (cf. section

2.3.7). Following the arguments used in study 3, our approach is closer to

technologies that explicitly make use of reward and punishment, such as

gaming technologies (sectipB.2). Because such technologiesplicitly

make use bthisfunction of cognitive appraisal processiy can also be
used to determine emotional intensityc{. Koster, 2018 For instance,
varying the difficulty of a game can make it easier or more difficult to attain
a certain amount of points. It follows thdifficulty can be used to condition

expectationsFor instance, aubsequent change in difficulty might influence

§Z % E}PE o+ 3}JAE }E A C (E}u v ]Jv ]JA] p o[ P} o

and influence emotional intesity accordingly (c@iarvinen, 2007Tjs et al.,
2008). Thisindicates that interactive systems can be used to hack into
cognitive appraisal processes to determine emotional intendibyvever,
interactive systems that explicitly leverage the function of cognitive

appraisal processes in detammg emaional intensity are novel.

In this study we devep such a systenmy explicitly enabling an interactive
system to manipulate the cognitive appraisal processes that cause positive
and negative emotion during idea generation, in order to comditio
expectations, andhereby determine the intensity of the positive and

negative emotions caused.
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7.3 Determining emotional intensitp augment

creativity

Todevelop a theoretical basis fan interactive system that makes use of
the function of cognitive appisal processeso determine emotional
intensity, within a creative contextye unify the above assumptions about
the role of appraisals in conditioning expectations, and the role of
expectations in determining emotional intensity, with the particulathef

appraisals that cause positive and negative @onst during idea

generaton, i.e.the results from study (i:hapteﬁ Figure21).

The resultsfrom study 3showed thatduringidea generationthe appraised
JE]JP]v 0]3C }( }v [+ }Apodtivesand inegative emotions. It
followsfrom the above sectior8§Z S SZ %0 % & ] }E]P]v 0]SC }( }v [

ideas can condition} v [expectations aboulhow likelyone isto generate

original or unorigial ideas in subsequent idea generation tdgkgure21).

These expectations provide a frame of reference against which these
appraisal processes determine the intensity of positive and negative
emotions during idea generatiofra instance, generatingnore original
ideas rather than more unoriginal ideasjay lead people toaise their
expectations aboutheir ability to generae original ideasWhen this is
followedat a later stage by generating reounoriginal ideasthe resuting
negative emotions will be more intense, than when they initially also
generated more unoriginal ided3etermining the intensity of positive and

negative emotionsmay alsoenable some control over the degree with

which emotions influence creativitycf( sectiong2.2.1.1 (2.2.1.3. An

interactive system that targets the appraisal of how original or unoriginal
Jve JAv ] ¢ E U epZ e« 5Z ]Jvd E 3]A <Ce3u A 0}%o
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(section@, may be able tohelp determine emotional intensity, and

therefore the degree to which it affects the emotioreativity link.In this

study we develop such an interactive system.

Figure21 A schemat: of our use of cognitive appraisal processes to influence the link
between emotional intensity and creativity. The figure shows the function of cognitive
appraisal processes in determining the intensity of a positive emotion (left, green arrows,
+), the hfluence of the intensity of positive emotion on creativity during idea generation
(right), and the way this configuration of the interactive system developed in study 3

makes use of this relationship to influence the emeticentivity link (bottoraleft).

In section2.3.3.3we discussed possible limitations ofenactive systems

that attempt to influence the emoticoreativity link In section|6.3 we

discussed how hacking into cognitive appraisatgsses is one particular
approach to tackle these limitations this studywe aim to build on the
latter approach, by enabling this interactive system with the ability to
determine the intensity of positive and negative emotidfe believe that
interactive systemshat target cognitive appraisal processes to determine
emotionalintensity might help to further explore the relationship between
emotion and crativity with more precision thawhat is possible with the

previously developed approachds paticular, because the relationship
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between the intensity of positive emotions, and creativity, is not well
understood (cf. Akhbari Chermahini & Hommel, 20 B4ms et al, 2008;
Davis, 2009).

To furtherdevelop and investigatthese theoretical conjecturesve will
reconfigure theproof-of-conceptinteractive system developed in study 3
(section@ to condition £ % § §]}ve Iud §Z }&]|&v 0]3C }( }v |

ideas, in order to helgletermine the intensity opositive and negate

emotionone experiences

7.4 Configuring the interactive system

In study 3 wealevelopedan interactive system that provides ré¢@he and

o] A o ( | }us Z}A }E]P]v o (chapt@ﬁ.- =
Manipulation of the ( IlU C ul]JvP SZ pe e[ ] * %% E
(negative feedback manipulatipnor more original fositive feedback
manipulatior) than people typically rate them to be, was shown to influence
the cognitive appraisal processes that form part of posdivé negative

emotions, and help cause these positive and negative emotions accordingly.

We assume thata newconfigurationof this same interactivesystem can
alsobe used to help detenine emotional intensityby making use of the
function of cognitive appraisal processes in conditioningeople][ ¢
expectationsabout how likely they are to generate original or unoriginal
ideas.We believe lhat to observe this particular capability of thigeractive
system it has to be used only twice, with a similakiashere the first task
V 0 SZ <CeS u S8} }v ]8]}v SZ e E[e A% S S]}veU v

task enables the system to determine emotional intensity.
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dZ +Ce3 us[ ]0]5C 3} %o}+]l§ anip@atevieedbakibhut
the originality of the us€E [« }Av ] U v He 38} v o 38Z (}oo}A]v

1. Negativefollowed by negativdeedback manipulation conditions low
expectations first, butas people become accustomed to these
expectationsthey come tobelieve they are doing as expectézhding to
less intense negative emotions

2. Positivefollowed by negative feedback manipulation conditions high
expectations first, and then leads people to believe they are doing much
worse than they have come to expect, leading to more intense negative
emotions.

3. Negatve followed by positive feedback manipulation conditions low
expectations first, and then leads people to believe they are doing much
better than they have come to expect, leading to more intense positive
emotions.

4. Positive followed by positive feedbackamipulation conditions high
expectations first, but as people become accustomed to these
expectations, they come to believe they are doing as expected, leading to

less intense positive emotions.

This influence of the interactive system on expectations, tedeby

emotional intensity,]* }v ]S]}v 0 U%o}v SZ CeS uf- ]o]SC S}W e
pe E o] A §Z § 3§z eCe3 uf[e ( | Z ¢ Ju% o] S]}ve
expectations about his or her own creativity abilities (cf. Schunk, 1989),

which is likely to be the casas was shown in the manipulation checks in

study 3(section6.6); and, 2) allow sufficient time for the user to interact

with the system in a manner that provides them with information about
whether a change in expectatiorss justified (cf. Carver & Scheier, 1990;

1998).With regard to the latter we assume that the timketask used for
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the AUT in our previous studies, would be sufficient time to justify a change

in expectations.

The ability of the interactive system to udee tfunction of cognitive
appraisal processes in determining the intensitypositive and negative
emotion can possibly enable further exploration of the emotoeativity

link. In this way, it is intended thamcreasel control over the intensity of
these emotions can enable the system to influence the degree to which

negative emotions are used t¢possibly)diminish creativity (section

2.2.1.3, and positive emotions are used to augment creati{ggction
2.2.1.9.

7.4.1Hypotheses

To investigate thestheoreticalconjectureswith the previouslydeveloped

and now reconfigured interactive system we will test the following

hypotheses experimental'ﬁablelS’.

# Hypothesis

H1 | The order in which feedback is made more positive or negative dete
§Z ]Jv8 ve]3C }( %o}+]3]1A v v P 3]A utrsi}

expectations about their ability to generate original ideas.

H2 | The order in which feedback is made more ipesitr negative influences tf
PE 38} AZ] Z % }%o0 @&E o S} Pv ES }@

influence on the intensity of positive and negative emotion.

Tablel5Hypothesegor study 4.

7.5 Method

To test the hypotheseand thereby evaluatexperimentallythe interactive

system,we useda betweensubjectdesign.Each participant did two idea
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generation tasks, wial using the interactive system, during which the

interactive system manipulated the feedback it generateduabthe

JE]P]v 0]13C }( 8Z % ES] 1% vSe[ }Av ] X Z % ES] ]%o
one of the followingorders in which thefeedback manipulationsvere

administered

1. Negative feedback manipulation in task 1 and in task 2.

2. Positive feedback manipulation task 1, followed by negative
feedback manipulation in task 2.

3. Negative feedback manipulation in task 1, followed by positive
feedback manipulation in task 2.

4. Positive feedback manipulation in task 1 and in task 2.

Analysis was done only on the resoltgained after the seconthsk, which

justifies using &etweensubject, rather than a withisubject designA

cover story was used to ldhe true purpose of the studisection6.5).

Both the feedback manipulations and the sabg used during the tasks

were randomized to prevent research bias.

7.5.1Partigpants

In total, 59 people (49 females, 10 malelsg=29,SRy=6.97) participated

in our study. Two participants guessed the purpose of the study, one
participant admitted not tchave paid attention to the feedback, and two
participants admitted to have tried to game the interactive system by typing
in bizarre ideasAs these may threatethe internal validity of the results,

we removel these cases from the analysis, which resite 55 usable
cases.Furthermore, care was taken to ensure that no participants were
recruited thatpreviouslyparticipated in study 3The vast majority of the

participans were students or employees of City UrsitgrLondon
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7.5.2Materials and measurements

7.5.2.1Creative tasks

To gather data(@E}u AZ] Z A }po  ee oo §7

%0 CE§] ]%0 V§[°

during idea generationye again used the AUT (sec"@.@.l . Participants
wereinstructed to Y }u u% A]S8Z <« u vCU ]JA @estbr v }E]P]v o

the common object as you carwithin 4 minutesSee sectio

4.5.2.1

for

the underlying rationaldor the way these instructions were frameé

different object (either a brick or a paperclip) was used for each task.

Presentation order was randomized.

7.5.2.2Assessment afreativity

To assess theriginality of the ideas the participants generated during the

AUTwe againpte 3Z *Ce3 u[* }Av pvu v]%o

pHO S

}YE]P]v 0]SC

(section6.5.2.3. The amount of ideas generated in the second AUT that

were above the 75 percentile rank was counted for each individual (24% of

the total amount of ideas in this study). We then divided the total amount

of ideas, ly the amount of original ideas to corrdot fluency.See section

5.5.2.2for the reasons fowusing thiscorrection and sectiorE.S.Z.Z

for

possible sources of measurement error that are introduced by automating

the way originality is asssed.

7.5.2.3Assessment of emotiahintensity

The participants used a Likert scalestdfreport the satisfaction (1=not

satisfied, 9=very satisfied) and frustration (1=not frustrated, 9=very

frustrated) they had experienced durirgpch task (section

3.3.3.

We

assume that emotional intensity is reflected in the degree to which people
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rate being ot frustrated t very frustrated and not satisfied very satisfied.

For instance, a central tendency closer towards very satisfieteiprieted

as a higher intensity positive emotion than a central tendency closer toward
not satisfied.Note that we used the same approach to sedport as

described in study 3vhere we did not focus on measuring emotional

intensity (section |6.5.2.3. However, because the used scales are

dimensional we can also use these to study emotional intgjesgyBrans &

Verduyn, 2014; Siemer et al., 200fhdion was assessed after the second

task. See sectiof.5.2.3for the general rationale for the way setjport

was implemented.

7.5.2.4Assessment of expectations

To assess whether the feedback manipulations influenced the partic[pants
expectations, they were asked tse a Likert scale to rate the degree to
which their task performance deviated from their expectationsn{ich

worsethan expected 9=much better than expected). Note that the same

scale was used as a manipulation check in studge8tion|6.5.2.4.

Expectations werassessed after the second taske explicitly did not
check forthe expectationgparticipants hadrior to each taskecausewe
were unsure whether peopleould beable to selreport these in a manner
that would yield valid results. Instead, we assumexd tie degree to which
performance violated their expectations, would be easier to repoft (
Carver & Scheier, 1990; 1998hd would therefore reduce measurement

error.

7.5.2.5Manipulation check

One manipulation check was carried out to support the interralityaof

the study design (secti¢®.3.4. We used a Likert scale to assess whether
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perceived reliability (1=very unreliable, 9=very reliable). Thisavelkeck
whether the feedbacknfluenced emotion as intended’his was checked

after the second task.

7.5.3Procedure

Upon arrivathe participants were seated at a computer and introduced to

the studyand its procedure A cover story was used that informedeth
participants that we were testing* XXX §Z ((1] ¢ }( pe]vP  }u%ops
* L %o %0} (E S ] Aubwe $vthtédd information about the actual
experimental conditions until the end of the experiment. Informed consent

was signed, and the participantsefill in a brief questionnaire to collect

personal datalage, gender)We then explained that they would do two

AUTSs during which our interactive system would provide feedback about the
originality of each idethey came up with and provided instructions abou

the AUT We emphasised that their goal wast }u p% A]$Z + u vCU
diverse, and original uses for the common object as you capn E]v P Z
task. & }E 5Z *Ce3 u[e ( | A u%Z ]I 3Z ®Y% ES] % v§
use the feedback as a guide that lseljpu during your idea generation

%0 (E} A pikture of the common object used during each AUT was shown

just before each task.he common object and feedback manipulations were
randomised automatally by the interactive system, after which the task

statted, during which time they generated and typed in their ideas, and
received manipulated feedback about the originality of the ideas they were
generating, in reaime. Thusthis marks the moments at which we believe

the system manipulates the participgntexpectations, emotions, and
emotional intensity.Each task took exactly 4 minuteshich wastimed

internally by theinteractive system. After these 4 minutes ended the
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interactive system automaticalfyrevented the participants from filling in
more ideas automatically After the first task, the system prompted a
request to start with the second task when ready. After the secondttask
interactive system prompted a request to fill in a questionnalieis
guestionnaire contained the measurement instients used to assess
emotion andcarry outthe manipulation checksAfter the experiment
ended,the participants were debriefed. Theiee true purpose of the study
was explained, and wasked wiether the participants had guessed this
purpose, had tried tgame the feedback during some tasks, or had other
problems using the system. To compensate the participants for their effort,

we handed them a £5 voucher for a large online retailer, and a chocolate

bar. A graphic representation of the procedure is presdnrnFigure22
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Figure22 Graphic representation of the order and timing of informatiohen the
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subsequently their expectations, emotions, and the intensity of their ematitresjasks
performed, and the ratings used in the procedure.

(

7.6 Results

§} Jv(opu v

§Z

%o %o @NJe O° }( §Z pe E[

We frst carried outa manipulation check so we cowgdt an indication of

whether the manipulation®of the feedback provided by the interactive

systeminfluencedthe way participants appraised the originality of their

ideas asntended. This was dongy submiting the perceived reliability of

§Z

ogoé ufe

(

svag JANOYR, with théeedback

manipulations, i.e. the fouorders in which the feedback manipulations

were administered as thelV. The resultssuggested that there was no
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significanteffect of the feedback manipulations on perceived reliabf®;,
50)=.14,p=.937.Thisindicatesthat the feedback manipulations were likely

to have the intended effect

Figure23 Scatterplot matrix of the dependent variablegpectation, satisfaction,
frustration, and originality.
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DV 1. 2. 3. 4,

1. Expectation -
2. Satisfaction .881** -
3. Frustration - 449%* -521** -
4. Originality .334* .360** -275* -

Tablel6 Pearson correlation coegfentsfor the DV9riginality, satisfaction, frustration,
and expectation. *p<.05, **p<.001.

To test whether there were saociations between expectations, emotional

intensity, and creativitgcross the experimental conditions, we performed several

correlgions(Tablel6).

To test whether there was an association between expectations and the
intensity of positive (satisfaction) and negative emotions (frustration),
across the experimental conditionsye correlated the expectation,
satisfaction, and frustration ratings. The resudisggestd a significant
positive correlation between expectations athe intensity ofsatisfaction,

and a significant negative correlation between expectations ted
intensity offrustration.Based on th correlations alonéhere appears to be
arelationship between the deviation froexpectations and the intensity of

positive ando some extenhegative emotions.

Totest whether there was an association between emotion and creativity
across the experimeal conditions we also correlatedhe intensity of
satisfaction and frustratigrwith originality The resultsuggestdthat there
wasa significant positive correlation between originality #ralintensity of
satisfaction, and a significant negativeretation between originality and
the intensity offrustration. This indicates that positive, rather than negative

emotion associates Wi augmented creativity.
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Feedback Expectation| Satisfaction | Frustration | Originality
manipulation
First task | Second

task
Negative | Negative| 5.14 (2.38)| 5.14 (2.54)| 4.86 (2.07)| .245 (.141)
Positive | Negative| 4.00 (2.00)| 3.83 (2.08)| 6.25 (1.42)| .145 (.129)
Negative | Positive | 7.43 (1.34)| 7.00 (1.57)| 3.71 (1.73)| .297 (.244)
Positive | Positive | 4.57 (2.03)| 5.50 (2.14)| 4.07 .73) | .305 (.223)

Tablel7 Means and standard deviations (between parexg@sfor expectation,
satisfaction, frustration, and originality (D\$oreach of the feedback manipulations (V)

To test whether there was an effect dfetway the interactive system was
used, onexpectationsemotionalintensity and creativity individually, we
submitted expectation, satisfaction, frustration, and originality individually

as DVs to a onay ANOVA, with the feedback manipulations as\th&he

descriptive statistics are presenteqTiablel7| a scatterplot matrix of the

dependent variables is presente¢Higure23

The results suggested that there wassignificanteffect of the feedbac
manipulations onexpectatios, H3, 53)=7.83,pD X 11i43.320. Pairwise
comparisonf the feedback manipulations pe]JvP &]¢Z E[*s 0 3 ¢]PV](] V¢
difference t no corrections appligdshowed that egative followed by

positive feedback manipulationfluencedpeople to believe they did better

than theyexpected, when compared to positive followed by negative, and

positively or negatively manipulating feedback in both tgBkguie 24

Table 18] Expectations). Positive followed by negative feedback

manpulation influenced people to believe they did worse than they
expected, when compared to negative followed by positive, and positively

manipulating feedback in both tasks, but not when compared to negatively
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manipulating the feedback in both task#is ndicates that the interactive
system can use cognitive appraisal processes @ ¢S]}v %o } %00 [°
expectations, but only with the manipulations that were designed to target

the intensity of satisfaction.

The resultalso suggested that there wassignificat effect of the feedback

manipulations on theintensity of satisfaction K3, 53)=4.96,p=.004,

{?=.229. Pairwise comparisonsps]vP &]*Z EJ[* o S «]PV](] vsS ]J(( &
no correctionsgapplied showed that egative followed by positive feedback

manipulation heightened the intensity of satisfaction, when compared to

positive followed by negiae, and negatively manipulating feedback in both

tasks but the results were less clear when compared to positively

manipulating the feedback in both taslesigure24 Tablel8| Satisfaction).

This indtates that the feedback manipulations that were designed to target

the intensity of satisfaction were effective.

The results also showed significant effect of the feedback manipulations
on the intensity of frustration,H3, 53)=3.76p A X i i ¥t184. Pairwise

Ju% EJe}lve ~pe]vP &]*Z E[+ o <S5t ndPooirettions [J(( E v
applied showed that psitive followed by negative feedback manipulation
heightened the intensity of frustration, when compared to negative
followed by posive, and positively manipulating the feedback in both tasks,

but not when compared to negatively manipulating the feedback in both

tasks |Figure 24{ | Table 18| Frustration).This indicates that the feedbac

manipulations that were designed to target the intensity of frustration were

also effective.

As such,the results indicate that varyinghe order of the feedback

manipulations across tasks leads to changds expectationgbut only for
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the manipulatios designed to target the intensity of satisfaction)h#)

intensity of satisfactionand 3) the intensity of frustratioflhe resultsalso

indicate a positive cortation between expectations and the intensity of

positive emotion. Thereforaye assumefat the order in which feedback is

made more positive or negative determines the intensity of positive and

v P §]A u}sltv C }v ]JS]}Vv]VvP % }%0 [* A% S S]}ve JHE
to generate original ideas. That is, the probtoncept interactive sysm

can be used to influence the intensity of positive emotions during a creative

idea generation task. This supports hypothesis H1, but only for positive

emotions (satisfaction).

The resultssuggestedfurthermore that there was no overall significant
effea of the feedback manipulations oogreativity as measured by
originality H3, 53)=1.83,p A X i i 81J099. Pairwise comparisor{ssing
&]*Z E[* 0 S5 <]Pv](]tnosScoriddtiolts appliedshowed that
negative followed by positive feedback manipulation augmented originality,

when compared to positive followed by negative, but not wbempared

to positively or negatively manipulating feedback in both téskgie24

Table18] Originality). Positive followed by negative feedback manipulation

diminished originality, when compared togative followed by positive, and
positively manipulating feedback in both tasks, but not when compared to
negatively manipulating feedback inthotasks. This indicates that the
feedback manipulations designed to influence the intensity of frustration
had a negative effect on originality. However, the expected effect of the
feedback manipulationdesigned to targethe intensity of satisfactiodid

not yield observable differences in the ability of the participants to generate

original ideas.
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Because the malts indicate that the order in which the feedback
manipulations are appliedausedchanges in 1) expectations (but only for
the manipulations aimed at targeting the intensity of satisfaction), 2) the
intensity of both satisfaction and of frustration, 3p some degree in
originality (but only negatively and for the manipulations aimed to targeting
the intensity of frustration), we cannot provide a cleat explanation for

the manner in whictthe order of the feedback is made more positive or
negative infuences the degree to which people are able to generate original
ideas. This despite the result that there is a correlation between originality
and satisfaction and frustration. This suggests that the interactive system in
its current configuration canndie used to influencereativityduring idea
generation, at least not in a positive manrdrerefore, these results do not

support hypothesis H2.
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Figure24 Estimated marginal means, 95% confidence intervals (error barsp-aaldies
for % JEA]e Ju% E]e}ve ~&]+Z E[+ o tnd cofrestipfiapplied of( E v
posthoc testing for expectation, satisfaction, frustration, and originaliBVs), for each of
the feedback manipulation@V) NN=negative feedback manifation in both tasks,
PN=positive followed by negative feedback manipulation, NP=negative followed by
positive feedback manipulation, PP=positive feedback manipulation in both 1gsk€5,
** p<.001
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Mean

| 3 Difference
DV (1-9) P-value
Expectation | N NP -2.29 .003
PN 1.14 147
PP 57 447
NP NN 2.29 .003
PN 3.43 .000
PP 2.86 .000
PN NN -1.14 147
NP -3.43 .000
PP -.57 465
PP NN -57 447
NP -2.86 .000
PN 57 465
Satisfaction | NN NP -1.86 .024
PN 1.31 121
PP -.36 .656
NP NN 1.86 .024
PN 3.17 .000
PP 1.50 .066
PN NN -1.31 121
NP -3.17 .000
PP -1.67 .048
PP NN .36 .656
NP -1.50 .066
PN 1.67 .048
Frustration | NN NP 1.14 .150
PN -1.40 .093
PP .79 .320
NP NN -1.14 150
PN -2.54 .003
PP -.36 .650
PN NN 1.39 .093
NP 2.54 .003
PP 2.18 .010
PP NN -79 .320
NP .36 650
PN -2.18 .010
Originality NN NP -.05 AT7
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PN .10 197
PP -.06 413
NP NN .05 AT7
PN 15 .050
PP -01 913
PN NN -.10 197
NP -.15 .050
PP -.16 041
PP NN .06 413
NP .01 913
PN .16 .041

Tablel8 Pairwise comparisons (Fisher's Least Significant Differer@eorrections
applied) reported by means of the mean differences between the indeperalriiles
and the pvalues for the dependent variables expectation, satisfaction, frustration, and
originality. The independent variables are abbreviated as follows: NN=negative feedback
manipulation in both tasks, PN=positive followed by negative feedtmackpulation,
NP=negative followed by positive feedback manipulation, PP=positive feedback
manipulation in both tasks.

7.7 Discussion

Our findings demonstrate that an interactive system can be designed to
hack into the function of cognitive appraisal processesmotion, to help
determine emotional intensityHowever, the used configuration of the
interactive system did not yielthy observable positive effects on creativity

during idea generatiofresearch objective Q4

With regard to the effects of the ietactive system on the link between
expectations and the intensity of positive (satisfaction) aedative
(frustration) emotions. Ae results indicatehat the order of the feedback
manipulationscan causechanges in expectationdHowever, this only
happened whennegativewas followed by positivdeedback manipulation
(which is designed to influence thatensity of positive emotion). The
results also indicate that the order of the feedback manipulations can

influencethe intensity of positive and tsomeextent of negative emaotion.
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As discussed, the resultsuggest a positive corriation between

expectations and # intensity of positive emotion. Therefonse assume

that the order in which feedback is made more positive or negatinde

used to determie the intensity of positive and negative emotidrhis, we

assume isdoneC }v ]S]}Vv]VP %o }%0 [+ A% S S]}ve }us sZ |E
generate original idea3hese findingsuggest that the used configuration

of the interactive system can be used tougfice the relationship between

expectations and the intensity of positive emotion, but not between

expectations and the intensity of negative emoti@ar findingstherefore

appear tosupport hypothesis Hbutfor positive emotions only.

With regard o the link between expectationthe intensity of positive and
negative emotion, and creativity dugindea generation (originalityThe
results indicate thathe order in which the feedback manipulations are
applied caused changes in expectatiansthe subsquent task This
however, only appeared to hold faegative followed byositive feedback
manipulation (which was used to influence the intensity of positive
emotion) Complementarily, the results indicated that this influenteel
intensity of positive emotion and the intensity of negative emotion.
However, the manipulations only influenced creativity negatively (when
positive feedback manipulation was followed by negative feedback
manipulation), and did not influence creativity as expected via theteftd

the feedback manipulations on expectations. Moreover, the differential
effects of the feedback manipulations on the intensity of positive emotion
did not yield any observable differences in creative thinking ability during
idea generation. Thereforeve cannot provide a cleaut explanation for

the manner in whichhe order of the feedback is made more positive or

negative influences the degree to which people are able to generate original
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ideas. This suggests that the interactive system in itemuconfiguration
cannot be used to influence the creativity during idea generation, at least
not in a positive manner. Therefore, these results do not support hypothesis
H2.

There wereof course alsdimitationsto this study thathave some bearing

on the validity of the claims that can be maaleout the results. One major
factor was the lack of control groupd/e consider the use of the same
feedback manipulation in both AUTs as a way of controlling for the fact that
variation in feedback manipulation shd lead to differences in emotional
intensity. However, as in study 3 (section 6.7), we did not use a control
condition where participants were assignecataonfeedback situation (i.e.
participants would use the same interactive system, but the systemtdw

not provide feedback on their ideas). Therefore, and given the similarity
between these two studies, the same limitations apply. We therefore refer
to the discussion in chapter 6 (section 6.7) for a detailed discussion of the
limitations of a lack dhis type of control group for the conclusions that can

be drawn from both studies.

In addition,there is also one particular limitation that pertatogthis study
only. That is, we did not includeutralfeedback manipulation ascantrol
condition sud as in study 3 (chapter 6). Inclusion could have provided us
with a more finegrained perspective on the effects of the feedback
manipulations on emotional intensity. For instance, such a study could
indicate thatamount of deviation in expectatioms Inearly responsible for
seltreported intensity of positive emotion. This in turn could have provided
a more detailed account of how the variation of feedback manipulations
over time influenced the emotieareativity link. Possibly, such a study

would haverevealed that there is a curvilinear relationship between the
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intensity of positive emotion and creativity during idea generaiien that

this relationship is best describeas an inverted t$hape (cf. Akhbari
Chermahini & Hommel, 20t If the latteris the case, then not including a
control group is a likely cause of our inability to find a clear relationship
between positive emotion and creativity such as in our previous studies
(chapters 4, 5, and 6jlowever, not including the neutrabndition insuch

a manner didhot allow us this more fingrained perspectivavhich limits

the conclusions we acadraw from the collected data.

Becauseecent findings indicate that the relationship between the intensity
of positive emotion and creativity during @&egeneration is curvilinear
(Akhbari Chermahini & Hommel 2@} 2a different method should likely be
usedthan we did in this studyRather than using feedback manipulation as
a categorical variable, we suggest to uniformly randomise the degree to
whichthe feedback is made more positive or negative over time. One could
use curve estimation to find out whether variations in feedback
manipulation yield differences in a manner that is curvilinear, and thereby
provide the required fingrained perspective onhé link between the
intensity of positive emotion and creativity during idea generation that is

required to uncover any curvilinearities.

We alsowish to point out that our decision to measure the intensity of
positive and negative emotion as the intensitysatisfaction and frustration
may have introduced confounding factors into our assessment of the effects
of our interactive system on the emotianeativity link. For instance, since
we did not measure arousal or motivational direction we cannot rule ou
that the observed effects on the emotianeativity link (or lack thereof)
were explained betteby theseunmeasured arousal effects (section 2.2.2.1)

or changes in motivational direction and their intensity (section 2.2.2.2 and
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2.2.2.3). Thus, we cannnile out that there wee confounded factors that
(also) explained the found influences of the interactive system on the

emotion-creativity link.

It is also worth noting that the sample size used in this study is dowhe
side for the used study desigmhich might make the results more sensitive
to individual differences among the participants in relation to the assessed
influence on emotion and creativity, and therefore increase the chance of
type | and type Il errors, which threatens the validityryf @onclusions that

were drawn based on the study results.

Furthermore, the repeated use of the AUT might have introduced learning

effects into the data obtained (also see seqtor). Although we only used

the data from thesecond task, and therefore no differences in learning
effects would be expected, one could argue that it does introduce the
effects of learning itself into the data, which threatens the construct validity

of the AUT used. We recommend that the reader takissinto account.

The resultdo howeveralsopoint towardsomeinterestinglimitationsin the
effectivenessof our interactive system, with regards to its ability to
determine the intensity of positive and negative emotions, and
subsequently its abilityo influence the link between emotional intensity
and creativity duringdea generation that could form the basis for any

future work.

First, he ability of the interactive system to determine the intensity of

positive emotion could be explained by theywhe feedback manipulations
}v 18]1}v % }% 0 [+ .AAHGwevér, Sifis} effect orexpectations

could not explairthe effect of the interactive system on the intensity of

negative emotion Furthermore, the manipulations used to cause
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differences in thdantensity of negative emotion also diminished creativity
during idea generationThis suggests that differences in the intensity of
negative emotions were found, but natl via the mechanisms based on
which the iteractive system was conceived. Thuss findicates that the
mechanisms that underlie the effects of the system on negative emotion
and its subsequent negative effect on creativity require an alternative

explanation.

We suspecthat people are possibly more willing to accept situaionthe

way they are presentewhen they are in line with their current goats. (
Siemer, 200p Receiving morgositive feedbackhan expectedmight be
more inline with the goals people have during an idea generation task, e.g.
attaining good performance, whitdéadpeople to attribute thecause of this
more positive feedback tdheir own abilities more easily. In contrast,
receiving more negative feedback than expectedgestsa conflict with
these goal$n which situation people might be more reluctant to qutabe
feedback agelevant to their own abilitiegeadingthem to attribute the
cause ofthe negative feedback externally, e.g. by blaming the interactive
system The latter would explain why people reportedore intense
negative emotionand why no effeicof these emotions on the emotien
creativity link was found, because these emotions were not about creativity,

but rather about something else.

Secondthe currentability of the interactive system to make use of the link
between expectations, emotiahintensity, and creativitycan theoretically
only extendto the relatiorship between expectationsthe intensity of
positive emotiog, and creativityduring idea generatiarAlthoughthe ability
of the interactive system to use the functiasf cognitive appaisal

processes in positive emotion, to determine thdensity of positive
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emotions, was clearjt did not augment creativity Several possible

exdanations might be offered here.

It might be that negatively manipulating the feedback in both tasks,
increases effort (Carver & Scheier, 1990; 1998), which might augment
creativity though another mechanism than the one assumed in this study
(e.g. de Dreu et al., 2008). This can explain the minor differences found
between negative followed by positive feedbaakanipulation, and
negatively manipulating the feedback in bdasks.lt might also be that
positively manipulating the feedbankboth tasks led to carry over effects,
where positive motion caused in the first task was sustained in the second
and therdore could benefit creativity throughout the second task
(FernandeAbascala &lartin Diaz, 2013). Whereas, negative followed by
positive feedback causemore intense positive emotidsut may only start

to augment creativity later in the task.

However, webelieve that it is moreglausiblethat negative followed by
positive feedback manipulation caused positive emotion with too much
intensity, and positively manipulating the feedback in both tasks, caused
positive emdions with too little intensityto leadto differences in creativity.
This could possiblige explained byhe previouslymentioned curvilinear
relationship between the intensity of positive emotion and creativity
(Akhbari Chermahini & Hommg2D12b). That is,tihas been argued that low
intensity positive emotion causes too little, and high intensity positive
emotion causes too much flexibility, which makes it difficult to focus
sufficiently to generate ideas (Baas et al., 20B8}itive emotions of
moderateintensityare in a sweet spot wherdére is increased flexibility,
but still sufficient ability to focus on the task at hand. We suspect that the

current configuration of the interactive system did not target nratke
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intensity positive emotiomut instead only low andigh intensity positie
emotions yielding no observable differences in creativids such, the
potential ability of our interactive system to make use of riationship
between the intensity of positive emotionand creativity during idea

generationrequires more work.

Thus, the contribution of the research presented in this chapter is a
demonstration that an interactive system can be designed to use the
function of cognitive appraisal processes in determining emotional intensity.
We assume thathe demonstration that cognigvappraisal processes can
be used to determine emotional intensity, partlpositively answers
research question RQPBIowever, the lack of consistent findings of the
influence of the system ahe relationship between the intensity of positive
and negativeemotions and crativity during idea generationegatively

answers part ofesearch question RQ2

The next step is to investigate the suggespetential limitationsto the
effectivenesf the approach developed in this study with regard to its
ability to influence the relationship between emotional intensity and
creativity duringdea generationThis however, will bthe subject of future

researchthat we will addressin more detail in the discussion chapter

(section8.5.9 dof this thesis.
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8.Discussion

8.1 Introduction

The research presented in this thesis describes the first steps in the
development of two novel appaches to interactive systertsat influence

the emotioncreativity link that aimto help people to get more out dtfieir

own creative capabilitiesn this final chapter, wsummarize the studies
that have been undertaken @nswer the research questioasd attain the
research objectiveshat we have set in the indbduction chapter of this
thesis, andthus, the contibutions of the work as a wholeSeveral
contributions to creativity sciencand interactive systems research are
claimed, and the limitations that emerged throughout the studies that are
relevant to these contributions are discussdthroughout our stude
several potentially interesting limitations to the effectiveness of our
developedapproachesave been identifiedlToenable further investigation,
and offer possillities to overcome these gential limitations we identify

anddiscusshewdirections fo future work.

8.2 Summary of the studies

We have argued thatmeotions can influence the way people think and act

in a manner that augments or diminishes creatifggction2.2). Therefore,

the ability of people to have the emaiis that augment creativity cdrelp
themto get more out of heir own creative capabilities. We believe that this
provides an opportunitfor designers of interactive systems that aim to

augment creativity, and provides a new application domain for dasigr

interactive system that aim to influence emotiorséction2.3.3. How to
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developinteractive systemsuch that they caeffectivdy make use of this
potential wasuntil now,an unanswered questio@mhapterﬁlﬁl. The
studies presented in this thesis present some initial answers to this

question.

The mainchallengethat we identifiedwas that the dewelopment of an
approach to interactive systems thatan effectivelyenable these to

influence emotion, should do so in a manner thatiso suits creativity

(section2.3.3.3. We conjecturedthat in order to effectively influerecthe

emotion-creativity link,the way an interactive system causes emotion

should be meaningful within the context of the creative task used.

The identified challenges translated into two research questions about
whether or not our two new approaches toteractive systems can
effectively influence the emotiecreativity linkthat weresupported by two

research objectives (one for each study).

RQ1: Can the function of motor expressions in emotion regulation be used to
develop an effective approach to irstetive systems that influence the

emotioncreativity link?

O1: Demonstrate that imposing motor expressions can help regulate

emotion and augment creativity.

0O2:Demonstrate that an interactive system can be designed to use
the function of motor express®nn emotion regulation to help
people perform better on idea generation and insight problem

solving tasks that require creativity
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RQ2: Can the cognitive appraisal processes that form part of positive and
negative emotions be used to develop an effeepmoach to interactive

systems that influence the emotioreativity link?

03: Demonstrate that an interactive system can be designed to use
the function of cognitive appraisal processes in positive and negative
emotion, to help people perform better diea generation tasks that

require creativity.

O4: Demonstrate that an interactive system can be designed to use
the function of cognitive appraisal processes in determining the
intensity of positive and negative emotion, to influence the degree to

which ceativity is augmented or diminished.

This helped inspireand focusedthe two investigated approacheto
interactive systems that aim tffectivelyinfluence the emotiorcreativity

link (sectiorg5.3|[6.3).

In sudy 1 (chapterEP and study 2(chapter we developed ouffirst
approachto interactive systems that influence the emotiorativity link.

This approach was developed make use ofthe function of motor
expressions in emotion regulatiohVe focused the capabilities of this
approach on the relationship between positive and negative emotions, and
creativity during idea generation and verbal insight problem solVinig.
approach was asimed to be effective, because it does not cause, but
rather regulates the emotions that happen during a creative tdgte that
there isalsoevidence from other studies that there can also be a bottom

up, rather than the described tegoown effect of modr expressions on the

emotion-creativity link geesection2.2). However,as was explained in detalil

in section 2.2 weéhave assumed otherwis@his way, it circumvents the
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necessy for an interactive system to cause emotionsai manner that is
meaningful to the creative task, because the emotions regulated are the

emotions that are caused spontaneously by the creative task.

In study 1 weset up a smakxperimentto demonstrate two different ways

in which motor expressions mrainfluence the emotioreativity link
(chapte. This, v supposed, would justifysingthe function of motor
expressions in emotion regulation, within an interactive systems context.
We demonstratedexperimentally that impsing motor expressions that
associate with positive emotion and approaching action tendencies, rather
than with negative emotions and avoiding action tendencies can augment
creativity during idea generation, via an influence on the ematieativity

link, and, that incompatibility rather than congruence between a motor

expression and an emotion can also augment creativity dudeg

generation(sectior|4.6). Note that this evidence was preliminary, and not

obtained in an inteactive systems context. Rather, the study justifies
further exploration of motor expressions in an interactive systems context.
Thus,the contribution ofstudy lis a demonstration ofwo ways in which

imposing motor expressions can help regulate emoton augment

creativity (sectiorn|4.7). This suggests that we achievegearch objective

o1

In study 2 wedevelopedour first approach to interactive systemahich
aims to make use othe function of motor expressi@nin emoton
regulation (chapter. We developed this approach based on the
assumption that positive and negative emotions are ahudering a
creative task and motor expression congruence and incongruence can
augment or diminish theisposition to have, and intsity of, these caused

emotions, which would subsequently influence the emeticeativty link
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(section5.3). To put thedevelopedapproach to the test welevelopeda

proof-of-concept interactive sgtem that enables the use of embodied
interactions (arm gestures) that are designed based on motor expressions,

to record ideas and problem solutions into a microph(sm:tiorﬂ. We

demonstrated experimentallthat these embodied interactionsdesigned
based on motor expressions that associate vptsitive emotion and
approachaction tendencies, rather timanegative emotions and avoidance
action tendencies,augment creativity whenused to interact with a

machine, via their influence on the emotiowmreativity linkduring idea

generation(section5.6). However, the latter relationship was not found for

verbal insight problem solvinghus,the contribution ofstudy 2is the
demonstration that an irteractive system can be designed to use the

function of motor expressions in emotion regulation to help people perform

better on idea generation tasks that require creatifggction5.7). This

suggests that we achieveal least partly research objective 02

Taken together, the contribution of study 1 and study 2 is a novel and
effective approach to interactive systems that can be used to hack into the
function of motor expressions in emotion regulation, to regulate the

emotions that happen during a creative task, in order to influence the

emotioncreativity link.We assume that this positively answeesearch

guestion RQ1

In study 3(chapter|§r and study 4(chapter we developed a second
approachto interactive systems that aim to influence the emotweativity
link. This approach wadeveloped tomake use othe cognitive appraisal
processes that help caugmsitive and negativemotion, and determine
emotional intensity. We focused the capabilities of this approach on the

relationship between (the intensity of) positive and negative emotions, and
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creativity during idea generatioriThis approach was assumed to be
effective, because it manipulates directly the qasses that help cause
emotions during a creative task. The way the interactive system causes
emotion, we assumedis therefore meaningful within the context of that

creative task.

In study 3we developedour second approach to interactive systems, which
aims to hack into cognitive appraisal processes that help cause positive and
negative emabn (chaptev@. We developedthis approach based on the

**UU%S]}Vv SZ S %% E ]* o }( A vSe ]Jv v ]Jv ]JA] L o[ V.
signal progress toward (goalonduciveness), rather than away (goal
obstructivenesg from the indivip o[ P} o He » %}*]3]A U E 3Z E :

negative emotions; and, that a major goal during idea generatidhe

generation of original rather than unoriginal ag€section6.3). To put the

developedapproach to the test welevelopedan interactive system that
provides believable and redlJu ( |  }us Z}A JE]P]v o  pe EJ[* ]
are, and can mapulate this feedback to make thgge E[e ] ¢ %% &E

more, or less, original than people typically think these ideagsardion

@. We demonstrated experimentally that manipulating computer
generated feedback, about the originality of apgv[e ] U §} §§ &
or worse than people typically expecan cause an intended positioe

negative emotion accordingly, and influences creativity during idea

generation via its influence on the emotiamreativity link(section6.6).

Thus, the contribution ofstudy 3is a demonstratiorthat an interactive
system can be designed to use the function of cognitive appraisal processes

in positive and negative emotion, to help people perform better on idea

generation tasks tlarequire creativity(sectior}6.7). This suggesthat we

haveachievedesearch objective O3
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In study 4 wereconfiguredour second approach to interactive systems,

with the aimto hack into the function of cognitive appraipabcesses in
determining emotional intensitﬁchapte. We developedthis approach

based on the assumptions that the expectations people have determine in

part the intensity of aremotion when it is causedhat the cognitie

appraisal pocesses that help cause emotionoe} }v ]S]}v %o }%0 [°
expectations for similar future events; and that witthie context of idea
generationthe generation of dginal ideas therefore playsrale in both
conditioning expectationsand causng posiive and negative emotions,

thereby determiningthe intensity of these positive and negative emotions

(section|7.3). To put this conjecture to the tes we reconfigured the

interactive system that wadevelopedas part ¢ study 3(sectiorE. We

demonstrated experimentally that the manipulation of computer generated
feedback, about the} E]P]v 0]SC }( %t0 @ee betfer gr wese
than people typically expeatan be used to conditiothe expectations

people have about their own ability to generate original ideas, and help

determine emotional intensitysection|7.6). A link between emotional

intensity and creativity, however, could not be shown in an uweqal
manner.Thus,the contribution ofstudy 4is simplythe demonstratiorthat
an interactive system can be designed to use the function of cognitive

appraisal processes in determining the intensity of positive and negative

emotionin the context of a @ative tasksection7.7). This suggests that we

have partly achieveresearch objective O4

Taken togetherthe contribution ofstudy 3 and study 4s a novel and
effective approach to interactive systems that can be useat imto the
cognitive appraisal processéisat cause positive and negative emotion

during a creative task, to influence the emotwreativity linkThe influence
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of this approach to interactive systems on the relationship between
emotional intensity anareativity, however, requires further investigation
We assume that this demonstration, at least partlgsitively answers

research question RQ2

8.3 Contributions

The contribution of the research preged in this thesis as a whole is the
developmentof two novel approaches to interactive systeriwmt are
designed to influence the relationship be®reemotion and creativitwith
the goal to help people to get more out of their own creative capabilities.
particular, our contribution focused on explicatithe mechanisms
underlying the twodeveloped approaches within dnteractive systems
context. We contributeto several research areas in creativity scieace
interactive systems researdie distinguish between contributions to three
related fieldswithin interactive systems researcimteractive systems that
aim to influence emotion to augment creativiigection 8.3.1)the more
geneal interactive systems that aitb augment creativity(section 8.3.2)
and interactive system that aim to influence emmn (section 8.3.3).
Furthermore, we believe that our research contributes to theory about the
emotioncreativity link (section 8.3.4Jhe contributions to these research

areas are discussed in the following sections.

8.3.1lInteractive systems that influence etion to

augment creativity

The two developed approaches to interactive systemare a novel

contribution to emerging research about interactive systems that aim to

influence emotion to augment creativigyection2.3.3.
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Hackng into the function of motor expressions in emotion regulation, to
regulate the emotions that arcaused during a creative taska novel
approach to interactive systems thaim influence emotion to augment
creativity. Thisis in part becauseit is the first to explicitly make use of
emotion regulation, te ability to modify and contradmotions thatare
caused and, in part, because s the first that uses embodied interactions
that are designed based on motor expressions as a way of influencing the
emotion-creativity link. That is, the few etkng approabes attempt to
cause rather than regulateemotion during a creative tagkench et al.,
2011) The way in which suctystems attempt to cause emotiois by
designinghat relate to emotion but noéxplicitly to a creative task, such as
by srowingemotional picturesl(ewis et al., 20)1playingemotioral music

(Morris et al., 2013)or by hijacking social interactiondNakazato et al.,

2014) (section|2.3.3.3. Consequenyl, enbodied interactions have not

explicitly been used within that particular contesection5.2). Thus,a

contribution to interactive systems that aim to influenemotion to
augment creativityis a novelapproach to such iteractive systemshat
makes use of the function of motor expressions irotwn regulationto

effectivdy influence the emotiorcreativity link.

Hacking intothe cognitive appraisal processes that cause emptaor
determine emotional intensityduring idea generation, is also a novel
approach to interactive systems that aim influergmaotion to augment
creativity This isin part,because this approach is the first to explicitly make
use of, and manipulate, theognitive appraisaprocesses that cause
emotion as part of a creative tasknd, in jart, because it is the first that

attempts to take over part of the evaluative aspects of the creative process

to find a way into the emoticoreativity link(section2.3.3.3. That &, the
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use of emotional pictures (Lewis et al., 2011), emotional music (Morris et
al., 2013), and the manipulation of social interactions (Nakazato et al.,
2014),as a way to cause emotiaal| attempt to cause emotion in a manner
that does not relateto the processes thaypicallycauseemotion during a
creative task As a consequence, the focus of our approach on the
evaluative aspects of the creative process is the first to make use of these to
cause the emotions that happen during a creative tikkeover, because

of the ability of the interactive system to determine emotional intensity,
approachis the first to enable exploration of the relationship between

emotional intensity and creativity during idea generation within an

interactive systems coext (cf. section2.3.3.3. Thus, another contribution

to interactive systems that aim to influenemotion to augment creativitg
a second novel approh to such interactive systems. One thatkes use of
the cognitive appraal processes thataase emotionand determine
emotional intensity during a creative tastt effectively influence the

emotion-creativity link.

8.3.2Interactive systems that augment creativity

Our studies also embodynovel contribution to the more generakearch

oninteractive systems thatim toaugment creativitygection2.3.9.

Our particular use of embodied interactionas ameans influence the
emotion-creativity link, $ also the first to generally use embodied
interactiors as a way to augment creativifihat is, interactive systems that

aim to augment creativity by unburdening the creative prodssstion

2.3.2.1, supporting the use of creativity techniqusection2.3.2.3, or via

collaboration with intelligent machinésection2.3.2.3, do not make use of

embodied interactiondo achieve their aims. Embodied interactions are

different from these typical approaches, because #agyicitly make use of
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the links betwen the human body and creatitieinking.As such our work
demonstrates a way in which research about embodiment and creativity
can be brought into an interactive systems context. This can extend beyond
the design of embadd interactions based on motor expressions, to other
links between embodiment and creativity (e.g. Leung et al., 2012; Slepian &
Ambady, 2012)Thus,this researchalsocontributesto interactive systems

that aim to augment creativityia a novel approacho such interactive
systems Onethat makes use of embodied interactions that are desiga

make use of the links between embodiment and creativity with the goal to

augment creative thinking.

The use of the cognitive appraisal processes that causei@mand
determine emotional intensity, during idea generation, is the first approach
to interactive systems that functions by taking over (part of) the evaluative

component of idea generationThat is, interactive systems that aim to

augment creativity bunburdening the creative process (sec}8.2.]), or

by supporting the use of creativity techniques (se¢8d2.4, do not aim

to take over any aspect of the creative process. Rather, ouoagipican be

seen as a novel form of collaboration with intelligent machines (section

2.3.2.3. Within that context, our approach is novel, because such

collaboration typically enables the system to take over part of the
generatve partof the idea generation processather than its evaluative
(appraisal)part. As such our work demonstrates a way in which research
about the role of evaluatioduring idea generationan be brought into an
interactive systems contexthis can ex¢nd beyond thdocus of our study

on originality, intahe use of otheevaluativeprocesses that form part af
creative procesqe.g. Lyer et al.,, 2009 Thus, anothercontribution to

interactive systems that aim to augment creativ#ya novel approacho
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suchsystems thatakes over (part of) the evaluative componéme idea

generation proceswith the goal to augment creativity.

8.3.3Interactive systems that influence emotion

Furthermore, we believe that our studies a&e novel contributionto

researchon interactive systems that aim to influence emoti®edtion

2.3.]).

Our use of the function of motor expressions in emotion regulasiine
first to demonstrate successfully thatmbodied interactionsthat are

designed base@n motor expressionsan be used to influence emotion

(section|5.3 also see Ishister et al., 2012 hat is, emotion induction

techniques from psychologys€ction|2.3.11), physiological technigs

(section[2.3.1.3, affective mirrors gection[2.3.1.3, and mimicking social

interactions $ection2.3.1.4 do not make exclusive use of the function of

motor expessons in emotion regulation; antthe few interactive systems
that do attempt to make use of thfsinction of motor expressions, have
only demonstratedan influence on emotionby means of physical
positioning systems (Kok & Broekens, 2008), and by meangabfioal

stimulation (Zariffa et al., 2014)put not via the use of embodied

interactions (cf. Isbister et al., 2012j. section5.2). Thus, one contribution

of our researcho interactive systems that aim to influence ermatis an
approach to such systems that makes use of embodied interactions that are

desgned based on motor expressiomgh the goal to influence emaotion.

Ouruse ofcognitive appraisal processes, is one of the first to demonstrate
that appraisal processecan explicitly be targetdaly an interactive system
to cause an intended emotion, andase ofthe first to demonstrate that

such systems can be useddetermine emotional intensitylts novelty is
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the explicit, rather than the implicit use of cogretisppraisal processes.

That is, the use of emotion induction techniques from psychokeption

2.3.1.9, physiological techniquesection2.3.1.3, affective mirrors (section

2.3.1.3, and mimicking social interactiorse¢tion2.3.1.4, often implicitly,

but not explicitly,involve cognitive appraisal pcesses. For instance,
funny affective mirror might lead to the appraisal that theage is
unexpectedly pleasant (cf. Shahid et 2013, causing joy accordingly (cf.

Scherer, 2009) It could, however, be argued thaiteractive systems that

explicitly target rewardare closely related to our approa¢kectiong6.2

7.2), e.g.explicitly rewarding game performance (by scoring points), can

cause emotion due to appraisal procesgesgvinen, 2007/Koster, 2012yan
Reekum et al., 2004Explicitly making use of appraisal processasform

part of positive and negative emotions, an in particular outside a gaming
context, such as creativity, is nov&hus, another contributiorby our
research to interactive systems that aim to influence emotion is an
approach to such systems thexplicitly makes use of cognitive appraisal
processeswith the goal to cause emotiomnd determine emotional

intensity.

8.3.4Theory about the emaotiocnreativity link

Finallywe argue that our studies offarnovel contributiorio theory about

the emotioncreatiity link 6ection|2.2), and the relationship between

positive emotion and creativity during idea generation in particular (section

2.2.1.).

Across our four studies we confirmeaat positive, radter than negative

emotion augments creativityséctions|4.6 (5.6 |6.6). This is a well

established relationship between emotion and creativity (which initially

motivatedits use in our own studiese{ctionﬂ), and therefore nothing
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new (section2.2.1.). As such, these findindarther support an already

large body of work about the relationship betwegositive emotion and
creativity during idea generatiorfsee Baas et al., 2008; Davis, 2009 for
metareviews).The novel contribution ofour studies to theory about this
emotioncreativity link, however, is a deepening of the understanding of the

link between posive emotions and creativity during idea generation.

Figure25 Emerging model of the relationship between positive emotion and creativity
during idea generation. Positive emotions influence the likelihood of generating original
ideas,by adapting the emotion components in such a way that flexible thinking is
promoted @reen arrow$. The resultingieneration of original ideas causes positive

emotion in a reciprocal manner.

Throughoutour four studiesaworking modelemerged that dscribesthe

relationship between positive emotions and creativity during idea

generation(Figure25). Thisemergingmodel was central to thevay we

developed our approaches fiateractive systemsséctiong5.3(6.3|7.3).

This modebuggestghat positive emotions are caused by the generation of

original ideas, and positive emotions change the way people think and act in
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a manner that increasefe likelihood that thewvill generate original ideas.

This contributes to theory about the emotigreativity link in two ways.

First,our working modeis in line withrecentwork by (Akhbari Chermahini
& Hommel, 2012pBrunyé et al., 20)3who arguethat the relationship
between positive emotion and creativity during idea generation, is
reciprocal. Note however, that no explicit evidence was found for

reciprocity, because the experimental designs used in our studies did not

permit that fnore a this insection 8.4.1.

Second, our findingsuggest, for the first time, that the appraisal of the

originality, rather than for instance fluency (eggction|5.6.1), of an

v 1A] owmjdeas, causegositive rather than negativemotion. This is

suggested byositive correlations between sedported positive emotion

and originality, rather than fluencgectiony

4.6

5.6.]?, and the findinghat

§Z U V]%po S]}v }( 8Z %% E ] o }( Z}A }E]P]v o

causes positive and negative emotion, and influences creativity during idea

generation accordinglysection|6.6). This result is different from cent

findings that indicate thafluency (Zenasni & Lubart, 2011) ftexibility

(Akhbari Chermahini & Hommel, 2012a; Brunyé et al., 20t@ntral to the

link between positive emotion arwieativity during idea generation.

Thus, the contribution of oufour studies to theory about the emotion
creativity link, is the finding that positive emotions are caused when people

appraise their own ideas as original, rather than unoriginal; and that

reciprocally, the causation of positive emotion increases teéhdod that

people generate ideas that are original, rather than unoriginal. This

contribution deepensthe understanding of the link between positive

emotion and creativity during idea generation.
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8.4 Limitations

Throughout themethod and studychapters we hae discussed limitations
of the methods used (chaptﬁ and section$4.5/(5.5/(6.5/(7.5 andthe

results we obdined with our studieésectiorg|4.7||5.7)(6.7||7.7). The results

alsosuggestedhat there potentially exist somiaterestinglimitationsthat
might haveimplications for theeffectivenes®f the developed approaches

In this section, weliscusghe main limitations that emerged

8.4.1Conception

The waywe synthesised a theoretical basis based on previous empirical

findings from psychology carsalbe thought of as a contribution made by

our studies(sectiong8.3.1). However, because the aim throughout our

studies was to test whether our approaches enable ghaof-of-concept

interactive systems tceffectively influene the emotioncreativity link

(section |3.2.7), and thus explicate the mechanisms underlying the

synthesised approachesie could not always provide strong evidence for

the assumptions underlyirtpe synthesised theor{section$5.7|(6.7}(7.7).

In particular, ourdeveloped theoretical basis all of the studiesdraws
heavily on assumptions aboutthe existence of several reciprocal
relationshigs, which we were not able to tesith the experimental designs
we chose to useAs a consequence, the studies proviogy limited
evidence for the assumptions underlyinghe mechanisms we have

attempted to explicate

First, reciprocity between motor exgssions ad the other emotion

components was assumed to enable emotion regulatsection|5.3).

Preliminary evidence was found that motor expressions did not influence

emotion directly, but that the effects ofotor expressios on emotion were
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conditional upon the generation of original ideagctiond5.6.1|5.6.3.

However, because we did not check whethbe fcreative task caused
emotion, we could not be sure about wéther the interactive system

enabled emotion regulation, or whether something else, which we did not

measure unddies itsinfluence on the emotiowereativity link gection5.7).

Second,the assumedreciprocity between the appised originality of

*}u }v [¢] U SZ u EP v }( %1}+]13]A u}sjivu
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both developedapproaches to interactive systengsectionss.3(6.3(|7.3).

One could argue that, because the experimental studies showed that the
interactive systems had an influence on the emocticgativity link, this

could be construed as preliminary agsmce for the mechanisms that form

part of the way these systems were conceived (sed Bcﬁ§"566 . However,

we did not set up the experimental studies to test whether this relationship

was reciprgal (section5.5 6.5, which would require another type of

experimental design and quantitative analysisKline,2012; 2013.

Thus,the decision to design our studies to tesperimentallythe ability of

our approaches to interactive systems to influence the ematreativity

link can only support the way these approaches are conceived in a limited
way. The contribution of the latter therefore remains largely theoretical,

with only preliminangempirical evidence to support it.

8.4.2Making

We have also gued that the way our two proadf-concept interactive

systems werg@nadeforms part of the contributions claimed (secti@8.1

8.3.418.3.3. However, beasse these interactive systems hageplicitly

beenmade to test our hypotheses, no real consideration was given to how
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these interactive systems miglmspire further development for usen

practice(section3.2.9. As a consequence, the contribution of the way the

interactive systemwere made is limitedby therestrictionsimposed by our

methodological choices

First, ou use of embodied interactiorssiccessfully enabled testimghether

these influence the emoticaoreativity link gectiong5.6). However,the

embodied interactions used were very specific in their design, and the

movements were large and physicalgmandingsection5.4.1). This might

lead to usability and ergonomic problems, which need taldedt with if

suchinteractionsare to be used in situations othéhan our experimental

studies(section5.7). Thereforepne could arguehat this particular way of

making this approach to imactive systems is not scalalieother, more

practical application domains.

Second, our usef feedback manipulation, based on believable and-real

time computer generated estimates of originalitisoasuccessily enabled

testing whether thisinfluences the emotioncreativity link(section|6.6).

However, the way our interactive system was able to estimate originality,

was only possible becauskata from the AUT waalready semantically

constrained to one subject (brick, paperclip, or knigektion6.4.1.3. This

allowed us to circumvent a commonly encountered bottleneck in natural
language processing technology, namely the inability of systemsto
accuratelyextract meaning from textthe way people camherefore, one
could argue that this particular way of making this approach to interactive

systems iglso notscalable to other, morpractical, application domains.

Thus, the decisiorotmake our interactiveystems in a way that facilitated

testing our hypotheses, limits the contribution of tlvay the systems were
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made,to the restrictionsimposed by oumethodological choices. This has

implicationsfor its contribution when consideredwithin the context of

other, more practical, application domaimSlthough practical application

was obwously not the aim fothe made interactive systemwe still feel it is

goodto mention this because it delimits more cleatlye contribution we

claim that the made interactive systencanmake.

8.4.3Experimental evaluation

VEE o &} §Z]-

studies(sectiors

§Z o]e[°

8.3.1

8.3.7

8.3.3

8.3.4

}vSE] psS]}ve & SZ & epOSe

. Theseprovide evidence for the

mechanisms underlying the developed approaches as well as their potential

effectivenessHowever,the experimental designs used and the manner in

which they were executedso introduced several limitationghich we will

discuss here.

A first limitation vas a trade-off betweenthe requiredsample sizeéhat is

necessary to have sufficiently powered studig® use of the between

subject design, and failing to obtain infotioa about individual differences

among the participantsThat is, n study 1 gection4.5.1), study 2 §ection

5.5.7), and study 4 (sectid

7.5.1

relatively low samplsizes wee used,

with a betweenrsubject designHowever, we did not assess any individual

differences. As a consequence there is uncertainty about whether the found

effects of the experimental manipulations on the emotooeativity link can

be (fully) attributed to the designed poses in study(skection 4.4.?, the

embodied interactions in study Zsection 5.4.} and the feedback

manipulations in study 4section

observations can be made
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1. Individualsdiffer in their sensitivity to emotierelevant cues from their
own body (Andreasson & Dimberg, 20Q8tchleyet al., 2004; Ludwiek
Rosenthal & Neufeld, 1985; Mcintosh, 1998jatis, people may differ in
§7 PE 38} AZ] Z 8Z C Zo]*8 v[ 8} 8Z]E } C Vv ep » <
degree to which imposed motor expressions influence their emotions
(Critchley et al., 2004). Therefore, a potential uneven distribution with

regard to these idividual differences may have led to type | errors in

study 1(sectiond.7) and study Zsection5.7).

2. Individuals also differ in the degree to which they respond emotionally
and motivationally d different creative tasksAkhbari Chermahini &
Hommel, 2012b;Sor@a et al., 2015). That is, some people may
experience idea generation tasks as more pleasant, whereas others may
experience these as unpleasaf8oroa et al., 2015)Similarly,some
people mg feel intrinsically motivated to generate novel ideas, whereas
}18Z E+ IV[EX , E U %}3 v3] o pv A v ]+3E] us]}v Alsz

individual differences may havwed to type | errors in study (section

4.7), study 2(section|5.7), and possibly study 3ection6.7), and type I

errors in study 4section?.7).

3. Individual differences alsoexist in the degree to whichpeople are
sensitie to reward or punishmenfCorr, 2008) such aghe potential
rewarding or punishing effect ofthe feedback manipulations

administered in study 3 and study 4. Given the relatively low sample size

in study 4(section7.7), and the omission of recording these individual

differences there may have beean uneven distribution of such
individual differencesacross the conditions, whicimay have ben a

causeof type Il errorgn study 4 (sectigi@.7), andpossibly type | errors

in study 3(section6.7).
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Thus,the combination ofelatively low sample sizes, the use of a between
subject design, and not assessing individual differences introduces
uncertainty about whether the studesults were due to the experimental
manipulations or due to a lack of a uniform distribution of individual
differences across the experimental conditiofkis in turn threatens the

validity of the resultsn studies 1, 2, andia particular

A secondiitation introduced by the experimental designs used is the lack

of a control group in studies ($ection4.5), 2 (section5.5), and 4(section

7.9). This has consequees for the conclusions that can be drawn about

the causality of the mechanisms underlying our approaches ¢oattive

systems.

First,in study 1(section4.5) and study 2(section5.5) we did notuse a

neutral pose or embodied interactions. Not using a neutral pose or
embodied interaction limits any conclusions that can be drawn about the
causal influence of the experimental manipulations on the link between

positive and negative emotion and cre#dy during idea generation

(section$4.7||5.7). That is, we cannot argue that positive approach gestures

or poses enhance positive emotions (congruence) or suppress negative
emotions (incongruengde nor that negative avoiding gestures or poses
enhance negative emotions (congruence) or suppress positive emotions
(incongruence), and thereby influence the link between emotion and
creativity accordingly. As such, we cannot conclude that our use tf/@osi
approach gestures, or negative avoiding gestures both have had an
influence on emotion, and thus not whether congruence or incongruence
was responsible for the effects observed. This would have required

comparison with the effects of using a neutnahayesture or pose.
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Second, in study 4section|7.5 we did not use a neutral feedback

manipulation (like we did in study, 8ee section.4and|6.5). Using a

neutral edback manipulation mightave provided us with a more fine
grained perspective on the effects of the feedback mdatmns on

emotional intensity, which could have provided different results and

thereby prevened a possible type Il errdsection7.7). In particular, a more

fine-grained perspective on the effects of varying the feedback
manipulations over time could have provided insight into the possible
curvilinear relationship between the intensity of positive emotion and
creativity during idea generation (Akhbari Chermahini & Hommel, 2012b).
the latter is the case, then not including a control group is a likely cause of
our inability to find a clear relationship betwe@ositive emotion and
creativity However, not inading the neutral condition in such a manner
did not allow us this more fingrained perspective, which limits the

conclusions we can draw from the collected data.

Third, the studies all lackcmparisonof the experimental manipulations

with a control goup that would be designed as aabsence of a

manipulation(section$.5||5.5(6.5/(7.5). That is, a comparison of the poses

and embodied iteractions with not posing and not using embodied
interactionsin the first two studiesand a comparison of the feedback
manipulations with not getting feedbaak the latter two studiesOmitting
this type ofcomparisonmeans that we cannot justify usitige developed

approachescompared to say, not using these approaches afsalttions

4.715.716.7]|7.7). As suchwe cannot conclude froraur studies that it is

better to use embodied interactions (or one type of embodied interaction)
than not, or that it is better to receive feedback (or a particular feedback

manipulation) or none at all. Although we want to emphasise that we did
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not set ait to test this, we believe that it is good to emphasise this

particular limitation of the studies presented

Thus, omitting different types of control groups limits any conclusions that

in this thesis.

can be drawn about the causal processes that formgfatie mechanisms

of the developed approaches to interactions systems. Moreover, the studies

cannot be taken as justification for using the developed approaches.

8.4.4Materials and measurementstruments

We have also argued that the nature of ttedationshipbetween positive

and negative emotions, and different steps in the creative prooessicts

the materials and measurement instrumeni® our experimental

evaluationg(section3.3). To accommodate these particular restrioowe

] &)} pue 8Z %+C Z}u §E] hd & P 3Z E

to generate original ideas, used the objective scoring method to assess

creativity, and asked people to sedport their feelings as a proxy to

measure emotion (seesections|3.3.1 |3.3.2

3.3.3 for argumentation).

However,each of these methods suffefrom several potential threats to

(construc) validity. Some othese threatscould be addessed (sections

4.5.215.5.216.5.4(7.5.9, whereas others needed to be acceptethe

particular threats to validity that need to be acceted, thus, introduce

uncertainty about he value of theresults

contributions claimed.

To gather data based on which creativity can be assgasechose to make

of ourexperimentsin the

use of the Alternative Useadk (AUT{sectior

3.3.]). That is, people were

asked to list as many diverse and original uses for a common object as they

could, within a short time spanThreats to construct validity were

addressed, by framing the instructions for the AUT so thagé¢neration of
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original ideas wagsmphasized (sectiond.5.2.). Sensitivity to learning

effects became an issue in studys8dtion6.7), as discussed aboygection

8.4.3, as aconsequence of the withisubject design (sectiphl5). A threat

to validity that we neeeld to accept, waghat the motivational aspects of

individual creativity, which in part enable creativégation2.2.9, couldnot

quite be emulated by the AUTs¢ction3.3.]). That is, the AUT concerns

trivial subjects (e.g. brick, paperclip, knifehjchmight not motivate people
the same way a reaborld creative process doeand therefore may yield
results that are different from the ones it purports to measubds.a
consequence of our decision to use the Aifemains to me extent
(Runco & Acar, 2012)nclear towhat degree the gathered data really
reflects data that cdd have been generated during a reairld creative
procesqcf. Amabile, 198 Zheng et al., 2011).

To assess creativity based on the data gathered with the AUT we made use

of the objective scoring methodsection|3.3.3. That is, we assessed

creativity by quantifying fluency (amount of ideas), flexibility (amount of
concepts used), and originality (statistical infrequency of idéasgats to
construct validity were addressed, by using the percentage score (Plucker et
al., 2A.1) to correct the confounding influence of fluency on originality

(Silvia et al., 2011), from study 2 onwards (sec16051§_.2 6.5.2.2|7.5.2.9.

Two threats to the alidity of this measuremennhstrument needed to be
accepted. That isthe assessment of originality @nbiguoussince both
original and bizarre ides are statistically infrequent, which introduces
measurement error; and, statistical infrequerayrrelates negatively with

sample size, which introduces inconsistent measures of creativity across the

studies (sectigf3.3.3. From study 3 onwardsur decision to automate the

percentage scoreintroduced an additional source of nse@ement error
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(section|6.5.2.3|7.5.2.3. That is, dspite a similar consistency of the

automated score, with human scorésection6.4.1.4, we feel itis unlikely

that our interactive system scored originality itraly humanlike way. As a
consequence of our ways of using tiigective scoring methodincertainty

exists aboutthe degree to which the originality measures usedeally

measure what they purport tmeasue (cf. Silvia et al., 2008; 2012Zheng

et al., 201).

To assess positive and negative emotion we asked people e @eit

their feelinggsection3.3.3. That iswe asked them téranslate the aspects

of the emotion compoents thatthey were able to experience consciously
onto a quantifiable mediumThreats to construct validity were addressed,
by using Likert scales with emotion words on opposite emitls,whichwe

could bestmimic the aspects of an emotion people cambjectively

experience (sectiond.5.2.3(5.5.2.3|6.5.2.3(7.5.2.3; by limiting the time

between an emotion and the moment of sedport, i.e. the seHreport

measures were administered right after a creative task (sec@

5.5.3(6.5.3|7.5.3; and byexplicitly refering to the creative taskand

particular emotional feelings that are of interest to the stualyd would be

likely to happen during the used creative tgskctiong4.5.2.3|5.5.2.3

6.5.2.3|7.5.2.3. In addition, we switched from measuring positive and

negative emotion on one scalsettiong4.5.2.3|5.5.2.3, to measuring

positive aml negative emotion separately from study 3 onwards (section

6.5.2.3(7.5.2.3. This enablé us to study the effects of the interactive

systems on the link between positive and negative emotion cegativity,
separately. However, as a consequence of these decisions, these self

designed measures have no reference against which we can check their

227



reliability (cf. Gray & Watson, 200@nd introduce inconsistenay the way

emotion was measured acroe four studiegcf. Shadish et al., 2002)

In addition, our decision to assess only positive and negative emotion and
its influence on creativity during idea generation may have yielded results

that were confounded by other aspects of the emotoveativty link that

we did not measurégsection3.3.3. In all our studies we assumed that the

manipulations used would influence creativity via their influence on either

positive of negative emotiolfsectiong4.5.2.3|5.5.2.3(6.5.2.3(7.5.2.3.

However, from our literature we also know that other aspects of emotion
(e.g. uncertainty, mixed emotions, arousal, and apgroand avoidance
action tendencies) (section 2.2). Because we did not measure these we
cannot rule out that the effects of the experimental manipulations were

confounded, and can therefore (partially) be explained for instdnce

arousal differenceser by differences in action tendencig¢section$4.7{|5.7

6.7| 7.7).

Thus,on the one handpur decision to use the AUT with the objective
scorirg method to assess creativity, argklfreport to assess emotion,
enabled us to test the relationship between positive and negative emotions
and creativity duringdea generation; on the other hanthe variation
introduced in the measures of emotion angetlack of checks of other
potentially confounding factors that can also explain an influence of
emotion on creativityalso introduced uncertainty about the ability of these
measures to accurately assess emotion and creatigitg in particular
whether they helped to accurately uncover the mechanisms underlying the
way in which our interactive systems influenced the emeti@ativity link
This, in turn, introduces uncertainty ababe value of theresults of our

experimental evaluations in the contrilbanis claimed.
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8.4 .5Effectiveness

Finally, v have suggestedhat an interactive system caeffectivdy
influence the emotiorcreativity linkwhenthe way it attempts tanfluence

emotion, is meanngful within the context of a creative taskeg¢tion

2.3.3.3. We can argue that our interactive systems dealt successfully with

that challenge, because the obtained results confirmed that they were able

to influence creativity via their effects on positive and negative emotion

(section$5.7|(6.7]|7.7). However, some dhoseresults also suggested that

there may Dbeinteresting limitations to the effectivenessof our two
approachedo interactive systemghat may limit the way our approaches

can be applied

From our resultstwo potentiallimitations to the effectiveness of our use of

the function of motor expressions in emotion regulation emerged.

First, our results suggested that motor expressionghtrbe particularly

effective when used to regulapmsitive, but not negative emotionsection

5.7). This can be explained by differences in the degree to which positive

and negative emotions are embodiéd. DanGlauser & Gras 2011) That

is, motor expressions might not play a strong regulatory role in negative
emotions, but may in positivemotions Alternatively, this can be explained

by differences in the frequency with which positive and negative emotions
are caused durpp a creative tasKcf. Akbari Chermahini & Hommel,
20129. That is, idea generation might cause positive emotions more
frequently than negative emotions. In any case, this limits the effectiveness
with which the function of motor expressions can be usednfluence
different emotions, and subsequenitg ability to influencahe emotion

creativity link.
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Secondpur results suggested thasing the function of motor exprei®ns

in emotion regulation mighonly be effective for a limited amount of time

(section|5.7). This can possiblpe explained by habituatiorS{epper &

Strack, 1998 That is, the repetitive use of the embodied interactions
within a short time spanmay lead people to dissociate the interactions
from their function in emotion regulation, which reduces the ability of the
embodied interactions to regulate the emotions that are caused during the
creative taskHoweverpbecause two different creatiiasks were used, and

we did not counterbalance the study, difaces in the task could also
explain these effects. However, if habituation occungs will limit the
effectiveness with which the function of motor expressions can be used to

influence the emotiorcreativity linkover time.

Qur resultsalsosuggested everalpotential limitations tothe effectiveness

of our use ofcognitive appraisal processes.

Generally, our results suggested thia manipulatiorof cognitive appraisal

processes to cause ena is limited by the appraisals people already have

on ther own (section|6.7). This can probably be explained byr

assumptionthat the way in which appraisals are manipulatgubuld not
deviate too much fronthe appraisals people have themselves, which would
otherwise render the mapulations ineffective That is, if the system
% EIA] ¢ ( | v 8Z }E]P]v 0]8C }( v ]Jv ]JA] p ofe
positive or too negative, it is not believable, and yields an unwanted
response. The implication of this, is that if a user only gée®unoriginal
ideas, the interactive system carinaise the feedback positivetg help
cause a more positive emotiavithout jeopardizing the believability of the

way the appraisals are manipulateds such, this limits the effectiveness
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with which cogitive appraisal processes can be used to influence the

emotion-creativity link.

Furthermore, our results suggestetvo potential limitations to the
effectiveness of our use of cognitive appraisal processedetermine
emotional intensity, and possibly ehrelationship between emotional

intensity and creativity in general.

First, our results suggested that the manipulatioh angnitive appraisal
processesto determine emotional intensitys ineffective when used to

influence the link betweethe intensityof negative emotion and creativity

during idea generatiofsection|7.7). This can possibly be explained by the

observation that cognitive appraisatsost likelydid not influence the
intensty of negative emotions, via thesffects on the expectations people
have about their ability to generate original idgdswever, we believe that
something else, which we did not measuggplained the influence of the
interactive system on creativityWe speculated that particular
configuations of the interactive system might have led people to attribute
the cause of their more negative feedback externally, e.g. by blaming the
interactive system. If this iscommon behavioural response, thdng limits

the effectiveness with which cogni¢é appraisal processes can be used to
influence the link between entional intensity and creativity in an

interactive systems context.

Secwod, our results suggested thtite use ofcognitive appraisal processes
to determine theintensity of positive emadns is likely to require more

precisionif it is to effectively influence the link between the intensity of

positive emotions and creativiuring idea generatio(section7.7). Thigs

because recent findingasdicate that tle relationship between the intensity
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of positive emotions and creativity during idea generation is best described
by an inverted kshape (Akhbari Chermahini & Hommel, 2012b). Thdtas, t
used configuration enabled thgystem to cause differences in emoiad
intensity, however, if intensity t®o low ortoo high, creativity diminishes.
Instead, moderate intensities of positive emotion are conducive to
creativity. It therefore remains to be seen whether the manipulation of
cognitive appraisal processes dam used to target the right amount of

intensity of positive emotion, such that creativity is augmented.

Thus, the results of our studies have pointed towasdme potentially
interesting limitations to the effectiveness with which our two approaches
to interactive systems can influence the emotmeativity link. The
limitations suggest several new direct®fior future work. This, we will

discuss in théuture work section of this discussion chapter

8.5 Future work

With the development ofand studies aboutour two appoaches to
interactive systemave have taken the first steps toward twaovel lines of
interactive systems that can help people to get more outhefrtown
creative capabilitiesHoweverthe limitationsthat emerged throughout our

studies sggest thatfurther research is requiregtf. sectior@. One good

place to start is to address tldiscussedhe potential limitations tothe

effectivenes®f our approachegsection8.4.9. Futue work will therefore

be discussed that aims to investigated help overcoméhese potential

limitations.

232



8.5.1The effectiveness of hacking into the function of

motor expressions in emotion regulation

Based on the results of our studies vhave identified twopotential
limitations to the effectiveness of our use of the function of motor
expressions in emotion regulatipto influence the emotiomreativity link
To further investigate these we propose the following two opportunities for

future research.

8.5.1.1Using he function of motor expressmin the regulation of eotions

other than positive ones

Qur study resultsuggested thatising the function of motor expressions in

emotion regulationyas effective for positive, but possibly not for negative

emotions (secton|5.6). This would limit its abilifyto influencingthe link

between positive emotion and creativignly, rather thanto a broader

spectrum of possible relationships between emotion and creativity (cf.

section2.2). However, we were not sure whether motor expressions impact

the degree of emotion regulation differently for positive and negative
emotions, or, whether the creative tasks that we used only causedveosit

but not negative emotion, ake latter wouldsimplymean that there were

no negative emotions to regulateection5.7). To investigate this potential

limitation to the effectiveness of our approach, meposeto reproduce

study 2 (chapte@, with the interactive system developeﬂactiorﬁ, but

replace the creative tasks uséskection5.5.2.3), with a task that causes

positiveemotion (e.g. an AUT with an easy d&ma subject), and a task that
causesnegative emotion (e.g. an AUT with a difficult and frustrating
subject).In addition, a control group shoultk used so efforts must be

made to find out whether it is possible to design embodied interactions that
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are reutral emotionally speaking (secti@. Such a neutral embodied

interaction can possibly be uncovered by a-siregly where we observe
spontaneously occurring expressions during a creative task (cf. Won et al.,
2014). In sucla study, the expressions that do not associate with people
that display particularly high or low taskrfpemanceand do not associate
with particular positive 0 negative emotional respondingpuld perhaps
provide clues on how to design a mameutral enbodied interactionthat

can be used as a reliable control condition. Furthermore, assessing
individual differences and assessing other aspects of emotions than their
positivity or negativity can help reduce the potential presence of
confounding factorsThis way, we can find out whether using the function

of motor expressions in emotion regulation, with an interactive system, is
limited to the regulation of positive emotions, or whether these apparent
limitations are imposed by the emotions caused by tleatore tasks that

people engage in.

8.5.1.2Makingeffective usef the function of motor expressionsemotion

regulationover time

QOur study resultsalso suggested that habituation might occwith the

repeated use of embodied interactions that are destybagd on motor

expressiongsection5.6). If so, this wouldneanthat there are limitations to

the ability of our approach to influence the emotioreativity link over

extended periods of timgsection|8.4.9. However,we were not sure

whether the differences in effectiveness observed over time, were due to
habituation, or due to differences in the creative tasks used, which could

explain these differences just as well because we did not counterbalance

the tasks usedsectior]5.7). To investigate this potential limitation to the

effectiveness of our approach, vagain propose to reproduce study 2
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(chapter, but with the interactive systentsecton ﬂ and positive

embodied interactiongsection 5.4?, rather than the negative embodied

interactions,and a control group that doa®t use the interactive system;
and with three squential AUTs with differentsubjects, usedn random

order, rather than the useAUT and insight problem solving tgskction

5.5.2.). In addition, it could be worthwhile to include individual differences

measures to assess whetherygpossible effects hold for all individuals, or
AZ 3Z E 8Z C % V }V % }%o0 [+ ]0]8C 8} Zo]*8 v[ &} §Z

due to individual differences in how people response to idea generation

tasks in terms of emotion and motivation (seci®id). This way, we can

investigate whether the effectiveness of timepact of theeC ¢S uf[e pe }(
embodied interactions designed based on motor expressions, on emotion
regulation, declines over time, and therefordetermine whether

habituationlimitsthe effectiveness of our approacker time

8.5.2The effectiveness of hacking into cognitive

appraisal processes

Based on the results of our studies we halsoidentified threepotential
limitationsto the effectiveness of our use of cognitajgpraisal processes to
cause positive and negative emotions, andparticular to determine
emotionalintensity, and subsequently the relationship between emotional
intensity and creativity during idea generatidra further investigate and
possibly to hgl overcome these limitations, we propose the following three

opportunities for future research.
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8.5.2.1Maximising the impact of the way an interactive system can

manipulate cognitive appraisal processes

In ourstudies weobserved that manipulating feedback abthe originality

of an individual] e ] pesitivelycould not impact positive emotions when
the individual does not generate ideas that are already a little bit original by
themselves without jeopardising the believability of the way the feedback

was marpulated(section6.7). Thislimitsthe ability of our approacto help

people that havethe tendency to generate unoriginal ideas, to generate
more original ideas by influencing the link between positive emotion and
creativityduring idea generationfo overcome this issyee suspecthat

the gradual increase and decrease of the degree with which appraisals are
manipulated, might be a good starting poiAtgradual changefrom a pre
determined baselinegan possiblyhelp to raise or lowerthe expectations

people have about theiown ability to generate originateas, which

subsequently changes their own appraigelssectiof/.2), and theeby the

absolute maximumand minimum of the positivity onegativity of the
feedback used to manipulate these appraisktgs can possibly enable us to
raise the feedback manipulations, despite an initial inability of the user to
generate original ideas, without jeopardizing the believability of the way the
inteE 3$]A *Ce3 U U V]%pO § e 3Z pne E[+ }IPV]S]A
Here in particular, individual differences in the sensitivity to rewards may be
interesting to take into account as well because the way in which the
feedback manipulations should be egrito maximise their impact is likely

to differ from person to person (Corr, 2008; Soroa et al., 2015). In addition,
assessing more aspects of emotion than its positivity or negativity can help
reduce any confounding factors, and can help further explaie t
mechanisms underlying the influence of feedback manipulation on the

emotion creativitylink (section6.7). We believe that such a studyutd help
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maximise the impact of the watye interactive system can manipulate
cogntive appraisal processes, and in turn be a first step toward overcoming

the described issues.

8.5.2.2Usingcognitive appraisal processes to determine the intensity of

emotions other than positive ones

Qur studiesfurther indicatedthat it is possible with this appaioh to cause

negative emotions(section|6.6), but not to effectively determine the

intensity of thesenegativeemotions(section7.6), and we believe that this

merits further researchThat is, ingtad of expectations, @nething else,
which we did not measurepuld havedetermined the intensity of negative
emotion, andinstead of the intensity of negative emoti@gmething else,
which we also did not measurepuld have been responsible for the
sys$ u[influence on creativityThis would limit theapplicabilityof our
approach toinfluencingthe link between the intensity of positive emotion

and creativityonly, rather than a broader spectrum of possible relationships

between emotional intensitieand creativity(cf. section2.2). To further

investigate this potential limitation,evsuggest that an exploratory study is
needed to find out more about what specifappraisal processes may
determine the influence of the intective system on the intensity of
negative emotion, and whethéneseappraisal procegscan be tied to the
creative taskor not Only then, we suspect, will the use of cognitive
appraisal processes enable the effective causation of a wider spectrum of
emotions and emotional intensitieswhich can be used to enable

interactive systems teffectively influence the emotieareativity link.
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8.5.2.3Making effective use of the curvilinear relationship between the

intensity of positive emotion and creativity durishggi generation

Finally, our results indicateldat the configuration of our interactive system

used in study 4 (secti @ enabled the system toause differences in the

intensity of positive emotionsand subsequentlyinfluenced the emotion

creativity link, butdid not lead to absolute differences in creativity (section

E. This, we argued,ould possibly be explained by recent findings that

indicate that the relationship between the intensiy positive emotions

and creativity, is best described by an inverteshdpe(section7.7). If this

is the case, then the interactive system developed in study 3, was
configured wrongly in study 4nd misses the precision nessary to
determine the intensity of positive emotion to effectively augment

creativity.

As a followup study we first propose that the study is replicated by
including more experimental conditions (such as variations of the feedback
manipulations used #t include neutral manipulation as well). This should
provide a more fingrained perspective that could provide a sufficient
amount of detail to observe the hypothesised curvilinear relationship
between emotion and creativityn addition, this study shdéaiinclude tests

of individual differences to assess how people respond differently to
creative idea generation tasks (Soroa et al., 2015) as well as the rewards
presented by the interactive system (Corr, 2008 results of this pre
study can confirm wtrether there is indeed a curvilinear relationship
between the intensity of positive emotion and creativity during idea
generation. Moreover, the individual differences assessed can be used to

inform the degree to which people are sensitive to the feedback
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manipulations, and what feedback differences might be most effective for

these individualgésection?.7).

As such the results of the suggested-ginedy inform a redesign of the
proof-of-concept interactive system usedh study 3 and study 4 We
suggest that this is done adaptivdlyf. Fairclough, 2009y reaitime
monitoring of the intensity of any positive emotions that are happening (e.g.
by monitoring eyélink rate (Akbari Chermahini & Hommel, 2010;
20121), which feedsback into the interactive system to inform the degree
to which the feedback}v SzZ }E]P]v 0]SC }(shpuddbee |
manipulated This way, expectations can be conditioned adaptively, which
can help the feedback manipulations of the interactive systenonverge
upona more precisly determinedcemotional intensityWe suspect that this

will enable the effective use dhe curvilinear relationship between the
intensity of positive emotion and creativity during idea generation, which
can further our wdk into interactive systems that help people to get more

out of their own creative capabilities.

8.6 Conclion

The contribution of the research presented in this thesetwo novel
approachesto interactive systemslesigned to influence the relationship
between emotion and creativitwith the goal to help people to get more
out of their own creative capabilitieB particular, our studies contribute
the mechanisms underlying the developed approach®s. such, he
presented research embodies the first stepwdrds the development of
interactive systems that make use of the function of motor expressions in
emotion regulation, to help regulate the emotions that augment or diminish

creativity. It also embodies the first steps towards the development of
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interactve systems that make use tbe cognitive appraisal processemmt
cause positive and negative emotions during a creative task, and explores
how cognitive appraisal processes can be manipulated to makef tise

relationship betweemmotional intensity ath creativity.

Several contributions to the creativity sciencansd interactive systems
researchemerged. That is, the research provides novel contributions to
emerging research on interactive systems that aim to influence emotion to
augment creativity, themore general interactive systems that augment
creativity, interactive systems that influence emotion, and to theory about
the relationship between positive emotion and creativity during idea

generation.

Despite our efforts to ensure the effectiveness gi@ *Ce+S ufe ]o]s8] -

influence the emotin-creativity link, a variety opotentially interesting
limitations emergedThese limitations relate to the type of emotions our
hack of the function of motor expressions in emotion regulation can
influence, asvell as its ability to effectively keep regulating emotion over
time. They also relate to the ability of our hack into cognitive appraisal
processes to cause emotion when people are not performing well
creatively, and in particulao its ability to targe the relationships that
might exist between the intensity of different emotions and creativity. We
believe that identifying and overcoming these limitations will be essential
for the continued development of our two novel approaches to interactive
systems To support this we have presented several lines for future work

with this in mind.

As such, it has been, and veilintinue tobe, our ambition to further the

development of interactive systems that can influence the emetion
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creativity link, to help pede to get more out of their own creative

capabilities.

The research detailed in thisesis was the first step towards that aim.

241



References

Akbari Chermahini, S. & Hommel, B., 2010. The (b)link between creativity
and dopamine: spontaneous eye blink ratesdict and dissociate divergent

and convergent thinkingcognition 115, pp. 458165.

Akbari Chermahini, S. & Hommel, B., 2012a. Creative mood swings:
divergent and convergent thinking affect mood in opposite ways.

Psychological Researai6, pp. 634640.

Akhbari Chermahini, S. & Hommel, B., 2012b. More creative through
positive mood? Not everyon€&fontiers in Human Neuroscienggarticle
319.

Amabile, T.M., 1983. The social psychology of creativity: a componential
conceptualizationJournal of Persotity and Social Psychologhb (2), pp.
357-376.

Andreasson, P. & Dimberg, U., 2008. Emotional empathy and facial
feedbackJournal of Nonverbal Behavip@® (4), pp. 21:224.

Baas, M., de Dreu, C. & Nijstad, B.A., 2Bfrhtions that associate with
uncetainty lead to structured ideatiofemotion 12 (5), pp. 1004014.

Baas, M., De Dreu, C.K.W., & Nijstad, B.A., 200@taanalysis of 25 years
of mood-creativity research: hedonic tone, activation, or regulatory focus?

Psychological Bulletih34 (6), p. 779806.

Baas, M., De Dreu, C.K.W., & Nijstad, B.A., ¥idn prevention promotes
creativity: the role of mood, regulatory focus, and regulatory closure.

Journal of personality and social psychql&@9 (5), pp. 794809.

242



Baddeley, A., 2003. Workinggmory: looking back and looking forward.
Nature Reviews Neurosciendepp. 829839.

Baer, J., 1996. The effects of taglecific divergenthinking trainingThe
Journal of Creative Behavip860 (3), pp. 18387.

Banerjee, S. & Pedersen, T., 2002. Axpeatl Lesk algorithm for word
sense disambiguation using WordNetChmputational Linguistics and
Intelligent Text Processing, Lecture Notes in Computer Science Volume 2276

Mexico City, 2002. Springer.

Benedek, M., Muhlmann, C., Jauk, E., & Neubauer,2R13. Assessment
of divergent thinking by means of the subjective-$opring method:
effects of the number of tojleas and timen-task on reliability and

validity.Psychology of Aesthetics, Creativity, and the Ai4), pp. 34B49.

BianchiBerthauze, N., 2013. Understanding the role of body movement in

player engagementiumanrComputer Interactior28 (1), pp. 405.

BianchiBerthouze, N., Kim, W.W., & Patel, D., 2007 (Does body movement
engage you more in digital game play? And why?doeeding of the 29
International Conference on Affective Computing and Intelligent Interaction.
Lisbon, 2007. Spring&ferlag.

Bonnardel, N. & Zenasni, F., 2010. The impact of technology on creativity in
design: an enhancemen€eativity and Innovation Managenel9 (2),

pp. 180191.

Brans, K. & Verduyn, P., 2014. Intensity and Duration of Negative Emotions:
Comparing the Role of Appraisals and Regulation StratBgieS.ONB (3),
€92410.

243



Broekens, J., Heerink, M., & Rosendal, H., 2009. Assistive sodglirobo

elderly care: a revieverontechnology8 (2), pp. 94.03.

Brunyé, T.T., et al., 2013. Happiness by association: breadth of free

associations influences affective sta@egnition 127, pp. 93988.

Bujacz, A., Dunne, S., Fink, D., Gatej, A.Rsdfails, Ruberti, V., &
Wronska, M.K., 2015. Why so we enjoy creative tasks? Results from a
multigroup randomized controlled studphinking Skills and Creativigye

print.

Cacioppo, J.T., Priester, J.R., & Berntson, G. G., 1993. Rudimentary
determinantsof attitudes: Il. arm flexion and extension have differential
effects on attitudesJournal of Personality and Social Psychpkfgypp. 5
17.

Calvo, R.A. & Peters, D., 20Rdsitive computing: technology for wellbeing
and human potentialCambridge, MAMIT Press.

Cambria, E. & White, B., 2014. Jumping NLP curves: a review of natural
language processing resear€lmmputational Intelligence Magazine, |IEEE

(2), pp. 457.

Campos, J., Frankel, C., & Camras, L., 2004. On the nature of emotion

regulation.Child Development5, pp. 377894.

Carney, D.R., Cuddy, A.&Qap, A.J., 2010. Power posing: brief nonverbal
displays affect neuroendocrine levels and risk tolerasgchological

Sciencg21 (10), 1363.368.

244



Carney, D.R., Cuddy, A.&Qap, A.J2015. Review and summary of
research on the embodied effects of expansive (vs. contractive) nonverbal

displaysPsychological Scien@b (5), 65%663.

Carver, C.S. & Scheier, M.F., 1990. Origins and functions of positive and

negative affect: a contrgirocess viewPsychological Revie@7, pp. 1985.

Carver, C.S. & Scheier, M.F., 1@8the selfegulation of behavioNew
York, NY: Cambridge University Press.

Carver, C.S. & White, T.L., 1994. Behavioral inhibition, behavioral activation,
and affectiveresponses to impending reward and punishment: The BIS/BAS

scalesJournal of Personality and Social Psychp@®gypp. 318B33.

Cavazza, M., et al., 2014. Towards emotional regulation through
neurofeedback. IRProceedings of the 5th Augmented Human hatonal
ConferenceKobe, 2014. ACM.

Centerbar, D.B. & Clore, G.L., 2006. Do appraacidance actions create

attitudes?Psychological Sciend& (1), pp. 229.

Centerbar, D.B., Clore, G.L., Schnall, S., & Garvin, E., 2008. Affective
incoherence: wheaffective concepts and embodied reactions clash.

Journal of Personality and Social Psychp@gypp. 56€578.

Chamberlain, S.R., Muller, U., Blackwell, A.D., Clark, L., Robbins, TW., &
Shakian, B.J., 2006. Neurochemical modulation of response inh#iton

probabilistic learning in humarScience311 (5762), pp. 86863.

Chen, B., Hu, W., & Plucker, J.A., 2014. The effect of mood on problem
findings in scientific creativity. [Ppeint] Submitted toThe Journal of

Creative BehavioAvailable from

245



http://onlineIibrary.wiley.com/doi/lo.1002/i0cb.79/abstra|ipkccessed 30

June 2015].

Chiew, K.S. & Braver, T.S., 2014. Dissociable influences of reward motivation
and positive emotiomn cognitive controlCognitive, Affective & Behavioral

Neurosciencel4 (2), pp. 50%29.

Chittaro, L. & Zangrando, N., 2010. The persuasive power of virtual reality:
effects of simulated human distress on attitudes towards fire safety. In
Proceedings dhe 5th international conference on Persuasive Technology
Copenhagen, 2010. Springéerlag.

Collins, M.A. & Amabile, T.M., 1999. Motivation and creativi§teimberg,
R.J., ed., Handbook of Creativtgmbridge, UK: Cambridge University

Press.

Corr,P.J., 2008The Reinforcement Sensitivity Theory of Personality.
Cambridge, UK: Cambridge University Press.

Critchley, H.G& Nagai, Y., 2012. How emotions are shaped by bodily states.
Emotion Review4, pp. 163168.

Critchley H.G, Wiens, S., RotshteinOPman, A., & Dolan, R.J., 2004.
Neural systems supporting interoceptive awarenissure Neuroscience

7,189195.

Cropley, A., 2006. In praise of convergent thinkimgativity Research
Journal 18 (3), pp. 39404.

Cropley, A.J., 2000. Defining anelasuring creativity: are creativity tests

worth usingRoeper Revieve3 (2), pp. 7Z9.

246



Cuddy, A.M.J., Wilmuth, C.A., Yap, A.J., & Carney, D.R., 2015. Preparatory
power posing affects nonverbal presence and job interview outcomes.

Journal of Applied P$wdogy 100 (4), pp. 1286295.

Dael, N., Mortillaro, M., & Scherer, K.R., 2012. Emotion expression in body
action and postureEmotion 12 (5), pp. 1083101.

DanGlauser, E.S. & Gross, J.J., 2011. The temporal dynamics of two
responsefocused forms of motion regulation: experiential, expressive, and

autonomic consequenceBsychophysiolog48 (9), pp. 1309322.

Davis, J.l., Senghas, A., Brandt, F., & Ochsner, K.N., 2010. The effects of
BOTOX injections on emotional experieaaotion 10 (3), pp. 43#40.

Davis, M.A., 2009. Understanding the relationship between mood and
creativity: a metaanalysisOrganizational Behavior and Human Decision

ProcesseslO8, pp. 2538.

de Bono, E., 1970Qateral thinking: creativity step by stépndon, UK:
Harper & Rw.

De Dreu, C.K.W., Baas, M., & Nijstad, B.A., Ple@Rnic tone and
activation level in the moaodreativity link: toward a dual pathway to
creativity modelJournal of Personality and Social Psychp®3g(s), pp.
739-759.

De Dreu, C.K.W., NijstadAB Baas, M., Wolsink, I., & Roskes, M., 2012.
Working memory benefits creative insight, musical improvisation, and
original ideation through maintained taBlcused attentionPersonality and

Social Psychology Bulle®8 (5), pp. 65®609.

247



Dewett, T., 204. Employee creativity and the role of riskropean Journal

of Innovation Management (4), pp. 257266.

Dow, G.T. & Mayer, R.E., 2004. Teaching students to solve insight problems.
Evidence for domain specificity in traini@geativity Research Jouknk6

(4), pp. 389A02.

Dreisbach, G. & Goschke, T., 2004. How positive affect modulates cognitive
control: Reduced perseveration at the cost of increased distractibility.
Journal of Experimental Psychology: Learning, Memory, and Co@&@ition

(2), pp. 343353.

Dreisbach, G., Muller, J., Goschke, T., Strobel, A., Schulze, K., Lesch, K.P., &
Brocke, B., 2005. Dopamine and cognitive control: the influence of
spontaneous eyeblink rate and dopamine gene polymorphisms on
perseveration and distractibilitipehavoral Neurosciencd 19 (2), pp. 483

490.

Ellgring, H. & Scherer, K.R., 2007a. Are facial expressions of emotion
produced by categorical affect programs or dynamically driven by appraisal?
Emotion 7 (1), pp. 1134.30.

Ellgring, H. & Scherer, K.R., 200Mbltimodal expression of emotion: affect
programs or componential appraisal patterisfotion 7 (1), pp. 15471.

Elliot, A.J., Eder, A.B., & Harrdmmes, E., 2013. Approach and avoidance
motivation and emotion: convergence and divergetaotion Reviewb,
pp. 308311.

Enders, C.K. & Tofighi, D., 2007. Centering predictor variables in cross
sectional multilevel models: a new look at an old isBagchological

Methods 12, 121138.

248



Eslambolchilar, P. & Rogers, Y., 2013. Theme issue on persuasiorcanflue
nudge, or coercion (PIN®ersonal and Ubiquitous Computiad (6), pp.
1171-1172.

Fairclough, S.H., 2009. Fundamentals of physiological computargcting
with Computers21 (32), pp. 133145.

Feldman Barrett, L., 2004. Feelings or words? td$taleding the content in
selfreport ratings of experienced emotialournal of Personality and Social

Psychology87 (2), pp. 26@81.

Fellbaum, C., ed., 1998/lordNet: an electronic lexical databa€ambridge,
MA: MIT Press.

FernandezAbascal, E.G. & M Diaz, M.D., 2013. Affective induction and
creative thinkingCreativity Research Journ2b (2), pp. 21-:221.

Field, A. (2013pPiscovering statistics using IBM SPSS statiBliosisand
Oaks, CA: Sage.

Filipowicz, A., 2006. From positive affectreativity: the surprising role of
surprise Creativity Research Jourri (2), pp. 141.52.

Finzi, E., & Wasserman, E., 2006. Treatment of depression with Botulinum

Toxin A: a case serié@ermatologic Surgerg?2 (5), pp. 64%50.

Flack, W., 2006. PpHheral feedback effects of facial expressions, bodily
postures, and vocal expressions on emotional feel@ggnition & Emotign
20, pp. 177195.

Flack, W.F., Jr., Laird, J.D., & Cavallaro, L.A., 1999. Separate and combined
effects of facial expressioasd bodily postures on emotional feelings.

European Journal of Social Psychqlagypp. 203217.

249



Fong, T., Nourbakhsh, I., & Dautenhahn, K., 2003. A survey of socially
interactive robotsRobotics and Autonomous SystedAs pp. 143166.

Fong, T.T., 200G he effects of emotional ambiguity on creativitgademy
of Management Journadl9, pp. 10161030.

Forster, E.A. & Dunbar, K.N., 2009. Creativity evaluation through latent
semantic analysis. In CogSci 2009 Proceedings. Amsterdam, 2009. Cognitive

Sciencesociety, Inc.
Franken, R., 2006luman motivation6th Ed. Florence, KY: Wadsworth.

Friedman, R.S. & Fdrster, J., 2002. The influence of approach and avoidance
motor actions on creative cognitiadournal of Experimental Social

Psychology38 (1), pp. 455.

Friedman, R.S. & Forster, J., 2005. The influence of approach and avoidance

cues on attentional flexibilitjMotivation and Emotion29 (2), pp. 681.

Friedman, R.S., FischbachFArster, J., & Werth, L., 2003. Attentional
priming effects on creatity. Creativity Research Journsb (23), pp. 277
286.

Frijda, N.H., 200The laws of emotiorMahwah, NJ: Lawrence Erlbaum

Associates Publishers.

Gasper, K. & Zawadzki, M.J., 20ant information? How mood and
performance perceptions alter the pereed value of information and
influence informatiorseeking behavior8/otivation and Emotior37, pp.

308-322.

Gasper, K., 2003. When necessity is the mother of invention: mood and

problem solvingJournal of Experimental Social Psychol@gypp. 248262.

250



Giannoulis, S. & Verbeek, F., 2009. The happiness cube paradigm; eliciting
emotions of happiness through sound, video, light and od&rdoeedings
of 4th International Workshop on Emotion and Computing: Current Research

and Future ImpactPaderborn2009. Available from

http://ftmedia.eu/documents/paper.pjﬁAccessed 30 June 2015].

Goschke, T. & Bolte, A., 2014. Emotional modulation of control dilemmas:
The role of positive affect, reward, and dopae in cognitive stability and

flexibility.Neuropsychologig&2, pp. 403123.

Gray, E.K. & Watson, D., 2007. Assessing positive and negative affect via
selfreport. InCoan, J.A. & Allen, J.J.B., eds., Handbook of emotion elicitation

and assessmenNewYork, NY: Oxford University Press.

Griffin, G. & Jacob, R., 2013. Priming creativity through improvisation on an
adaptive musical instrument. Rroceedings of the 9th ACM Conference on

Creativity & CognitiorSydney, 2013. ACM.

Gross, J.J., 1998. The egirg field of emotion regulation: an integrative

review.Review of General Psychology3), pp. 27-299.

Gross, J.J. & John, O.P., 2003. Individual differences in two emotion
regulation processes: Implications for affect, relationships, anebeiel).

Journal of Personality and Social Psychol8gypp. 34862.

Guilford, J.P., 196The nature of human intelligendéew York, NY:
McGrawHill.

Halacsy, P., Kornai, A., & Oravecz, C., P0hos an open source trigram
tagger. InProceedings of the 4b5tAnnual Meeting of the ACL on Interactive
Poster and Demonstration Sessidfrmague, 2007. Association for

Computational Linguistics.

251



Hao, N., Yuan, H., Hu, Y., & Grabner, R.H., 2014. Interaction effect of body
position and arm posture on creative thindibhearning and Individual

Differences32, pp. 261265.

Harbison, J.I. & Haarmann, H., 2014. Automated scoring of originality using
semantic representations. ogSci 2014 Proceedin@iebec City, QC,
2014. Cognitive Science Society, Inc.

Hatfield, E.Bensman, L., Thornton, P.D., & Rapson, R.L., 2014. New
perspectives on emotional contagion: A review of classic and recent

research on facial mimicry and contagilmmerpersona8 (2), pp. 154.79.

Hayes, A.F., 201Bitroduction to mediation, moderatioand conditional

process analysis: A regressimsed approachGuilford Press.

Hewett, T., 2005. Informing the design of compitased environments to
support creativitylnternational Journal of Huma@omputer Studie$3 (4

5), pp. 383409.

Hollenstein T. & Lanteigne, D., 2014. Models and methods of emotional

concordanceBiological psycholog98, pp. 15.

Hornbaek, K. 2013. Some whys and hows of experiments in human
computer interactionFoundations and Trends in Hur@omputer

Interaction 5 (4), pp299-373.

Huang, L. & Galinsky, A.D., 2011. Miady dissonance: conflict between
§Z e ve o [E% v » 3Z u]lSodal Zsy@adlogiceXand Personality
Science? (4), pp. 354359.

252



lligen, D.R., 1971. Satisfaction with performance as a functtbe ofitial
level of expected performance and the deviations from expectations.

Organizational Behavior and Human Performafd@8), 345361.

Isaksen, S.G., Dorval, K.B., & Treffinger, D.J.,@Q@Hhtive approaches to
problem solving: a framework fonmvation and changerhousand Oaks,

CA: Sage Publications, Inc.

Isbister, K., Karlesky, M., Frye, J., & Rao, R., 2012. Scoop! A médasadnt
math game designed to reduce math anxiety. Jh[iT AS v *SE S-

on Human Factors in Computing Systehuostin, TX, 2012. ACM.

Isbister, K., Schwekendiek, U., & Frye, J., 2011. Wriggle: an exploration of
emotional and social effects of movementClHl;11 Extended Abstracts on

Human Factors in Computing Systeviacouver, BC, 2011. ACM.

Janssen, J.H., BailensJ.N., IJsselsteijn, W.A., & Westerink, J.H.D.M., 2010.
Intimate heartbeats: opportunities for affective communication technology.

IEEE Transactions on Affective Computingp. 7280.

Jarvinen, A., 2007. Introducing applied ludology: hamdsiethodsfor
game studies. IRroceedings of the 2007 DiGRA International Conference:

Situated PlayTokyo, 2007. Digital Games Research Association.

Johnson, B. & Christensen, L., 2@8icational research: Quantitative,

qualitative, and mixed approach&housad Oaks, CA: Sage.

Kantosalo, A., Toivanen, J.M., Xiao, P., & Toivonen, H., 2014. From isolation
to involvement: adapting machine creativity software to support human
computer caecreation. InThe Fifth International Conference on

Computational Creativityjubljana, 2014. Available from

http:/kt.ijs.si/publ/iccc_2014 proceedings.pi@ccessed 30 June 2015].

253



Kappas, A., 2011. Emotion and regulation are Bnedtion Reviewd (1),
pp. 1725.

Kadman, J.C., Baer, J., & Jason, J.C., 2009. Expertise, domains, and the
consensual assessment techniqliee Journal of Creative Behavits (4),

pp. 223233.

Kaufmann, G. & Vosburg, S.K., 2002. Mood effects in early and late idea
generation Creativity Reearch Journall4, pp. 317330.

Keltner, D., Ellsworth, P.C., & Edwards, K., 1993. Beyond simple pessimism:
effects of sadness and anger on social percepliomnal of Personality and

Social Psycholog¥, pp. 74Q752.

Kok, R. & Broekens, J., 2008. Rlayemotion induction and its use in
entertainment: lessons learned. New Frontiers for Entertainment
Computing: IFIP 20th World Computer Congress, First IFIP Entertainment
Computing Symposiurivlilan, 2008. Springer.

Koster, R., 2013 heory of fun fogame design2® Ed. Sebastopol, CA:
O'Reilly Media, Inc.

Kreibig, S.D., Gendolla, G.H., & Scherer, K.R., 2012. Goal relevance and goal
conduciveness appraisals lead to differential autonomic reactivity in

emotional responding to performance feedbaBlobgical Psycholog®1

(3), pp. 365375.

Lameijer, E.W., Kok, J.N., Back, T., & IJzerman, A.P., 2006. The molecule
evoluator. An interactive evolutionary algorithm for the design of-tikeg
moleculesJournal of Chemical Information and Model#®)(2),pp. 545

552.

254



Lamers, M.H., Verbeek, F.J., & van der Putten, P.W.H., 2013. Tinkering in
Scientific Education. Proceedings of the TGnternational conference on

Advances in Computer Entertainmdfnnschede, 2013. Springéerlag.

Larsen, R.J. & Prizatiarsen, Z., 2006. Measuring emotions: Implications of
a multimethod perspective. Eid, M. & Diener, E., eds., Handbook of
multimethod measurement in psychologyashington, DC: American

Psychological Association.

Larsen, T.J & McGraw, A.P., 2011. Fudtielence for mixed emotions.
Journal of Personality and Social Psychology, 100 (6}11095

Lee, J.L., 200&ffects of divergent thinking training/ instructions on
Torrancep tests of creative thinking and creative performaRt® thesis.

Universityof Tenessee.

Lench, H.C., Flores, S.A., & Bench, S.W., 2011. Discrete emotions predict
changes in cognition, judgment, experience, behavior, and physiology: a
metaanalysis of experimental emotion elicitatioRsychological Bulletin

137 (5), pp. 834855.

Leung, A¥., Kim, S., Polman, E., See Ong, L., Qiu, L., Goncalo, J.A., &
SancheBurks, J., 2012. Embodied § % Z}@E+s v & 3§]A ~ S« X
Psychological Scien@3 (5), pp. 508009.

Lewis, M.D., 2005. Bridging emotion theory and neurobiology through
dynamic systems modelinBehavioral and Brain Science8 (2), pp. 194
245.

Lewis, S., Dontcheva, M., & Gerber, E., 2011. Affective Computational
Priming and Creativity. Proceedings of the International Conference on

Human Factors in Computing Syste¥asicouver, 2011. ACM.

255



Lubart, T. 2005. How can computers be partners in the creative process:
classification and commentary on the special issuernational Journal of

HumanComputer Studie§3, pp. 365369.

LudwickRosenthal, R. & Neufeld, R.W., 198&art beat interoception: a
study of individual differences. International Journal of Psychophysioly, 3,
pp. 5765.

Lyer, L.R., Doboli, S., Minai, A.A., Brown, V.R., Levine, D.S., & Paulus, P.B.,
2009. Neural dynamics of idea generation and the effeqisiming.Neural
Networks 22, pp. 674686.

Mauss, |.B. & Robinson, M.D., 2009. Measures of emotion: A review.
Cognition & Emotigr23 (2), pp. 20237.

Mclintosh, D.N., 1996. Facial feedback hypotheses: Evidence, implications,
and directionsMotivation andEmotion 20, pp. 1247.

McQuiggan, S.W. & Lester, J.C., 2007. Modeling and evaluating empathy in
embodied companion agentsiternational Journal of Humaomputer
Studies65 (4), pp. 34360.

Melder, W.A., et al., 2007. Affective multimodal mirror:sseg and eliciting
laughter. InProceedings of the international workshop on Huoeartered

multimedia Augsburg, 2007. ACM.

Milgram, N. & Tenne, R., 2000. Personality correlates of decisional and task
avoidant procrastinatiorEuropean Journal of Persahall4 (2), pp. 141

156.

Moors, A., 2009. Theories of emotion causation: a re\i®gnition and

Emotion 23 (4), pp. 62662.

256



Moors, A., 2013. On the causal role of appraisal in emdimotion Review
5 (2), pp. 132240.

Morris, R.R., Dontcheva, M., lkefstein, A., & Gerber, E., 2013. Affect and
creative performance on crowdsourcing platform$?iaceedings of the
2013 Humaine Association Conference on Affective Computing and

Intelligent InteractionGeneva, 2013. IEEE.

Mumford, M.D., Antes, A.L., Caogn, J.J., Connely, S., & Beeler, C., 2010.
CrossField differences in creative problesuolving skills: a comparison of
health, biological, and social sciend&®ative Research Jourriz (1), pp.
14-26.

Mumford, M.D., Medeiros, K.E., & Partlow, RQIL2. Creative thinking:
processes, strategies, and knowledbee Journal of Creative Behayits
(1), pp. 347.

Nakakoji, K., 2005. Seven issues for creativity support tool researchers. In
NSF Workshop Report Creativity Support Tééshington, DCOR5.

Available frorhttp://www.cs.umd.edu/hcil/CST/creativitybook final.pdf
[Accessed 30 June 2015].

Nakazato, N., Yoshida, S., Sakurai, S., Narumi, T., Tanikawa, T., & Hirose, M.,
2014. Smart face: enhancing creativity during video conferences using real
time facial deformation. IRroceedings of the 17th ACM conference on
Computer supported cooperative work & social compuBag Fransisco,

CA, 2014. ACM.

Neumann, R. & Strack, F.0R0Approach and avoidance: the influence of
proprioceptive and exteroceptive cues on encoding of affective information.

Journal of Personality and Social Psychplt®yypp. 3H48.

257



Niedenthal, P.M., 2007. Embodying emotiSaience316(5827), pp. 1002
1005.

Nouri, M. & Maiden, N.A.M., 2013. Exploring associations between the work
environment and creative design processe®rbreedings of the 8th
International Conference on Knowledge, Information and Creativity Support

SystemsKrakow, 2013. ProgressB&isiness Publishers.

Nyer, P.U., 1997. A study of the relationships between cognitive appraisals
and consumption emotiongournal of the Academy of Marketing Science
25 (4), pp. 29604.

Oberman, L.M., Winkielman, P., & Ramachandran, V.S., 2007. faaee to
blocking facial mimicry can selectively impair recognition of emotional

expressionsSocial Neuroscienc (34), pp. 167178.

Olson, J.S. & Kellogg, W.A., 20¥4dys of knowing in H®New York, NY:
Springer.

Panksepp, J., 2000. Affective consaiess and the instinctive motor
system: the neural sources of sadness and jdylliB) R. & Newton, Neds.
The caldron of consciousness, affect, motivation, andrgglhisation

Amsterdam: John Benjamins Pub. Co.

Paulus, P. & Nijstad, B., 2003. Grorgativity: An introduction. IRaulus, P.
& Nijstad, B.eds.,Group creativity: Innovation through collaboratibiew

York, NY: Oxford University Press.

Pedregosa, F., et al., 2011. Sdéarn: machine learning in pythofhe
Journal of Machine LeargifiResearchl2,pp.28252830.

258



Pfaf, R.H., Mohr, S.E., Rotteveel, M., & Wicherts, J.M., 2014. Approach,
avoidance, and affect: a metanalysis of approaefivoidance tendencies in

reaction time taskg=rontiers in Psychology, PMC4021119.
Picard, R.W., BF. Affective computingCambridge, MA: MIT Press.

Plucker, J.A., Qian, M., & Schmalensee, S.L., 2014. Is what you see really
what you get? Comparison of scoring techniques in the assessment of real
world divergent thinkingCreativity Research Journaé(2), pp. 135143.

Plucker, J.A., Qian, M., & Wang, S., 2011. Is originality in the eye of the
beholder? Comparison of scoring techniques in the assessment of divergent

thinking.The Journal of Creative Behavits (1), pp. 22.

Powers, D.M.W., 2011. Bvation: from precision, recall anarfeasure to
ROC, informedness, markedness & correlafioarnal of Machine Learning

Technologie2 (1), pp. 363.

Preacher, K.J. & Hayes, A.F., 2004. SPSS and SAS procedures for estimating
indirect effects in simplmediation modelsBehavior Research Methods,

Instruments, & Computer86 (4), pp. 71-731.

Price, T.F. & Harmalones, E., 2010. The effect of embodied emotive states
on cognitive categorizatioEmotion 10 (6), pp. 934938.

Price, T.F. & Harmalones, E 2015. Embodied emotion: the influence of
manipulated facial and bodily states on emotive respoW#REs Cognitive
Science6, pp. 461473.

Price, T.F., Peterson, C.K., & Handmmes, E., 2012. The emotive

neuroscience of embodimeritlotivation and Emtion, 36 (1), pp. 2-87.

259



Rabiner, L., 1989. A tutorial on hidden Markov models and selected
applications in speech recognitidProceedings of the IEEH (2), pp. 257
286.

Ranehillg., Dreber, A., Johannesson, M., Leiberg, S., Sul, S., & Weber, R.A.,
2015. Assessing the robustness of power posiing: no effect on hormones
and risk tolerance in a large sampe of men and woisychological

Sciencge26 (5), pp. 65856.

Reimann, M., et al., 2012. Embodiment in judgment and chimcenal of

Neuroscience,dychology, and Economiés(2), pp. 104.23.

Reisenzein, R. 1994. Pleasareusal theory and the intensity of emotions.
Journal of Personality and Social Psychp®gy3), pp. 52539.

Riskind, J.H., & Gotay, C.C., 1982. Physical posture: couldrgdudaeory
or feedback effects on motivation and emotidv®tivation and Emotiorb,

pp. 273t298.

Robinson, M.D. & Clore, G.L., 2002. Belief and feeling: evidence for an
accessibility model of emotional sedport. Psychological Bulletia28 (6),

pp. 931-960.

Roseman, 1.J., 2004. Appraisals, rather than unpleasantness or muscle
movements, are the primary determinant of specific emoti&nsotion 4
(2), pp. 145150.

Roseman, 1.J., 2011. Emotional behaviors, emotivational goals, emotion
strategies: multife levels of organization integrate variable and consistent

responsesEmotion ReviewB (4), pp. 434143.

260



Roskes, M., de Dreu, C.K.W., & Nijstad, B.A., 2012. Necessity is the mother
of invention: avoidance motivation stimulates creativity through cognitiv

effort. Journal of Personality and Social Psychpld/(2), pp. 24256.

Roskes, M., Elliot, A.J., Nijstad, B.A., & De Dreu, C.K.W., 2013. Avoidance

motivation and conservation of energymotion Revievi, pp. 308311.

Rotteveel, M. & Phaf, R.H., Z0@Qutomatic affective evaluation does not
automatically predispose for arm flexion and extendionotion 4, pp. 156

172.

Runco, M.A. & Acar, S., 2012. Divergent thinking as an indicator of creative

potential. Creativity Research Journ2d (1), pp. 6&5.

Runco, M.A. & Jaeger, G.J., 2012. The standard definition of creativity.
Creativity Research Journ2d (1), pp. 926.

Russell, J.A., 2003. Core affect and the psychological construction of

emotion.Psychological Revied10 (1), pp. 14472.

Salamoe, J.D. & Correa, M., 2012. The mysterious motivational functions of

mesolimbic dopaminéNeuron 76 (3), pp. 47485.

Sawva, N., Scarinzi, A., & Biafgrithouze, N., 2012. Continuous
E }PV]3]}Vv }( %0 C E[* (( 3]A } C A%RE <]}v
aesthetic experience. IEEE Transactions on Computational Intelligence and

Al in Games, 4 (3), pp. 1992.

Schacter, D.L., Gilbert, D.T., & Wegner, D.M., Exlythology2nd Ed. New
York, NY: Worth.

Scherer, K.R., 2005a. What are emotions? And howhegre measured?
Social Science Informatjet? (4), pp. 69529.

261

Cv u]



ANZE EU <XZXU 1ifi X tZ & & Eulve ( O]VP[* %1}+]&]}v

space? A case for appraisahgnition & Emotiqr20 (1), pp. 9213.

Scherer, K.R., 2009. The dynamic architectueenotion: evidence for the

component process modéLognition & Emotiqr23 (7), pp. 13071351.

Scherer, K.R., Banziger, T., & Roesch, E., eds.AAL6print for affective

computing: a sourcebook and manu@kford, UK: Oxford University Press.

Schuk, D.H., 1989. Sedfficacy and achievement behavideslucational
Psychology Review, pp. 173208.

Schwarz, N. & Clore, G.L., 2007. Feelings and phenomenal experiefices. In
Kruglanski, A. & Higgins, E.T., eds., Social psychology. Handbook of basic
principles 2nd Ed. New York, NY: Guilford.

Shadish, W.R., Cook, T.D., & Campbell, D.T.,2g8&imental and quasi
experimental designs for generalized causal inferé&aston, MA:
HoughtonMifflin.

Shahid, S. Krahmer, E., Neerincx, M., & Swerts, M8, ROsitive affective
interactions: the role of repeated exposure angpotesencelEEE

Transactions on Affective Computi@d4), pp. 22@37.

Shepperd, J., Malone, W., Sweeny, K., 2008. Exploring causes of the self
serving biasSocial and Personalitgy®hology Compasa (2), pp. 89908.

Shneiderman, B., 2007. Creativity support tools: accelerating discovery and

innovation.Communications of the ACBD, pp. 2632.

Shuman, V. & Scherer, K.R., 2015. Emotions, psychological structure of. In
Wright, J.D.ed.,International Encyclopedia of the Social & Behavioral

Sciences2nd edition, Vol 7, Oxford: Elsevier.

262



Siemer, M., 2005. Mood congruent cognitions constitute mood experience.
Emotion 5, pp. 296308.

Siemer, M., Mauss, |., & Gross, J.J., 2007. Saatos t different
emotions: how appraisals shape our emotidgmotion 7 (3), pp. 59500.

Silvia, P.J., et al., 2008. Assessing creativity with divergent thinking tasks:
exploring the reliability and validity of new subjective scoring methods.
Psychalgy of Aesthetics, Creativity, and the A2t§2), pp. 685.

Silvia, P.J., 2011. Subjective scoring of divergent thinking: examining the
reliability of unusual uses, instances, and consequences TdmRking Skills

and Creativity6 (1), pp. 2480.

Sigrica, A., Maiden, N.A.M., Morosini, D., Panesse, L., Pudney, K., & Rose,
M., 2013. Creativity support in a serious game for dementia care. In
Proceedings of the 9th ACM Conference on Creativity & Cogaitdirey,

2013. ACM.

Slepian, M.L. & Ambady, NO12. Fluid movement and creativifppurnal of
Experimental Psychology: Gengidll (4), pp. 62629.

Sonnemans, J. & Frijda, N., 1994. The structure of subjective emotional

intensity.Cognition & Emotiqr8, pp. 329850.

Soroa, G., Balluerka, N., HomnBek Arritzeta, A., 2015. Assessing
interactions between cognition, emotion, and motivation in creativity: The
construction and validation of EDICDENnking Skills and Creatiyity, pp.
45-58.

263



Soussignan, R., 2002. Duchenne smile, emotional experantte
autonomic reactivity: a test of the facial feedback hypoth&siwtion 2,
pp. 5274.

Sowden, P.T. & Dawson, L., 2011. Creative feelings: the effect of mood on
creative ideation and evaluation.Pnoceedings of the 8th ACM Conference

on Creativityand CognitionSydney, 2011. ACM.

Stanton, S.J., 2011. The essential implications of gender in human
behavioral endocrinology studidgontiers in Behavioral Neuroscierice,
(9), PMC3057631.

Stepper, S. & Strack, F., 1993. Proprioceptive determinantsatiomal and
nonemotional feelingslournal of Personality Social Psychol6dypp. 211
220.

Sternberg, R.J. & Lubart, T.l., 1996. Investing in creadinigrican
Psychologisbl, pp. 677688.

Strack, F., Martin, L., & Stepper, S., 1988. Inhibitiddeanlitating
conditions of the human smile: a nonobtrusive test of the facial feedback

hypothesisJournal of Personality and Social Psychpgypp. 768&77.

Tiedens, L.Z. & Linton, S., 2001. Judgment under emotional certainty and
uncertainty: the dects of specific emotions on information processing.
Journal of Personality and Social Psycho8ig{6), pp. 97388.

Tijs, T., Brokken, D., & IJsselsteijn, W., 2008. Creating an emotionally
adaptive game. IRroceedings of the 7th International Confieezon

Entertainment Computingpittsburgh, PA, 2008. Springéarlag.

264



To, M.L., Fisher, C.D., Ashkanasy, N.M., & Rowe, P.A., 2012p&/gbm
relationships between mood and creativilpurnal of Applied Psycholpgy
97 (3), pp. 59%12.

Tourangeau, R& Ellsworth, P.C., 1979. The role of facial response in the
experience of emotionlournal of Personality and Social Psychp®gypp.
15191531.

Unsworth, K.L. & Clegg, C.W., 2010. Why do employees undertake creative
action?Journal of Occupational afganizational Psycholods, pp. 77
99.

van der Zwaag, M.D., Janssen, J.H., & Westerink, J.H.D.M., 2013. Directing
physiology and mood through music: validation of an affective music player.

IEEE Transactions on Affective Comppdir{d), pp. 568.

van Reekum, C., Johnstone, T., Banse, R., Etter, A., Wehrle, T., & Sherer, K.,
2004. Psychophysiological responses to appraisal dimensions in a computer
game.Cognition and Emotiori8 (5), pp. 66888.

Weiner, B., 1985. An attributional theory of achievetmeativation and

emotion.Psychological Revie@2 (4), pp. 54873.

Wigfield, A. & Eccles, J.S., 2000. Expectaaiag theory of achievement
motivation.Contemporary Educational Psycho|dtfy, pp. 681.

WilsonMendenhall, C.D., Feldman Barret, L., SimnW.K., & Barsalou,
L.W., 2011. Grounding emotion in situated conceptualization.

Neuropsychologijat9 (5), pp. 1104127.

265



Wiswede, D., Munte, T.F., Kramer, U.M., & Russeler, J., 2009. Embodied
emotion modulates neural signature of performance monitoftigpS ONE

4, e5754.

Won, A.S., Bailenson, J.N., Stathatos, S.C., & Dai, W., 2014. Automatically
detected nonverbal behavior predicts creativity in collaborating dyads.
Journal of Nonverbal Behavi88 (3), pp. 38408.

Woolf, B., 2009Building intellignt interactive tutorsBurlington, MA:

Morgan Kaufmann Publishers.

Yap, A.J., Wazlawek, A.S., Lucas, B.J., Cuddy, A.J.C., & Carney, D.R., 2013. The
ergonomics of dishonesty: the effect of incidental posture on stealing,

cheating, and traffic violationBsychological Scienc24 (11), pp. 2281

2289.

Yoshida, S., Tanikawa, T., Sakurai, S., Hirose, M., & Narumi, T., 2013.
Manipulation of an emotional experience by reale deformed facial
feedback. IProceedings of thé"Augmented Human International

Corference Stuttgart, 2013. ACM.

Zachos, K., et al. 2013. A software app to support creativity in dementia
care. InProceedings of the 9th ACM Conference on Creativity & Cagnition

Sydney, 2013. ACM.

Zariffa, J., Hitzig, S.L., & Popovic, M.L., 2014. Neuubatiod of emotion
using functional electrical stimulation applied to facial muscles.

Neuromodulation: technology at the neural interfaCe (1), pp. 8®2.

Zenasni, F. & Lubart, T., 2011. Pleasantness of creative tasks and creative

performanceThinkingSkills and Creativit$, pp. 49566.

266



Zheng, L., Proctor, R.W., & Salvendy, G., 2011. Can traditional divergent
thinking test be trusted in measuring and predicting-veaidld creativity?

Creativity Research Journ2B (1), pp. 2487.

267



Appendices

268



Appendk A

de Rooij, A. & Jones, S., 2013. Mood and Creativity: An Appraisal Tendency
Perspective. IRroceedings of the 9th ACM Conference on Creativity &
Cognition Sydney, 2013. ACM.

269



ORRG DQG &UHDWLYLW\ $Q $SSUDLVDO 7¢F

Alwin de Rooij and Sara Jones
City University London
Northampton Square, London EC1V OHB, UK
alwinderooij@city.ac.uk

ABSTRACT The overall pattern of findings was that positive moods are
There is a strong relationship between the mood one is inassociated with broadened attentianflexible, inclusive,

and the way one performs creatively. Previous research hasind heuristic way of processing and generating information,
shown that this relationspiis complex. In this paper we and the motivation to approach difficult tasks [1]. This suits
argue that this complexity partly lies in a faulty the need to process much and diverse information in early
conceptualization of mood. We will argue that an appraisal stages of the creative process [cf. 11]. In catiraegative
tendency perspective on moods will help to further clarify moods are associated with narrowed attention, strict and
the relationship between mood and creativity. To supportsystematic information processing and generation, and
this argument we will highlight some inconsistencies inincreased effort investment [1]. This suits the creative need
previous research, and use the appraisal tendencyto evaluate and monitor usefulness and appropriateness in
perspective on mood to develop predictions that helplater stagesof the creative process [cf. 11]. There are
explain these inconsistencies and develop new directiongiowever also many contradictory findings. For instance, a
for moodcreativity research. Future search is required to  positive mood state such as relaxation is shown to impede

assess the accuracy of these predictions. creative performance compared to a negative mood state
Author Keywords such as anger in ear!y stages of th@t'rm process [7]. In
Creativity, Mood, Appraisal Tendencies turn, anger is associated with relatively unstructured and
heuristic processing [2], which is inconsistent with the
ACM Classification Keywords notion that negative moods overall promote systematic
J.4 Social and Behavioral Sciences: Psychology. processing. Findings such as these show us that there is
General Terms more tothe relationship between mood and creativity than
Theory can be inferred from their positive and negative character

alone. This pinpoints the current challenge in research on

INTRODUCTION the relationship between mood and creativity.

At times, creativity seem® flow naturally, while at other
times, creativity is effortful, or even blocked. One of the One research trend that attempts to deti this challenge
factors that are believed to play an important role in suchlooks at the range of factors that differ between different
situations is the mood one is in [1]. Moods are considerednoods, and how these factors individually impact the
to be relatively long lasting, global, aniiffuse states, that processes from which creativity emerges. Within this trend,
emerge from the accumulation of emotions and otherone line of research explains a mood in terms of its positive
affective responses over time. Moods function as aand negative tone, as well as the overall level of activation
temporary disposition to have certain cognitions [15]. Theseof the sympathetic nervous system. Overall, findings
dispositions therefore impact the processes from whichindicate that activation might be a necessary condition for
creativity emerge. However, empirical findings show creativity to occur. Here, activation is thought to reflect
many inconsistencies, which suggests that the way in whicrengagement [1]. Posie moods high in activation (e.qg. joy)
this happens is complex [1]. This paper discusses how a@re associated with increased creative performance during
appraisal tendency perspective on moods can help to furthgdeation through increased flexibility, whereas activating
uncover the complexities of the relationshigtiween mood negative moods (e.g. anger, fear) increases performance
and creativity. during ideation through perseverance. Moassociated
wooo D cREATTY L ol SO (60, e o oo entance
Early research on the relationship between mood an o . : .

- " . ocus that is associated with a mood, i.e. whether a mood
creativity focused on general positive and negative moods; . .

induces a focus on promotion or prevention, can further

explain the rdtionship between mood and creativity.

Permission to make digital or hard copies of part or all of this wol MOOd_S \_’Vith a promotion _fOCUS (e.g. jo)_/, _ gnger) tend to
personal or classroom use is granted without fee providécopées ar benefit ideation through increased flexibility [1]. Those
not made or distributed for profit or commercial advantage and that with a prevention focus that are activating (e.g. fear) benefit
bear this notice and the full citation on the first page. Copyrights for . . .

party components of this work must be honored. For all other uses, Id.eatlon through increased persevergnm@ereas those

the Owner/Autlor. Copyright is held by the owner/author(s). with a prevention focus that are deactivating (e.g. sadness)

are detrimental to ideation [4]. This indicates that a more
C&C '13, Jun 1720 2013, Sydney, NSW, Australia

ACM 9781-450321501/13/06.
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detailed perspective on the constituents of moods carThis directs the selection of strategies to deal with a
further help to explain the relationship between mood andsituation. People in a sad and fearful mood have the
creativiy. There are however still contradictory findings. A tendency to appraise situations as uncontrollable, whereas
case in point is that a simple model combining valence,angry and hapy moods lead people to think that a situation
activation and regulatory focus cannot easily explain why ais controllable, which impacts motivation [10]. Moods
high activation, prevention focus, negative mood state suctcharacterized by (un)certainty lead people to appraise the
as anxiety is detrimentéb creative ideation [1, 7]. outcome of events accordingly, which promotes either a
heuristic or systematic processing stf{8¢ This is in line

with the way in which appraisals are known to facilitate
emotion [cf. 14]. The appraisal tendency perspective states

Eﬁ%{g\?{ggv\}gigﬁg?&sa?p bergl:/:aelrlerr?geor?c aenri (;r;?vt:av'ty'that it is tendencies such as the above that characterize what
' &pp persp we label as particular moods, and mediate the influefice

onmoods, as set out in the literature on mood and cognition " . .
[15] can help further explain this relationship. This moods on cognition [15]. For further reviews on appraisal

approach has not yet been explicily taken in rood tendencies and their effects on cognition, see [10, 15].

creativity research. In comparison to the dominant conceptualizations of moods
MOODS AS APPRAISAL T ENDENCIES used in mooetreativity research, the appraisal tendency

The appraisal tendency perspective on nsosthtes that perspective implies #t the valence of a mood (whether it is

moods serve as temporary dispositions to have congruerﬁ’os"t've or ngggﬂve) qannot be ylewed as a unitary
emotions [14]. For instance, people in happy moods argconstruct. Positivittnegativity may arise from a tendency
! 0 appraise events as intrinsically (un)pleasant, goal

) : . t
likel h hen th
more likely to experience appyemotlons,evenwenteLQ FROJUXHOW RU LQ FRPSI&LEOH

situation only slightly lends itself to it [14]. standards [cf. 14]. Furthermore, activation is moderated by
According to appraisal #ory, emotions typically emerge many appraisals, e.g. unexpectedness, goal obstruction, and
from appraising an event in terms unexpectedness, intrinsitincertainty increase activation [13]. Regulatory focus could
and goal relevance, goal congruence, certainty, urgencyalso be influenced by appraisal tendencies, e.g. intrinsic
cause (self, other, chance), coping potential, and(un)pleasamess may help promote incorporation or
compatibility with norms and values. There are many morerejection, and coping related tendencies moderate the
emotionrrelevant appraisals, but the aforementioned onedikelihood that one approaches or avoids a situation on the
are sufficient to distinguish between common emotiongrounds of ability beliefs. The appraisal tendency
labels such as happiness, anger, and sadness. For instanperspective shows that these common conceptualizatio
one becomes angry when an event is unexpected; goahold some relation to mood, but it is in the underlying
relevant, certain, obstructive gmal attainment, caused by a appraisal tendencies that we can learn more about the
person, and one believes that a desired outcome can helationship between moods and human adaptive behaviors.
produced, i.e., removal of the obstruction. These appraisal

in turn promote an adaptive response, e.g. encounterins;
something intrinsically pleasant promotes incorporgtio e

We argue that the way moanleativity research has
conceptualized moods is detrimental to the aim of fully

iven the presented evidence, we believe that the appraisal
ndency perspective onowmds provides an empirically
goal obstruction promotes reactivity, and a sense of powe alid and productive conceptualization of moods, which can

' e used to further uncover how mood, through its

weighs in with the belief that one can produce a desire ) . . L
outcome with the resources at hand. For a review orconstituents, impacts the processes from which creativity

appraisal profiles for common emotion labels, and the ®Merges.
adaptive responses that are rpoted by appraisals, see MOOD AND CREATIVITY: AN APPRAISAL TENDENC Y
[14]. PERSPECTIVE

. - . _The appraisal tendency perspective on the relationship
Empirical findings show that moods are the acc“mUIat'onbetween mood and creativity breaks away from previous
of emotions and other affective events (including 4 proaches that were anchored in the npositivity or
appraisals), and also serve as dispositions to have congruep gativity of a mood, and associated constructs at a
emotions. Therefore moods reflect a tendency to apprais‘f'undamental level. App,raisal tendencigwvide a detailed

situations in a way that is congruent with the emotions andg\sirically validated platform that explains the constituents
affective events from which they emerge [14]. For instance, ¢ moods in a finegrained manner. We argue that this is

an angry mood is cha(;acterllzed by abtender_wy to apprla'ssssential to the aim of explaining the seemingly complex
events as unexpected, goalevant, obstructive to goa relationship between mood and creativity, because it is

attainment, certaincaused by other people, and the belief theseappraisal tendencies that impact human behavior, and

that a deﬂ_red outC(;me can be Iprpduced. (IjEmplrlcgl findinggperefore the processes from which creativity emerges. To
support this way of conceptualizing moods. For instance,gejiyer the first steps of an explanation of the relations

sad moods increase the likelihood that an event is thoughf soveen mood and creativity mediated by appraisal

to have snuanqnal cause, wh_ereas angopds promote the tendency theory, and to illustrais potential, we develop
tendency to think an event is caused by other people [9].
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some predictions that can help explain inconsistencies irin mood research. We arg that there is a potential link
previous research, and provide some directions for futurebetween two major factors in engagement, namely stress
work. We have divided these predictions along the and motivation, within the context of an appraisal tendency
following themes: 1) Generation and evaluation, 2) perspective on mood and creativity.
engager?erlt, ,e\ld;f-tm(?[gv?tfiotn, and streshs,. and 3) glir[ection Stress occurs when the required adaptation to a situation
and content. Note that future research is required to assesg . " - BUGHQV RQHTV DELOLW\ WR FRSH
the accuracy of these predictions. ) ) . S

Mild stress levels benefit engagement, too little diminishes
Generation and Evaluation it, while too much interferes with cognition overall [6]. The
An important theme throughout moadeativity research is  relation between mood and stress is in the interactions
how some moods promote flexiblnd heuristic thought, between appraisal tendencteat regulate the perception of
which benefits creative performance in early stages of thepressure (e.g. urgency), and appraisal tendencies related to
creative process (e.g. idea generation) whereas othersoping. For instance, angry moods promote the tendency to
promote systematic thought, which benefits later stages ofppraise situations as urgent, but at the same time facilitate
the creative process (e.g. idea evaluation) [1]. It waseatg high perceived control, power, and addilty to manage
earlier that the reviewed research could not explain whythat pressure [cf. 14]. Anxiety also promotes a tendency to
anxiety impeded idea generation, while in theory, it shouldperceive events as urgent, but is low on perceived power
benefit creative performance. The appraisal tendencyand adaptability, which increases the likelihood that an
perspective on moods can be used to shed new light on thisvent exceeds or burdens coping, and increases stress [cf.
problem. 14]. We therefore predict that moods such as anger that are

; ; : ; haracterized by a balance between appraisal tendencies
According to @praisal theory, anxiety differs from other © . - !
g ° ab y y that moderate the taxation of cognition, and appraisal

emotions through the appraisal of events as uncertain [14], . . 4 X
Therefore, moods related to anxiety facilitate a tendency totenden_mes related to coping _potentl_a!, are more likely to
appraise events as uncertain. Empirical evidence shows thapaintain engagement with a creatactivity.
when moods with an uncertaingpmponent are induced, Sijtuations that are seffiotivating also benefit creativity
people tend to generate ideas in a systematic manner [3though increased engagement with the task at hand [5]. One
Moods characterized by certainty (e.g. happiness, angeraspect of selfegulation in motivation that may be
promote less systematic, heuristic approaches [1, 3]. ThLeSDUWLFXODUO\ VXVFHSWLEOH WR PRRG
tendency to appraise the outcome of situations as uncertaiability to produce a desired outcome [5]. Appraisal
or certain therefore moderates the likelihood that onetendencies related to control and power moderate the belief
engages in a systematic approach, or relies on heuristicshat a desired outcome can be produced [10]. Moods
We therefore predict that moods that are characterized byharacterized by the tendency to perceive events as
uncertainty (e.g. anxiety) may therefore benefit later stagesincontrollable (e.g. sadness, fear) increase #wlilood
of the creative procesthat require a more systematic that one believes that no desirable outcome can be
approach to information processing. produced. This increases the likelihood that one does not
engage in or prematurely disengages with a creative
ctivity. Moods characterized by a tendency to appraise
vents as controllable (e.gappiness, anger) increase the
likelihood that one believes that a desirable outcome can be
@roduced. This increases the likelihood that one engages in,
and remains engaged with a creative activity. We therefore
predict that moods characterized by high calfebility and
power benefit creative engagement.

Flexibility is often opposed to systematic thought. As the
above indicates however, being certain does not necessaril
promote flexible thought. There is some evidence that
appraisals relted to goal congruence impact flexibility. The
argument is that when an important goal is attained, peopl
relax and become more flexible, which helps finding new
goals to pursue, or easily switching to the pursuit of other
pending goals, which is alsocilitated by flexibility [cf.

14]. Recent findings indicate that flexibility varies among Direction and Content

positive moods as a function of gaditectedness [12]. We An entirely new focus in moadreativity research could be
therefore predict that moods characterized by the tendenchased on the way appraisal tendencies bias the attribution of
to appraise a situation as gaangruent (e.ghappiness) a cause and emphasis on particular normative standards.
may increase the likelihood of a flexible approach to The irfluence of different moods may thus impact the
creativity, which can benefit creative performance in early content and direction of a creative process, and eventually
stages of the creative process. its outcome.

Engagement, Self -Motivation, and Stress The identification of causes of a situation facilitates the
A second important theme that arises in mooeghtivity  allocation of the appropriate knowledge to deal with a
resarch and creativity research in general, is the functionsituation [11]. Thisgives direction to the content of a

of engagement as a requirement for creativity to occur [1].creative process in an open ended creative situation. When
Current research has linked engagement to activationa specific problem is a given, the identification of essential
which is, as we have tried to show, a problematic constructauses determines the quality of a creative outcome [11].
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Moods are characterized by a tendenoyattribute the 4. Baas, M., De Dreu, C.K.W., and Nijstad, B.A. When
cause (e.g. self, other, chance) of a situation in a mood prevention promotes creativity: The role of mood,
congruent way. For instance, people in angry moods tend to regulatory focus, and regulatory closufePers. Soc.
attribute the cause of an event to other people and assume Psychol. 1005 (2011), 794809.

intent [9]. It follows that people in an angry mood tend to g Bandura, ASelfEfficacy: The Exercise of Control
retrieve knowledge relating to that other person or group of Freeman, New York, NY, USA, 1997.

people, their intentions, and heuristics to deal with that . )

specific situation. Other appraisal tendencies towards®- Byron, K., Khazanchi, S., and Nazarian, D. The
causality follow this pattern accordingly [9]. We therefore  relationship between stressors and creativity: A meta

predict that moods charaeized by a tendency to attribute analysis examining competing theoretical modgls.
a particular cause, can impact the direction and content of a APPL Psychol. 951 (2010), 202212.
creative activity. 7. De Dreu, C.K.W., Baas, M., and Nijstad, B.A. Hedonic

Direction and content can also depend on the standards tone and activation in the moateativity link: Towards

applied in evaluative aspects of the creative process, which a due;: plathway to creativity moddl. Pers. Soc.

shape what is deemed &eant or appropriate [11]. There is Psychol. 94(2008), 739756.

some evidence for appraisal tendencies that emphasize & Horberg, E.J., Oveis, C., and leer, D. Emotions as
particular set of normative standards in different moods [8].  moral amplifiers: An appraisal tendency approach to the

For instance, angry moods emphasize sowiwal concerns influence of distinct emotions upon moral judgment.
relating to justice, rights, and autonomy.rFam overview Emot. Rev. 33 (2011), 237244.

on the relationship between different moods and tendencies, Keltner, D., Ellsworth, P.C., and Edwards, K. Beyond
toward emphasizing different soemoral concerns, see [8]. simple pessimism: Effects of sadness ander on

The emphasis put on specific normative standards may bias ggcjg| perception]. Pers. Soc. Psychol. 63 (1993),
evaluation of creative ideas, and influence the content of a 740.752.

credive process, and ultimately its outcome. Therefore, we .
predict that the standards emphasized in different mood&O.Lerner, J.S. and Keltner, D. Fear, anger, and Jisk.
influence evaluative modes of thought, which in turn Pers. Soc. Psychol. 81 (2001), 146L59.

influences the direction and content of a creative activity. ~11.Mumford, M.D., Medeiros, K.E., and Partlow, P.J.
CONCLUSION Creative thinking: Processes, ségies, and knowledge.

Past research shewhat the relationship between mood and J. Creative. Behav. 48 (2012), 3647,

creativity is complex. A brief but illustrative review has 12.Price, T.F. and Harmedones, E. The Effect of

shown that further progress in this field is impeded by the =~ Embodied Emotive States on Cognitive Categorization.
way moods and their constituents have been Emotion 106 (2010), 93838.

conceptualized. We have argued that an appraisaéteyd 13 .Scherer, K.R., Dan, E.S., and Flykt, A. What determines

perspective on moods provides an empirically valid and 3feeOLQJTV SRVLWLRQ LQ DIIHFWLYH VS
productive alternative to previous conceptualizations of  appraisalCogn. Emot. 201 (2006), 92113.

mood, with which we can further attempt to uncover the . : —
LPSDFWV RI PRRGVY FRQVWLWXH QWECQFQ’ '}ﬁﬁrﬁ‘e ‘%’Pﬁﬁ“ﬁﬁr?f‘\'}‘?ﬁve %%915‘9“0”'
which creativity emerges. To gport our arguments we Ex;o?n2§7o(;0()69§0£n3%%[]§gl process mogegn.
have developed predictions that offer a new perspective on ' ' '

inconsistencies found in previous work, and point towards15.Siemer, M. Mood experience: Impdiions of a

some new directions for research on the relationship dispositional theory of mood&mot. Rev. 13 (2009),
between mood and creativity. Future research is required to 256-263.

as®ss the accuracy of the developed predictions.
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This research explores the effects of physical interactions designed on the basis of
motor expressions to support creative ideation in creativity support tec hnologies.
The presented research looks into the effects on creative ideation of incompatibility
between motor expressions and problem situations, and appraisals of
(un)pleasantness. We report the results of a preliminary study which suggests that
affectiv e incompatibility between a problem situation and a motor expression benefits
creative ideation, and that pleasantness motor expressions enhance task enjoyment,
which in turn leads to a beneficial effect on the originality of ideas generated. Based

on thes e results, we conclude with two new directions for the design of physical

interactions with novel creativity support technologies.

Affective Computing, Cognitive Appraisal Theory, Creativity Support, Ideation, Embodied Interaction

1. INTRODUCTION

Affect is known to exert a strong influence on
creative performance (Baas et al. 2008). This
provides an opportunity for the development of
interactive technologies that support creativity
using affect as a mediator. However, to utilize this
link between affect and creativity, we need to
develop an interactive technology that can
influence affect. We argue that this technology can
be developed from the use of motor expressions to
design physical interactions for creativity support
technologies. It is this opportunity that will be
explored in this paper.

Motor expressions are the physical actions that are
elicited by an affective process, such as facial
expressions, postures, and gestures (Eligring &
Scherer 2007a, 2007b). Performing motor
expressions has been shown to influence affect
(Price et al. 2012). This could in turn influence
creative performance (cf. Friedman & Forster
2002). Interactive technologies increasingly rely on
physical interactions, such as gestures and
postures, as a direct and natural way to facilitate
interaction between man and machine (cf. Isbister
2011). Considering these two observations, motor
expressions are an interesting option for the design
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of physical interactions for novel affective creativity
support technologies.

We envision that the integration of motor
expressions into physical interactions can offer HCI
designers novel tools to develop technologies that
can exert an influence on creative performance.
For instance, creativity enhancing gestures could
be used as a means to record ideas during an idea
generation session. This would then benefit
creative performance during that idea generation
session.

However, before we can move towards such
applications it is important to investigate how motor
expressions influence creative performance. We
have identified two relevant lines of research from
the psychological sciences, which link creative
performance to the incompatibility between a motor
expression and the affective nature of a situation,
and to the effects of specific appraisals related to
pleasantness. The  work reported here
experimentally explores these two lines of research
with a focus on creative ideation.

In the remainder of this paper, we first provide an
overview of the relationship between motor
expressions and affect, and then consider the
relationships between motor expressions and
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creativity identified in the above two lines of
research. This leads to the development of two
hypotheses about the way in which motor
expressions can influence creative ideation. In
sections 4 and 5 we describe an experiment
conducted in order to investigate these hypotheses.
Finally, we discuss the implications of our results
for the design of physical interactions for novel
affective creativity support technologies.

2. MOTOR EXPRESSIONS AND AFFECT

We smile when we are happy, and slump our
posture when we are sad. Cognitive appraisal
processes, i.e. the processes from which emotions
emerge, often elicit motor expressions (Ellgring &
Scherer  2007a, 2007b). However, motor
expressions themselves provide a context in which
new events can be interpreted (for reviews, see
Price et al. 2012, Reimann e al. 2012). In other
words, motor expressions influence how events are
interpreted by eliciting a tendency to appraise
events in the same way as the appraisal that
elicited (or typically elicits) that motor expression.

Figure 1: A. Affective coherence, the expressions
elicited by an appraisal also help elicit that appraisal. B.
Affective incoherence, motor expressions incompatible

with the appraisal do not do this.

This reciprocal relationship implies that motor
expressions help stabilize an appraisal tendency
over time by providing positive feedback to the
appraisal that elicited that motor expression (figure
1A). For example, smiling occurs when something
pleasant happens, but smiling in turn also positively
influences the way we appraise other events. This
helps to sustain a pleasant outlook on subsequent
events. There is also some empirical evidence to
support this. Neumann and Strack (2000) found
that pulling a lever towards you increases the
speed with which people evaluate positive
information, and pushing a lever away from you
increases  evaluation speed for negative
information. However, where there is
incompatibility, for example, if you push a lever
away from you while evaluating positive
information, the speed at which you can evaluate
that information is reduced. Centerbar et al. (2008)
evidenced that the compatibility, as opposed to the
incompatibility, between the affective nature of a
story and posed motor expressions (including
smiling, frowning, arm flexion and arm extension)
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benefits recall from short-term memory for
affectively congruent information present in that
story. Soussignan (2002) found that when people
produce a smile while looking at pleasant scenes or
funny cartoons, they rate the scenes and cartoons
as more pleasant and funnier than when they keep
their lips pressed down. The motor expressions in
these exemplary works are all typically elicited by
appraising an event as pleasant (cf. Eligring &
Scherer 2007a, 2007b) and the evidence provided
by these studies shows how motor expressions
bias processing towards congruent information. If
stabilization occurs and sustains, this is what we
typically call affect, and when multiple appraisals
stabilize in response to an event, this is what we
typically call an emotion (Lewis 1996).

3. MOTOR EXPRESSIONS AND CREATIVITY
Affect has been linked to creative performance in
diverse ways (Baas et al. 2008). However, little
research is available on the relationship between
motor expressions and creativity, as mediated by
affect. We have identified two potential lines of
research that can help explain this relationship
concerning: 1) affective incompatibility, and 2)
affective compatibility for specific creativity-relevant
appraisals, such as pleasantness.

3.1 Affective incompatibility

If a motor expression is incompatible with an
appraisal process, e.g. when we are made to frown
while we appraise an event as pleasant, this breaks
the positive feedback loop and overall tendency to
appraise new events in a congruent way (Figure
1B). This limits the speed with which affective
information is processed (Neumann & Strack
2000), and impairs memory recall for affective
events (Centerbar et al. 2008). However, this also
removes the bias towards an appraisal that is
needed to stabilize a particular appraisal (cf. figure

$ ZKLFK HVVHQWLDOO\ EURDGHQV

processes (cf. figure 1B). In line with this
assumption, Huang and Galinsky (2011) found that
incompatibility between motor expressions and a
variety of affective concepts increase the
unusualness of associations in a categorization
task. We suspect that this may benefit performance
on creative ideation, which typically benefits from
the generation of many, and diverse ideas (Isaksen
et al. 2011). This leads to our first hypothesis.

Hypothesis 1: Incompatibility between a motor
expression and the affective nature of a creative
situation benefits performance on creative ideation.

3.2 Pleasantness expr essions
Compatibility of a motor expression with an

affective event can however also benefit creative
ideation, not through the process of reaching
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stability itself, but by the adaptive effects the
stabilization of specific appraisal encourages. We
have previously argued that some appraisal
processes are responsible for creative performance
due to their role in moods and emotions (De Rooij
& Jones 2013). It is likely that the same holds for
the relationship between appraisal processes and
motor expressions. In  particular, appraisal
processes of intrinsic (un)pleasantness and goal-
congruence seem to enhance performance in
creative ideation (Baas et al. 2008). These
processes are often subsumed under the general
appraisal of pleasantness (cf. Scherer 2009).
Tendencies to appraise events as pleasant are
associated with a more extensive memory search
with the adaptive goal to incorporate information.
These effects are known to carry over into
increased creativity (Fernandez-Abascal & Martin
Diaz 2013) through increased originality (Friedman
& Forster 2002), and under specific embodied
conditions into increased cognitive flexibility (Price
& Harmon-Jones 2010), the latter two being classic
indicators of performance in creative ideation
(Guilford 1967). This leads to our second
hypothesis.

Hypothesis 2: Motor expressions associated with
appraisals of pleasantness benefit performance on
creative ideation.

4. EXPERIMENTAL STUDY OF MOTOR
EXPRESSIONS AND CREATIVITY

To test the two hypotheses above, we conducted a
small experiment. We used a 2 (motor expression:
pleasant vs. unpleasant) x 2 (problem situation:
pleasant vs. unpleasant) between subjects full
factorial design. Dependent variables were fluency,
flexibility, and originality as indicators of creative
ideation (Guilford 1967), task enjoyment (Akhbari
Chermahini & Hommel 2011) and activation (Baas
et al. 2008) as potential affective mediators of
creative performance, expression effort as a
potential external source of variation (cf. Friedman
& Forster 2002), and a check for the
(un)pleasantness associated with the given
problem situations. The experimenter was blind to
the conditions.

4.1 Participants

A total of 32 participants (18 females, 14 males)
responded to an advertisement offering a bar of
chocolate and an interesting learning experience in
HIFKDQJH RI PLOQXWHYV RI
ages ranged from 23 to 51 with a mean of 32, and
a standard deviation of 7.2; the majority of the
participants were students and employees of City

WKHLU
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University London, London, United Kingdom.
Participants were randomly assigned to the

conditions. Two participants were excluded from

WKH VDPSOH IRU IDLOLQJ WR H[HFXW
instructions.

4.2 Procedure

On arrival, participants were seated, handed an
overview of the exSHULPHQWY{V SURFHGXL
subsequently signed informed consent. Instructions
were given for poses that were characteristic of
motor expression responses to unpleasant or
pleasant events. Unpleasantness was expressed
by lowered eye brows, arm extension, and a
slightly shrunken and tense posture, and
pleasantness was expressed by smiling, arm
flexion, and a relaxed and open posture.
Participants were asked to keep this pose
throughout the experiment. Expressions were
modelled after the findings by Ellgring & Scherer
(2007a, 2007b) and Friedman & Forster (2002).

Next, participants were handed instructions for an
idea generation session. Participants were asked to
imagine themselves in a pleasant or an unpleasant
problem situation. That is, they were either asked
to imagine themselves in a situation where they
encountered someone they found attractive, and
their goal was to attract that person, or in a
situation where they encountered someone they
found repulsive, and their goal was to get rid of that
person. After the imagination procedure,
participants were asked to come up with, and write
down, as many ideas as they could in response to
the given problem situation within 5 minutes
(timed).

Directly following the idea generation session the
participants were handed a survey. The
(un)pleasantness of the problem situation was

rated on a scale of 1, very unpleasant, to 8, very
SOHDVDQW 3+RZ XQ SOHDVDQW GR
LPDJLQHG SUREOHP VLWXDWLRQ"’ 7
to pose the instructed motor expressions was rated
RQ D VFDOH RI QR HIIRUW WR
effortful was it for you to keep your body in the
LQVWUXFWHG SRVH"’ 7DVN HQMR\PH!

Y I

YHU\ XQSOHDVDQW WR YHU\ SOl
experience the idea (generation task as
(un)plHDVDQW"” $FWLYDWLRQ OHYHO Z
WLUHG WR OLYHO\ 3+RZ GR \RX Il

Following completion of the survey that contained
iNds® HuesBiant) WdrticlpSnis Qnard/ fiebriefed and
sent on their way.

4.3 Indicators of creative performance












































































































