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Valence and arousal .

Abstract
Affect is basicto many if notall psychological phenomena. This article examines two of the
most fundamentgropertiesof affectiveexperiencévalence and arousalsking how the two
are related to each other on a moment to moment basis. Over the past sentistmnct
types ofrelatiors have beersuggestear implicitly presupposed in the literatuie
critically review the avadble evidence for each proposal and argue that the evidence does not
provide a conclusive answédext,we use statisticalmodelingto verify the different
proposalsn eight data setsyjth Ns rangng from 80 to 1417where participants reported
their affective experiencan response to experimental stimuli in laboratory settorgs
momentary or remembered in natural settivge formulate three key conclusions about the
relationbetween valence and aroudal} on averagethere isa weakbut consistat V-shaped
relationof arousal as a function of valenteit, (b) there islarge variation at thandividual
level, so that (c) valence and arousal can in principle sheariaty ofrelatiors depending on
person or circumstances stimg doubt on the existenceastatic, lawful relation betwedhe
two. Themeaningfulness of the observed individual differencssiiportedy their
personality and cultural correlatd@$he malleability and individual differences found in the
structue of affect must be taken into account when studying affect and its role in other

psychological phenomena.
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The relation between valence and arousal in subjective experience

Affect as subjectively experienced in emotions, moods, and other feelings is a central

aspectofmindAs early as 1897, Wil helm Wundt wrote

state entirely freefrome el i ngo (189 7/ hbnekedtal states, inQueling, s uch

thoughs and perceptios) are infused with affect (for similar ideas, see Spencer, 1855; Sully,
1892). Since thengsearchas shown that affect is important to diverse psychological
pheromenaranging fromattitudes (e.g., Cacioppo & Berntson, 1994; Eagly & Chaiken, 1998;
Ito & Cacioppo, 2001)o well-being (e.g., Davidson, 2004; Davidson, 2000; Davidson,
Pizzigalli, Nitschke, & Putnam, 2002) afrdm basic processes such as memory and
perception(e.g., Cahill & McGaugh, 1998; Kensinger & Schacter, 2008; Phelps; 2006
Phelps, Ling, & Carrasco, 2006; Vuilleumier, 2D@ higher order processes suchrasral
judgments of right and wrong (e.g., Gree®emmerville, Nystrom, Darley, & Cohen, 2001,
Haidt, 2001) And, of course, affect is central to emotions and moods (Barrett, Mesquita,
Ochsner, & Gross, 2007; Clore & Ortony, 2008; Russell, 2003). If affect is indeed such a
central aspect of the mind, thgaestions about its nature and structure are relevant for almost
any research top@ndtouch atthe core of psychologyn the preserdrticle,we addresa
fundamentabut neglectedjuestionabout affectasking howtwo of its basicdimension8
valence ad arousa are related to one anotharsubjective experience
Valence and Arousal

Wundt (1912/1924) was among the first psychologists to argue that affective
experiences involve at least two properties: valence (ranging from feeling pleasant to
unpleaant) and arousal (ranging from feeling quiet to active). Since Wundt, there have been
other proposals on what constitutes the fundameitansionf affect. These proposals
vary in several respects, such as the numbémaénsionsand their exadabding (e.g.,

Barrett & Russell, 1999; Fontaine, Scherer, Roesch, & Ellsworth, 2007; Lang, 1995; Larsen &

t
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Diener, 1992; Osgood, May, & Mirron, 1975; Reisenzein, 1994; Russell, 1980, Schlosberg,
1952; Thayer, 1989; Watson & Tellegen, 1985), but they all cgevie terms of identifying
valence and arousal (or some combination thereof) as fundamental to the nature of affect
(Carroll, Yik, Russell, & Barrett, 1999 this article, we focus on valence and arousal, not
necessarily as the only dimensi@isffed, but as fundamental to the description of affect.
Of course, both valence and arousal have their underlying physiologica¢hadoral
correlates, but our interest here is limited to the level of subjective expeMgaeexamine
selfrepors of affectas the currently most feasible way to access subjective experience and
leave for the future analysis of other measures.

Several fundamental questions can be asked aboutttih@peopertiesof affect. One
guestion is whether valence is best conceptuadseahe bipolar dimension or as two
separate dimensions; theory and research on this question has made considerable progress
(Cacioppo, Gardner, & Berntson, 1999; Larsen & McGr20,]; Larsen, To, & Fireman,
2007;Russell & Carroll, 1999; Watson, Wieseaidya, & Tellegen, 1999)A similar
guestion can be raised abeutetherarousals best conceptualized ase dimension or two
(Thayer, 1989)Here we focus on an issue that is equally fundamental but on which less
progress has been made and on whidle lionsensus existslow are valence and arousal
related to each otheEPes arousal provide or reflect the intensity of valerae?he two
related in a notinear (V-shaped or inverted shaped) way?r do valence and arousal
constitute independentfloences on other psychological phenomelfi@alence is related to
arousal, how strong is that relationfe scientific literature currently lackgreement on
whether arousal is a property that is independent of valence or whether the two are related in
some waylndeed, these questions are rarely raised.

Clarifying the nature of theelationbetween valence and arousal is fundamental to

understanding the nature and role of affect, for various reasonsene, how valence and
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arousal are relatad eachotherhas direct implications for how affect can be studied
empirically. For instance, if arousal reflects the intensity of positive and negative valence, it
would be difficult to measure or manipulate the two independestigh an observation
would be elevant to the interpretation (or reinterpretation) of hundreds of psychology
experiments.

Second, theelationbetween valence and arousal in subjective experdeicees
from thefundamentabrganizatiorof the human affective syste If their relationin
subjective experience is fixed, then thelationis evidence o& universalinderlying
architecture If, on the other hand, threlationbetween valence and arousamalleable and
varieswith other factorsthen the two dimensiom® not, n any given instance, represent
their specific underlying natur€or example, within the broader affective workspace in the
brain, which includes, for example, the amygdala, ventral striatum, orbitofrontal cortex, and
the anterior insula (Barrett & Blidgloreau, 2009), researchers have tried to localize valence
to certain brain regions (e.g., orbitofrontal cortex) and arousal to others (e.g., the amygdala),
but results have been inconsistent across studies, and eveanaltic studies show
variability (e.g., Kringelbach & Rolls, 2004; Lindquist, Wager, Kober, BNMsreau, &
Barrett, in press; Posner et al., 2009; Wager et al., 2008;). Any variability in the relation
between experienced valence and arousal across individuals might help explain this
incorsistency across studies and allow for more targeted hypotheses in cognitive and affective
neuroscience.

Furthermore, such variability, if it exists, would have its own implications for the
interpretation of data. For example, there is fair consensuarthagal is a ¥shaped function
of valence in the domain of affective ratings of visual scenes (Lang, 1994). ligshapéd
relation is found to be inherent in the arouwsakence relation generally, then its occurrence in

visual scenes can be explainedthg nature of affect. If, on the other hand, thehépe is
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unique to visual scenes, then it occurrence will require a different type of explanation, perhaps
something about the sample of scenes or about visual perception.

Third, shouldthe valencearousl relationvaries across individualthenthar role in
emotional expeences and moods mayary across individuals as wella principle that
would help us understand the variabildfhumanemotional experienceoregenerally(e.qg.,
Barrett, 2009Kuppens, 2008 Furthermorethe relation between valence and arousal
determines how affect can contribute to health, psychopathology, memory, attention,
perception, decision making, or any other psychological dormaleed, any systematic
valencearousatelation implies that valence may not affect other phenomena independent of
arousal, and vice versagain, individual variation in the valen@rousakelationimplies that
accounts of how affect contributes to other psychological phenostendd takelte shape
and distribution of this variation into account

Psychology needs a systematic, comprehensive, and empirical answer to the question
of therelationbetween valence and arousal. The aim of the present article is to make progress
on this frontWefirst reviewthe various conflictinguggestionsproposalsand
presuppositions on the relation between valence and arousal.pdssgalitiesco-exist in
the psychological literaturgpmetimes in different domainsymetimes with napparent
awarenessf the existence of one anoth@/e critically review the available evidence for
each proposal and argue that the evidence does not provide a conclusive answer, especially
across domain®n both the aggregate (nomothetic) level and the individual (igdbg)
level. As we will explain,one reason for uncertainty on these questions is that the magnitude
of any relation has not been emphasized. A seceesbn is that some of the evidence relied
on overlysimplestatistical models. Therefore, wall applystatistical methodsapable of
analying both new and existing data in a way that allows a more comprehensive and

systematic exploration of threlationbetween valence and arousal.
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PossibleRelations between Valence and Arousal

To be as inclusive as possibles outlinesix differentpossibilities on theelation
between valence and arousal Figure 1 presents an overview of thésersirstfive,
arousal ixpressed as function of valence; in the sixth, valence is a fiomcof arousal.
Independence

Several theoretical models of affect assume that valence and arousdkegendent
of one another (Figure 1a) (e.g., Barrett & Russell, 1999; Carveh&i&, 1990; Larsen &
Diener, 1992; Reisenzein, 1994; Russell, 198@kordindy, valence and arousal are
depictedgeometricallyas orthogonal dimensions. Thus, one can feel pleasantly activated
(e.g., excited), pleasantly deactivated (calm), unpleasantly activated (distressed)
unpleasantly deactivated (tired). How pleatsone is feeling gives no information about how
activated one is feeling and vice versa. Specifically, the intensity or extremity of positive and
negative feelings isot given by (indeed, is independent of) arousal. One can feel intensely or
extremely alm or tired. One can feel extremely activated but be neutral on valence (as in
certain cases of surprise before it is known whether the surprise is positive or negative).

Independence of valence and arousaftsn assumeith selfreport questionnaire
measures of affect (e.g. Larsen & Diener, 1992; Mehrabian & Russell, 1974; Russell, Weiss,
& Mendelsohn, 1989)T'he assumption ahdependencwas seen as supportey nearzero
correlations betweete two measures or by thiedf orthogonal factor models or
multidimensional scaling solutions to various data sets, includingegmfted mood or
feeling(Feldman, 1995a; Kuppens, Van Mechelen, Nezlek, Dossche, & Timmermans; 2008;
Mehrabian & Russell 1974; Russell, 1980; Thag867, 1989, 1996; YilkRRussell, & Barrett
1999) judged similarities among affect words (Barrett & Fossum, 2B0%h, 1973;),
semantic differential ratings of wordawerill, 1975; Osgood, 1969), and analyses of facial

and vocal expressions of emotiang.,Bullock & Russell, 1986Pittam & Scherer, 1993;
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Schlosberg, 19540r overviews, see, e.g., Barrett & Russell, 1999; Larsen & Diener, 1992;
Reisenzein, 1994Watson and Tellegen (1985) offered a consensual structure of mood by re
analying correlatonal structures available at that tirddthough Watson and Tellegen
emphasized the concepts of Positive and Negative Affect (now called Positive and Negative
Activation; Watson, et al., 1999) and called theirs a structure of mood, their full structural
model contained the dimensions of valence (pleasapleasant) and activation (which they
termed engagement) depicted as orthogonal to one another (see Figure 1 on page 221, Watson
& Tellegen, 1985). Moreover, their proposed structure of mood holds forife@gs fAr i ght
(Watson & Clark, 1997) and therefore is relevant to what we are calling affect.
A Positive Linear Relation

Althoughwe know of no formal, empirically supported model vitie assumptiorof
a positive linear relatigriheoristsn Westernpsychology sometimesonsiderarousal to
covary positively with valencén a simplified version of this ideaalence equals arousal
(Figure 1b)In thisview, the affective spectrums seen asnedimension ranging from
sadness (negative valence, low arousal) to happiness (positive valence, high arousal) (e.g.,
Pettinelli, 2008). This assumption may have its roots in the docum@érgstrnpreference
for highly arougd positive affect (Tsai, Knutsei& Fung, 2006)In a milder version of this
idea, the prototype of a positive feeling is excitement (that is, pleasure accompanied by high
arousal) and its opposite is sadness and gloom (that is, displeasure accompanied by low
arousal).
A Negative Linear Relation

Converselyanotherperspectivesuggests the assumptitirat valence varies inversely
with arousal Again, acultural preferencé in this case, Asiar for low arousal positive
affect (Tsai, et al., 2006hay give rise to the view thatlencenegatively covaries with

arousal(Figure 1c) In the extreme version of this viewalence and arousal reduce to a
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single dimension, a spectrum rangfngm a calm, relaxed, serene feeling at one end to a
tense distressed feeling at the other. Sucbgaive relation between valence and arousal can
al so be inferred from FreudO6s (frofthenbtibr@57) wr
that pleasure results from tension reduction. According to Freud, negative emotions are
manifest in high levels of teim and anxiety, and positive emotions in their absdiagy
learning theories in which reward was equated with drive redustiggessimilar ideas
(Hull, 1943; Miller & Dollard, 1941).
A V-ShapedRelation

A fourth proposal is that valence and arouaké on a/-shapedelation. According
to this proposal, as graphed in Figure 1d, arousal equals the intensity or extremity of positive
and negative valence. Thesiggestiorhas its roots in psychobiological theories of motivation
and personality (e.gDepue & lacono, 1989; Elliot & Thrash, 2002; Fowles, 1987; Gray,
1987, 1990Konorski, 1967) in which what is felt and reported as arousal reflects the level of
activity of two independent subsystems, one a positive appetitive subsystem and the other a
negative aversive subsystem (Carver & White, 1994; Lang, Bradley, & Cuthbert, 1992, 1998;
Watson & Tellegen, 1985; Watsaeat,al, 1999).Oneversion of this proposavas formulated
astwo different types of arousal, one positive and the other negativeTleayer, 1989). In
another version, the assumption is that the stronger the appetitive/positive subsystem or the
aversive/negative subsystem is activated, the more energy (reflected in arousal) is mobilized
to cope with the environmental demands. Convegr$alver levels of activation of either
subsystem results in lower levels of energy.

With or without this psychobiological bassymetheoristshypothesizing a shaped
relationassume that arousal reflects the intensity of pleasure or displeasural(arous
intensity) (e.g., Duffy, 1957; Mandler, 1984; Schachter & Singer, 1962; Schlosberg, 1954).

For instance, Clore, Ortony, and Foss (1987)
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intensityo (p. 752), and L atangity diie@stod (perhnapso t e,
the same as Frijdads 19d8e6i tihnepracpto)s.i tlitv ea|lowa ynst
(p. 75). The oOarousal = -shapeddumdionofyigurelld.p ot he s
Considerable evidender a V-shapedelationi n p esulpektigedffect has been
of fered by Lang, Bradl ey, and coll eagues 1in
averaged data on arousal and valence ratings
such as the International Affeat Picture System (IAPS) (e.g., Bradley & Lang, 2007; Lang,
1995; Lang, et al., 1992; 1998). Similar findings were obtained in response to other mood
induction methods (Jennings, McGinnis, Lovejoy, & Stirling, 2000) and with physiological
indices of arousl and valence (e.g., Bernat, Patrick, Benning, & Tellegen, 2006; Bradley,
Codispoti, Cuthbert, & Lang, 2001; Greenwald, Cook, & Lang, 1989).
An Asymmetrical V-shapedRelation
In their Evaluative Space btlel, Cacioppo Berntsorand GardnefCacioppo &
Berntson, 1994Cacioppo, Berntson, Norris, & Gollan, 20Xacioppo & Gardner, 1999;
Cacioppo, Gardner & Berntson, 1997, 198®)orizedthatpositive and negative valence are
separate, potentially independeénnensionsAlthough hese authorslid not directly take up
the relatiorbetweervalenceandarousal their model has the heuristic value of suggesting one
possibility. Usingactivationas aproxy for arousale.g., Ito & Cacioppo, 2005; Ito et al,
1998), the Evaluative Space Modelggestd to us the possibility thabsitive and negative
valence covary differentlwith equal levels of their respective input or activati@sulting in
asymmetryin the relation between valence and arouBaé empirical standing of this
suggestiordoes noaffectthe empirical standing of the Evaluative Space Mpeelse, but it
does allow us to test additional valerameusal relations that are implied in the literature
A first instance of this asymmetry (callpdsitivity offset)s that higher levelsfo

positive affect are generated at low levels of input or activation compared to levels of negative
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affect. The adaptive significance of this offset is that it motivates the organism to approach
novel stimuli and environments, enabling it to learn andazgpl

The second asymmetry (calledgativity bias)s that negative valence is more
reactive than positive valence, such that increasing activation pratiocesegative affect
compared the positive affect. Put simply, negative is stronger than poBaivméister,
Bratslavsky, Finkenauer, & Vohs, 20(Heeters & Capzinsky, 1990; Taylor, 1991). The
underlying rationale is thathile positive opportunities maygaire less immediate action,
negative eventare associated wittigher levels of energy to enable the organism to deal
immediately with the environmental or social threats posed (Cacioppo & Gardner, 1999;
Frederickson, 2001Evidence for positivity offseand negativity bias is based on a higher
intercept and less steep slope for the positive compared to negaitatian function in
studies on peoplebdbs affective responses to
& Lang, 1998).

This specfic asymmetrical Vshapedelation between valence and arousal
subjective experiends graphically displayed in Figure 1e. In this figure, positivity offset is
represented by the discontinuous shift at zero valencenegativity bias is representadthe
steeper slope for negative than for positive valence.
Valence as a Function of Arousal

Valence can also be considered as a function of arousal, as is done in some theoretical
viewpoints. Whereas proposals of independence and lieksiors are i@ntical from such a
viewpoint,this viewpoint does offer one unique account of the valangesakelation The
theory of optimal arousal (Hebb, 1955; Yerkes & Dodson, 1902) posits that an organism
functions optimally at medium levels of arousal. Thitigesuggests that affect is most
pleasant at medium levels of arousal and becomes more unpleasant as arousal deviates from

the optimal medium level. Berlyne (1960), for example, offered evidence that the pleasantness
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of stimuli is maximized at an intermexdie level of arousal. This position posits an inverted V
shapeelationwhen valence is considered a function of arousal (Figure 1f).
A Critical Evaluation of the Available Empirical Evidence

Conflicting possibleaccounts of theelationbetweenvalenceandarousalkontinue to
co-existin the published literatudeecausehe availableevidence for each account has not
been considered definitive may bedomainspecific And, indeed, that evidence can be
faulted on a number of grounds.

First, he proposkof valencearousaindependence rests orz@roassociation
obtained with correlational techniques such as-peder correlations, factor analyses, or
regression analyse¥et, a correlatiorcoefficientmeasures the strength only of a linear
relation. Acorrelation of zero does not imply independence because it is consistent with
various noHdinear dependencies (such as the proposstapedelation.

Indeed,in several studiescatter plots of raw data suggested a boomerang ahdpe
support for a Wshaped relationVisual inspection of the scatter plot waftencomplemated
by computing the valenearousal correlation or slope separately for positive valence and
negative valence, or by testing the significance of the quadratic component in predicting
arousal from valence (e.g., Bradley, Cuthbert, & Lang, 1990; Cuthbrad|ey, & Lang,
1996). Although such techniques provided support for the hypothesizsadpédelation
they do not allova firm conclusion on whethehe V-shapgor anotheshapgis indeed the
best way to capture the dafdhese analyses compare thahape to only a null hypothesis,
rather than to othgrlausble alternatives. What is needed are statistical comparisons of the
various alternatives modeled with flexible assumptions and with appropriate assessment of
their fit.

Second, many of the studjesspecially those offered as support for a-ioear

relation examined valence and arousal responses to-#fithating stimuli (such as the IAPS
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pictures).Of course, standardized stimulus sets and studies of responses to them are extremely
useful Noretheless, for the topic of this article, these studies are not sufficient because the
are limited to one single domaing(, responses tetatic,visualimages$, and theelation
between valence and arousal within the persag beconfounded with the tation between
valence and arousal within the stimulus set. Thus, the apparent relation of arousal to valence
might have resulted from the people respondiintpe stimulior froman oversampling ofthe
valencearousal space in certain regions and an uedmpling in othersand there is no
straightforward way to separdteese two alternativesPut differently, suppose that valence
and arousal are completely independerthe psychology of the individu@lt that, simply
due to samplinghelAPS stimuus setincludes many pictures that elicit high arousal pleasant
reactions, high arousal unpleasant reactions and low arceigahl valence reactions, but
relatively few pictures that elicit high arousal neutral valence reactions, low arousal pleasant
reactions, or low arousal unpleasant reactions. Itrem a \{shaped relation will be found
because of stimulus samplinbhus, we cannot discount the possibility that the resulting V
shapedepictsthe valence and arousal distribution of the pictures thkm@s, rather than
informing us of the organizati omnothdr peopl eds
possibility is that the Mshaped relation is more general than the set of visual stimuli, but still
restricted to immediate reactions to the presemtaif salient stimu] but not to momentary
states that occur in the absence of such stimulafiberefore, we needaverging evidence
from a variety ofadditionalandbalanced types of stimyknd from a variety of momentary
states that do not necessarily include salient stimulalong withappropriate statistical
modeling to provide a complete test of thelatiors between valence and arousageneral

Third, a problematic issue commanhioth correlational and experimental studies is
that valence and arousal must of course be meadtetiere focus oself-report scales used

to measure subjective experien¥erbal scales have their own pitfalteat make it difficult to
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test the valeresarousal relationScales that confoundalence with arousadroduce relations
built into the scales. For example, Watson
PANAS were designed to assess mixtures of valence and arousal. Their PA scale was
desgned to assess the combination of positive valence and high arousal. Their NA scale was
designed to assess the combination of negative valence and high aoused subtle
version of the same problem is that response scales may sometimes impligégtsug
relationbetween valence and arousal. Such a suggestion would occur when, for example,
positive affect is assessed with items sucardBusedcindcheerful whereas negative affect is
assessed with items suchsaslanddepressed Such items poirtb the further problem that
individual differences may occur in the interpretation of particular items rather than in
subjective experiences the items are meant to assess. Needed is convergence of conclusions
from many different scales, especially ones thepid presupposing a specifeation
between valence and arousal.

Fourth, another problematic issue common to both the available correlational and
experimental studies is that they were typically conducted in a laboratory setting which can
lack the social complexity and ambiguitiesdaily life. Variance inaffectcan te greatly

restricted if everyone is sitting for an houraitab ora classroom completing a questionnaire.

Greater ecological wvalidity can be achieved

in real life circumstances, outside the confined sjp@eelaboratory room. Although previous
research has examined valence and arousal in daily life (e.g., Barrett, 1998; 2004; Feldman,
199%; Kuppens, 2008; Kuppens, et al., 2007; Kuppens, TwkKjr& Oravecz201Q
Nezlek, 2005), it has not explicitly fased on theelationbetween valence and arousal, or
did not look beyond merely lineeelatiors.

Finally, and most importantly, most previous research has examinesldahen

between valence and arousal at the nomothetic level (that is, on average pacsons or

a
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stimuli) and used it to address proposals framed at the idiographic level (that is, processes
within the individual). Yetrelatiors at the nomothetic level need moincide withthose at
the idiographic level. In factelatiors within andoetween persons rarely coincide (Molenaar
& Campbell, 2009; Snijders & Boske&2011). The mistaken inference of the idiographic from
the nomothetic has been named the finomot het.i
fall acyfi( RoNuchottiteavailable 8vidénge.addresses the nomothetic level and
tells us very little about how valence and arousal are related at the level of the individual. Yet,
it is precisely this level that matters most, since affect has implications for other psychological
phenomenauch aemotion, judgment, perceptiocandmemory, only at this leveDur
concern here can be addressed through multilevel statistical models that incorporate both a
nomothetic (i.e. population) structure and idiographic variations in the notieattrecture
(i.e., individual differencemodeledas random effects).

Idiographic Variation Around a Weak V -ShapedRelation?

Although far from definitive, the available evidence leads us to offer three hypotheses
about the relation between valence aralisal. First, at the nomothetic level, the weight of
current evidence suggests thatreasing either pleasure or displeasure is accompanied by
increasing arousal, resulting in asiapedelation The many studies advanced as evidence
for independence beten valence and arousal provide no evidence againsthapéed
relation because, as we said, the correlational methods used do not speak for or against non
linear relations. On other grounds, it is plausible to suppose that increasing valence, either in a
positive or a negative direction, mobilizes energy resources, which are then experienced as the
affective feeling of arousal.

Second, however, we immediately qualify this hypothesis: the nomothstiaped
relationis not a strong one, and so arousairt be equated with the intensity or extremity of

valence. Achangewalence s only one of many factors that



Valence and arousal 16

mobilization (consider immune responses, hormone changes, dungslative hassles and
uplifts of the pastandthe like) and hence the subjective experience of arousal. The available
evidence also suggests a wealation The scatter plots that show a boomerahgped
distribution (e.g., Figure 1 on p. 374 in Lang, 1995) show considerable variation around that
shape. Moreover, the strict arousal = intensity hypothesis makes three counterintuitive
predictions that can been in the empty places left by thesWaped function within Figure
1d. First, it predicts that states of high pleasure but low activatoorot occur Yet,
intuitively, serenity and relaxation are just such states. Second, it predicts that intensely
unpleasant low activation statde not occur. Yet, intuitively, depression, fatigue, and
boredom are such states. Third, it predicts that neutratiplgmildly valenced states of high
activationdo not occur. Yet, intuitively, the high arousal state opsge exists and can be
slightly pleasant, slightly unpleasant, or neutral in valence. We therefore pghedittteV-
shapedelationbetween valence and arousal at the nomothetic ievetak and probabilistic
By this prediction we mean that increasj pleasure or increasing displeasure will on average
more likely be experienced in combination with higher arousal alodtthe following is our
second propositiah in principle all possible combinations of valence and arousal can occur.
Our third hypohesis is that theelationbetween valence and arousal shows wide
variation at the idiographic levahd that individual differences in thislationare
meaningful Different sources of evidence point to langeividual differences ithe structure
of affect at the individual level (Barrett, 2009; Kuppens, Stouten, & Mesquita, 2009the
establishment of the meaning of stable patterns is just begiRomgxamplepne reason that
individualsdiffer in their typical relation of valence to arousalhattthey differ irhow much
they focus on valence versus the arousal aspects of their feelings (Feldman, 1995b).
Differences invalencefocusand arousdiocus, in turnyelate to a host of other psychological

variables, such as neuroticism, extraversseti;esteem lability, and interoceptive sensitivity.
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Furthermorein studies that examined simply thessible linearelatiors between valence
and arousaldifferent individuals were found to display wide variability in that linedation
ranging froma strongly negative through zero to a strongly posr@a&tion with this
variability reliably related to individual differences in reward responsiveness (Kuppens,
2008).Individuals also show substantial variation in the level of positivity offset and
negativity bias in their affective responses (Ito & Cacioppo, 2005). Finally and more
generally, research and theory on the relation of emotion to personality abound with
emotional traits thaduggestndividual differences in the habitual experience otcdpe
combinations of valence and arousal, sucheasoticism and extraversion (Larsen &
Ketelaar, 1991)positive and negative activation (Watson & Tellegen, 1985), trait depression
(Radloff, 1977), trait anxiety and trait anger (Spielberger & Sydent®id)1Behavioral
Activation and Inhibition (Carver & White, 1994), regulatory focus (Higgins, Shah, &
Friedman, 1997), and so forth. Any idiographic combination of such traits in principle
predicts a different withiperson valence and arousalation In all, the evidence strongly
suggests large differences in the valeasmusarelationat the idiographic level, depending
on a personds | earning and reinforcement his
forth. Indeed, at this stage, we see natlbimthe form that thiselationcan take for a
particular individual.
Overview of PresentStudies

We compileceightdata sets that provide information on valence and arousal in
subjective experienc8ecause, as we argued, the type of stimuli or context can shape this
relation we looledfor converging evidence for a particutatationin dataon affective
responses to a variety experimental stimuli (sudh@APS image sebut also to explicitly
balancedand toambiguous stimuli) as well as data on naturally occurring affect as currently

experienced or remembered. In the same vein, we exdwulta obtained using a variety of
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different response scalaad emotion term&Ve examind data that allova nomothetic
analysis in Study,landdata that allow idiographic analysis in Study 2. Table 1 provides
details of each study.

For each dataset, we tested alternative mathematical nxededd orthe different
theoreticapossibilitiesillustrated in Figire 1 Each data set wasalyedby means of a
series of theoretically informed statistical models that express arousal as a function of valence
and a series of models that express valence as a function of arousal. For each, we also
included an additional neparametric model that doestrmake any assumption about the
shape of theelationbetween valence and arousgecifically, whemmodelingarousal as a
function of valence (AfY, we tested modelsxpressingl) independence, (2) a linear
relation (3) a symmetric ¥shape, (4) asymnvec V-shape with positivity offset, (5)
asymmetric Vshape with negativity bias, (6) asymmetrissNape with both, and (7) a
nonparametric model. To enable testing the optimal arousal hypothesis against the other
theoretically relevant options when coresitig valence as a function of arousal, we
additionallymodeledvalence as a function of arousal (VfA) including models for (1)
independence, (2) a linealation (3) a (inverted) Vshape, and (4) a nonparametric madel.
Comparing the fit of the differémodels by means of appropriate model selection strategies
allowed us to conclude whiaklationis present in the data for each direction ofriation

We next detail the statistical models (illustrated for the case when arousal is a function
of valence, with valencand arousatentered around zefor modeling purposésn the form
of normal regression models that are appropriate for studying nomaotatiors. The more
compkx, hierarchical regression model formulations to study¢tatiors atthe idiographic
level are introduced in Study 2 and in Appendix 1.
Model 1: Independence

A first model implies independence between valence and arousal:
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Arousal= b + (Model 1)

.
with i denoting the-th observation (e.g., a stimulus or a person) eubeing the residual.
Depending on the particular study, Arousal may refer to the average arousal elicited by a
particular stimulus, the particular arousal state of an individual, etc. For conveniencd, we wi
assume that the residu@sare independently normally distributed with mean 0 and standard
deviations (we will entertain this assumption about the residuals consistently for all
models). As is apparent from the model formulation, arousal is prédigtan intercept and
error, whereas valence plays no paitjure Jis a graphical illustration of this model.
Model 2: Linear Relation

A second model implies a linea#lation(which is positive wheiv; > 0 and negative
whenb; < 0) between valence aadousal and is written as (see Figures 1b and 1c):

Arousal = b +Malenge (Model 2)

Model 3: Symmetric V-shapedRelation
A third model allows for a symmetric-$hapedelationbetween valence and arousal

(see Figure 1d):

Arousal = p +|Walenge . (Model 3)

In this model, arousal is regressed onto the absolute value of valence, which meais that if
is positive, the model implies a symmetriesiaped relation between valence and arousal (if
b, is negative, it implies an inverted symmewieshaped relation).
Models 46: Asymmetric V-shapedRelation

The following three models evaluate different possible instantiations of an asymmetric
V-shapedelationbetween valence and arousal that include positivity offset, negativity bias or
both:

Arousal = b +|Walengg ,# b (Model 4)
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Arousal = b +|¥alenge .| Walende , (Model 5)

Arousal = p +|VYalenge ,# b, | Vabende (Model 6)

i
wherel; denotes a dummy variable that indicates wheéiadenceis positive (; = 1) or
negative [ = 0), and allows for testing for the presence of positivity offset and negativity
bias. Ifb, is positive, the arousal slope for positive valence has a higher intercept than for
negative valencendicatingpositivity offset. In turn, ibs is negativethe arousal slope for
negative valence is steeper than for positive valendeatingnegativity bias. Thus, Model 4
includes a positivity offset but no negativity bias, Model 5 includes a negativity bias but no
positivity offset, and Model 6 incorporatéoth (see Figure 1e for an illustration of Model 6).
Model 7: Non-parametric Relation

All previous models assume a specific parametric form for the relation between
valence and arousal derived from the alternative theoretical predictions. To aghattain
these models do not impose too many restrictions on the patterns available in the data, we
additionally included a model that does not make prior parametric assumptions such as
linearity or a \f(shape and allows for more flexibility. The nparametriaegression model

can be formulated as follows:

Arousal = b {(Valenge s+ 1b,

i (Model 7)

wheref is an arbitrary but smooth function that has to be estimated. Because the predictors in
Model 7 are additive, such a model is called an additive model (Fara@@f; Wood,

2006)? We incorporate in Model 7 a term that allows for positivity offset because the
functionf is required to be sufficiently smooth and can therefore not handle a discontinuous
jump at neutral valence. Negativity bias can be detectetudyisg the functior

graphically. If a flexible regression model such as Model 7 does not outperform (in terms of

better fit to the data) one or more of the theoretically inspired models, we may conclude that

the theoretical assumptions of our parametradel(s) are sufficient in characterizing the
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relationbetween valence and arousal. If, however, a flexiblepavametric model would
outperform the theoretical models, its characteristics can be used to gain novel knowledge
about how valence and arousat related.

Model Selection Strategy

To decide which model bestdithe data (separately for AfV diVfA), we usel two
kinds of tools for model selectiotraditionalhypothesis testing tools and an information
criterion rooted in a (quagBayesian approach (for more information on model selection, see
the 2000 and 2006 special issues on model selectitmuimal of Mathematical Psychology
Myung, Forster, & Browne,@0; Waldorp & Wagenmakers, 2006).

In traditional hypothesis testifie null hypothesis that a particular parameter of one
model equals zero in the population is evaluated on the bgsigahfies. In this way, we can
judge the presence of ashape, posivity offset or a negativity bias as they are represented
by single parameters in the modeb test hypotheses about specific parameters (e.g., the test
on the presence of a positivity offset) we will make use of traditional hypothesis tests (e.g., a
tedof Hy: ,=OvesusH: 0 for the positivity offset). D
surroundp-values (see Wagenmakers, 20Qfigy areeasily understood and are indeesful
in this caseo evaluate the tenability of simple null hypotheses.

Although the classical hypothesis testing approach is very commonly used and
standard in the field of psychologymajor disadvantagés thatthis approachallows a
comparison of only nested models (a model A is nested in model B if model A can be
obtaired from model B as a special case). Yet, not all models we have presented have a nested
relation (e.g., Models 2 and 3 cannot be seen as neJtedpmpare and select among all
formulated modelsa usefulapproachs the Bayesian Information Criterion iB; Raftery,

1995; Schwarz, 1978The BICis calculated as

- 28 LogLikelihood + logQ) 3 k,
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wherek is the number of parameters. The BIC eqtiadsbadness of fiif{dexedby
- 28 LogLikelihood or deviance) penalized for the number of paramésévren there is a
tradeoff between badnesH-fit andthenumber of parameters (adding parameters decreases
the deviance, but increases tmmplexity of the modé] the goal is to find the optimal point
in the tradeoff ; this point is achieved by the nbel with the lowest BICIn other words,he
model with the lowest BIC provideéke optimalbalancebetween model fit and congyiity.
There is another feature of the BIC that makes it attractive in the present context. The
BIC can be used to calculate gspeoximate posterior probability of each of the models

studied (see e.g., Raftery, 1995; Ramsey & Schafer, 2002; Wagenmakers, 2007):
expge 1 BIC,,
Pr(Modelm |data)= —% ,
.. al
a expx - BIC,
h=1 c 2

1-O:On

form=1,...,7 (n=1,...,4 for the models where valence is a function of arousal). The advantage
of using the posterior probability is that it gives a quantification of uncertainty as a probability
statement (i.e., after having seen the data, what is the probability that the model is true?),
which is a very natural way of expressing uncertainty
Study 1: Nomothetic Relationbetween Valence and Arousal

STUDY 1la: Aggregated AffectiveExperiences in Responst the IAPS Pictures

Method. In Study 1a, we analyzed the publically available normative IAPS dataset
(Lang, Bradley, & Cuthbert, 2008). The daionsist of average scores of ratings of 956
affectively laden pictures on valence and arousal. Each picture was rated by approximately
100 male and female college students in sets of around 60 pictures. The pictures were rated
using the SelAssessment leinikin (SAM, e.g., Bradley & Lang, 2007). The SAM consists of
two 9-point bipolar ratings scales (ranging from 1 to 9) with pictorial manikins representing

varying values of pleasure (ranging from unpleasant to pleasant) and arousal (ranging from
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low to high arousal)We subtracted the scores by 5 such that they ranged-4rtod. For
more detailed information on these da@elLang et al. (2008).

Results and discussionTable 2 presents an overview of the model selection statistics
of the seven AfV moels, Table 3 for the four VfA models. The AfV results confirmed the
presence of an asymmetriesthape in the data including a negativity bias but no positivity
offset, indicating that increasing positive and negative valence are related to increasing
arousl, with the relation being stronger for negative than positive valence. This conclusion
can be inferred from the BIC values identifying Model 5 (which is characterized by a V
shapep;(model 5) = 0.79p< .001, and negativity biabg(model 5) =0.27,p< .001) from
the theoretically informed models as well as Model 7 (which displays a negativity bias but no
significant positivity offseth,(model 7) = 0.27ns) as the best fitting models. Figure 2a
displays both models graphically, together with the.data

The VfA results, in turn, point to a negative linealationbetween arousal and
valence from the theoretically informed moddig(ihodel 2) =0.42, p< .001), which is
however outperformed by a ngarametric curve which follows a slight inverteesbhpe
(see Figure 2b for the graphical representation of both models).

The results from this study provide solid evidence on what features do and do not
characterize the normative IAPS data. Our analyses are only partially in line with previous
results that had suggested both positivity offset and negativity bias in respoinsdAPS
pictures (Ito & Cacioppo, 2005; Ito, et al., 1998t the latter were based on only subsets of
the complete IAPS picture set and did not involve alternative model comparisons. The
optimal arousal hypothesis receives some support in thesasiatl.

STUDY 1b: Momentary Affective Experience
Study 1b combined data from five different samples that assessed how people were

feeling at the momenisinga variety of responsetems andormats yielding information on
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peopl eds a fitfoecars moke er lesstnaturadly abascertain point in time, or at least
not in response to particular standardized stimuli. Although the five studies were performed at
different times and places, they used identical methods. For this reason, we cotrdohed t
and analyzed them jointly.
Method. Participants consisted of five large samples of college students from three
|l arge universities in the US and Canada. Eac
and think about how you are feelingrightnd6 and descri be those feel
three separate questionnaires developed by Barrett and Russell (1998). Each questionnaire
included four unipolar subscales (positive valence, negative valence, low arousal, and high
arousal) but in different resnse formats: a list of adjectives accompanied byaiit Likert
scale, a set of statements with which respondents indicated their degree of agreement, and a
set of statements for each of which respondents indicated how much it described their feeling
(see appendix in Barrett and Russell, 1998 for details). An individual's score on each subscale
was taken as the mean of responses to individual items. For each response format, the
negative valence was subtracted from the positive valence subscale eanslifor arousal
(with opposite scales being negatively correlated ineachpase, < . 001), to cr e.
valence and arousal per response format. Next, a PCA was performed separately on the
resulting three valence scales and the three aroudakggielding clear unidimensional
components) and the component scores were used as final indicators of the valence and
arousal |l evel of participantsd current affec
Results and discussionThe AfV results (Table 2) show that tredationbetween
valece and arousal in a | arge sampishmped f peopl e
relationthat is asymmetrical (Model B3(model 5) = 0.16p< .01). The foundelationis
graphically presented in Figure 3a. Contriryhe possibility we took from thevBluative

Space Modelhowever, the asymmetry did not involve a positivity offset, and instead of a
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negativity bias demonstrated a steeper slope for positive valence compared to negative
valence pz(model 5) = 0.46p< .001).

In turn, when valence wasoceledas a function of arousal (Table 3), the best fitting
model was one that involves a positive linedationbetween arousal and valence (Model 2;
bi(model 2) = 0.15p< .001; Figure 3b). The VfA result supports the results from the AfV
analyses: If mst data are located in the positive realm of valence (which is the case), and
given that our analyses looked at functions only (i.e., each arousal value can only be related to
one valence value), the expected best fitting VfA model, givershaped AfV reult, is a
positive linearelation
STUDY 1c: Remembered Affeatve Experience

Affect experienced while sitting in a laboratory can be restricted in variance (Yik,

Russell, & Steiger2011). Most participants will be in a relatively neutral affective state when
completing the questionnaire, and such data provide only a limited window on how the

compl ete realm of peopleds affective experie
data fom five studies in which participants had been asked to remember a particular time in

the recent past when they experienced an emotion and report on their affective state at that

time. Again, as the studies shared identical methods, we discuss and atreyzgaintly.

Method.Fi ve | arge samples of college student
time you had an emotion of any kindo. Next,
feeling at the particular time using the same three questionnainesséudy 1b. Valence and
arousal compound scores were calculated analogously to in Study 1b (with opposite scales
being negatively correlated ineachcagges < . 001) .

Results and discussionThe AfV results again supported an asymmetrishéped
relation. Model 6 provided the best fit to the data (see Table 2), and involveshapéd

relationbetween valence and aroudaj((nodel 6) = 0.30p< .001) that is characterized by
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the opposite of both positivity offset and negativity bias: a higher intefaepegative
valence p2(model 6) =0.46,p< .001) and steeper slope for positive valemgéfodel 6) =
0.55,p< .001) (see Figure 4a). Again, the VfA results (Table 3) supported a linear positive
relation(Model 2;b;(model 2) = 0.09p< .001) (see Fige 4b).
Study 2: ldiographic Relation between Valence and Arousal

The results from Study 1 showed that when arousal is considered as a function of
valence, valence and arousal display-sh@pedelationat the nomothetic level, and
predominantly a posite linear relation when valence is viewed as a function of arousal. The
data from Study 1, however, cannot shed lighhow valence and arousebvarywithin a
person across occasions or time. Therefore, in a second series of datasets we examined the
relationbetween valence and arousal in idiographic data. We used multilevel or hierarchical
extensions of the regression models described alseeee.g.Raudenbush &audenbush,
2002 Snijders & Bosker2011). Next to describing theelationbetween valence and arousal
at the nomothetic level, the use of such models additionally allowed us to model how each
i ndividual participantodés valence and arousal
theserelatiors (for more detail see Appdix 1).
STUDY 2a: Idiographic Affective Experiences in Responst® the Full Range of IAPS
Pictures

Method. The data from this study were collected by Ito et al. (1998) and involved
individual participantsod resplitgreupsofoho subset
average 33 participants each were presented different sets of 60 slides from the IAPS picture
set. Participants rated each picture on valence and arousal using the SAM ratingvbazties
we centered around zerdjor more detailed infornian, see Table 1 and Ito et al. (1998).

Results and discussionAs these data are characterized by a nested structure (with

pictures nested within persons), models with random effects for persons were fit. At the
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nomothetidevel, the AfV analyses againgport a modal Mshapedelationbetween valence
and arousal, this time characterized by a positivity offset and bias: Tipd3t€rior
probability values (Table 2) identified Model 6 as the best fitting model, which is graphically
presented in Figure Sand can be seen tollow a V-shape l§;(model 6) = 0.48p< .001) that
is characterized by a positivity offsét(model 6) = 0.60p<.001) and by a steeper slope for
positive than for negative valends(model 6) = 0.18p<.01). In addition, however, it can be
seen in Figure 5 that there are large individual differences ireléiionbetween valence and
arousal as well. In fact, almost argfationbetween valence and arousal can be observed in
this sample of data.
When valence is a function of arousal (Table 3), a positive |ne¢gtionwas the best
fitting theoretical model (Model Z3;(model 2) = 0.17p< .001), with also large individual
differences variability in the direction of thislation(Figure 5b). Thenon-parametric model
outperforms this model, however, in terms of fit. Yet, its shape (see Figure 5b) does not
deviate much from a linear positivelation(and does not support an optimal level view)
Although these findings are informativeseanainirg concern is that the resulise
driven by the particular distribution that is present in the stimuli themselves (i.e., certain areas
in affective space are overrepresented and others underrepresented in the IAPS stimulus set).
Moreover, some of the stificonvey very explicit affective information, possibly shrinking
idiographic variation. Therefore, in the next two studies, we exahpreo p|l eds 1 di ogr &
affective reactions to stimuli that were selected to uniformly cover the entire affective space
(Study 2b) and in addition do not convey explicit affective information (Study 2c).
STUDY 2b: Idiographic Affective Experiences in Responst Balanced IAPS Pictures
Method. The data for this study were taken from Barrett (2084)dy 2 131
participantsused multiple adjectives to rate their affective reactions to 16 IAPS pictures

(numbersl 710, 2050, 2205, 2800, 5000, 5621, 5760, 5920, 6230, 6550, 7010, 7080, 7234,
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8160, 8190, and 900%ee Barrett, 2004f more information)In order to minimize possible
stimulus selection bias, the pictures were selectegpi@sent &dalanceccombination ofll
possible positions in thealence/arousal affective space (based on the normative ratings
provided by Lang, et al., 2008)nlike the previous studyhe ratings were made using
multiple adjectives designed to tap valence and arousal usisgpanfLikert scale (0 = not at
all; 6 = very much)hereby avoiding potential response bias using ssaees A bipolar
valence score wasbtained by subtracting a displeasure (sad, disappointed) subscale from a
pleasure subscale (happy, satisfied). A bipolar arousal score was obtained from subtracting a
low arousal subscale (quiet, still) from a high arousal subscale (surprising, arovted) (
multilevel regression indicating negatikedatiors between opposite subscalgd,s < . 001) .
Results and discussionAs all participants rated all pictures on multiple adjectives,
the data conformed to a fullyrossed structure and allowed fitting thierarchical models
with both person and stimulus random effests ¢alled crossed random effects modsie
Appendix 1). The model selection parameters reported in both Table 2 and Table 3 indicate
that valence and arousal were linearly related andneothetic level (Model 2). Model 2
from the AfV and VfA is presented graphically in Figures 6a andA6the nomothetic level
a linear, slightly positiveelationbetween valence and aroudal(model 2) =0.07p< .05)
andconverselypbetween arousal drvalencas observedb,(model 2)= 0.08p< .05). Again,
however, there is large idiographic variability in thetation ranging from negative to
positive.
STUDY 2c: Affective Experiences in Respons® Ambiguous Stimuli
A selection of noffigurative modern art paintings was selected as stimuli for study 2c.
The choice of noffigurative art was guided by the idea that art is capable of eliciting
affective reactions, butonfigurative artdoes not contain clear explicit etronal cues for

the type of emotional reactions it should elicit. The rationale was therefore that the affective
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reactions to such stimuli should primarily reflect the characteristics of the valenesal
relationi n peopl eds expedemandchaaterstitcs. | e reducing

Method. The stimuli were selected from a broader sample of paintings in a pilot study
such that all portions of affective space were represented (with each pagixesenting
particularcombination of high/medium/low pleasanssenith high/medium/low arousa).
The paintings were presented on a computer screen after being resized to have the same
height (approx. 14 cm.)

Similar to Study 2b, participants were asked to rate to what extent each painting
elicited various affectivesactions assessed by a number of adjectives while the painting was
continuously displayed on the screen. We included multiple measures, badhdibipolar,
to assess the affective reactions to the stimuli in order to neutralize measurement or scale
effects. A first set of items consisted of the valence and arousal SAM items (Bradley & Lang,
2007) scored after centering around zeB8econd, two bipolar items assessed valence and
arousal using-9oint rating scales with verbal labels to denote variousldenf valence
(ranging from Avery unpleasanto to Avery ple
to Avery activatedo) , -4todé)skmaly & thind set of 12 ngpalarh ¢ o d
items assessed affective reactions using morefgpaffective labels representing the
endpoints of the two dimensions of valence (positive valence: pleasant, happy, good; negative
valence: unpleasant, unhappy, bad) and arousal (high arousal: tense, active, excited; low
arousal: calm, sleepy, and pas3iueinga#poi nt scal e (ranging from
strongo, coded from O to 6). The average neg
from the average positive valence score and the average low arousal score was subtracted
from the aveaige high arousal score to form scores of valence and arousal, respectively (with
multilevel analyss indicating negativeelatiors between opposite subscalgd,s < . 001) .

Finally, compound scores for valence and arousal were calculated by calculagagidhe
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average of the bipolar SAM, the bipolar verbal scale scores, and the valence and arousal
scores based on the unipolar items. The reliability of these compound scores was good
(Cronbacld alphas calculated across all perg@inting combinations elled 0.92 an@.83,
respectively. The presentation order of the paintings and the presentation order of the affect
items per painting were randarad In the end, each participant rated his or her reactions to
all 9 paintings on all 20 affect items.

Reaults and discussionAs the data conform to a crossed structure, we fit hierarchical
modelswith person and paintingspecific parametefsThe AfV analyses again supported the
hypothesized shapedelationbetween valence and arousal at the nomothetat.|&he
model selection parameters (Table 2) identified Model 5 that impliestepedelation
between valence and aroudal(thodel 5) = 0.13p< .05) that was not characterized by a
steeper slope for positive than for negative valehg@ndel 5) = 0.13p< .05). Model 5 is
shown in Figure 7a. As is clear from this figure, the obserekadiors between valence and
arousal at the idiographic level displayed sizeable individual differences.

When valence isnodeledn function of arousalTable 3), the nomothetielationis
again best characterized as a positive linelation(Model 2;b;(model 2) = 0.14p= .001),
with again considerable idiographic variation in tigkation ranging from strongly negative
over zero to strongly posi&v(Figure 7b).

STUDY 2d: Affective Experiencesin European Daily Life

The experience sampling method collects data at multiple moments during
participantsdé daily activities.-pasbnsituatime t her e
of p e o mtiveexperieacésfdering normal daily lifehe experience sampling method
offers the further advantage of not having to rely on memory, eliminating cognitive biases of
information storage and retrieval (Barrett, 1997; Robinson & Clore, 2002a, 2002b; &tone

al., 1998). Kperience samplingllows researchers to collect data across a broad range of
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different circumstances, and the method is ecologically valid because data collection occurs
within reallife circumstances rather than in artificial contexsl@er, Davis, & Rafaeli,

2003; Conner, Tennen, Fleeson, & Barrett, 2009). In Study 2d, we reanalyzed data on valence
and arousal collected throughout daily life in a study by Timmermans, Van Mechelen, and
Nezlek (2009).

Method. Participants were recruiteda the university job service and were paid for
participation.Participants receiveseven diary booklets (one for each day of the study) and a
Casio PC Unite© wristwatch that was programmed to beep nine times a day at random
intervals for seven conseotg days. For each programmed beep, the booklet presented the
Affect Grid (Russell, et al., 198%ee Footnote)SAfter an introductory session explaining
the method and device, participants rated their feelings of valence and arousal in the booklet
at exh beep by marking the position in the Affect Grid that best corresponded to how they
felt at that moment. On average, participants completed 59 of the maximum of 63 reports.

Results and discussionThe resulting data have a nested structure with beeps nested
in persons and were analyzed using models with pesgedific intercepts and slopes. The
AfV resultsfavor a V-shapedelationat the nomothetic level (Model 5 in Table2(model
5) = 0.23p<.001), that is characterized by a slight negativity bias (that is on itself not
significant, howeverhs(model 5) =0.05,p = .49) but no positivity offset. Theelationis
graphically presented in Figure 8a. Again, as can be seen from the indiviégahliigure 8,
there are agin large individual differences in tmelationbetween valence and arousal (which
is also the reason why Model Sfasoredabove Model 3, despite the lack of significance of
the negativity bias parameter). From the VfA modé&kble 3), the results pointed to a
nomothetic linearelationbetween arousal and valence with a positive slope that was not
significant, however (Model 21;(model 2) = 0.03p=.34). Yet, theelationshowed

considerable variation at the individual &Vsee Figure 8b).
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A possible limitation of study 2d is that pleasure and arousal, although frequently
assessedyere only measured with one single item which can limit reliability and increase the
possibility of response biak Study 2eve thereforeanalyzed data from a secorgperience
samplingstudy in which valence and arousal were measured using multiple adjectives.

STUDY 2e:Affective Experiencesin American Daily Life

The data for this study were taken from Barrett (2004). In these data, the experience of
an extended list of affective experiences was assessed during daily life using a computerized
experience samplinggchnique.

Method. Participants were given palmtopraputers loaded with the Experience
Sampling Program (ESP; Barrett & Barrett, 2001) and programmeddomdy beep an
average of 10 times a day for an average of 30 days. Participants carried their palmtops during
their normal daytime routine, and at edaep they were asked to report how much their
current feeling corresponded to a list of in total 29 adjectives. Part of this list included
affective words that correspond theoretically to the four quadrants of the affective space
defined by valence andarsal: active, enthusiastic, and peppy (positive valence and high
arousal), afraid, nervous, and angry (negative valence and high arousal), calm and relaxed
(positive valence and low arousal), and bored, sleepy, sluggish, and tired (negative valence
and lov arousal). For each measurement occasion, an aggregate score was calculated for each
guadrant item set. Next, scores for valence and arousal were calculated by subtracting the sum
of the negative aggregate scores from the sum of the positive aggregese and by
subtracting the sum of the low arousal aggregate scores from the sum of the high arousal
aggregate scores, respectively (with multilevel analyses indicating negaétiers between
opposite subscalegd s <. Qn average, participantscorded their responses on 201 of

the programmed beeps.
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Results and discussion The AfV model selectioparameters clearfigvora V-
shaped asymmetrice¢lationbetween valence and arousal at the nomothetic level (Model 6 in
Table 2;b;(model 6) = 0.16p < .001). Contrary to what would be expected on the basis of
positivity offset and negativity bias, hewer, therelationinvolves a lower (instead of higher,
see also Study 1c) intercepb(model 6) =0.23,p <.001) and a steeper (instead of less
steep, see also Studies 1b, 1c, 2a, and 2c) ddefmeqdel 6) = 0.11p < .001) for the positive
valencearousal as compared to the negative valearoceisal function. As is clear from Figure
9a, large individual diffeences variability characterized the obsemaddtiors at the
idiographic level. In terms of VfA, finally, the datavoreda positive linearelation(Model
2, see Table 3);(model 2) = 0.12p< .001) with, again, considerable individual differences
(se= Figure 9b).

STUDY 2e and 2f:Are the observed individual differences meaningful? Preliminary
evidence.

The repeatedlgbservedsubstantiaindividual differences in the valenegousal
relationraises the important questiohtheextentto whichthisidiographic variation is
meaningful Can the variatiole explained in terms oélatiors with well-established
independently defined sourcekindividual difference8 An answer to this questiomould
contribute to building a nomological network that kexps the observed idiographic variation.
In two preliminary stutes (Kuppens, TuerlinckxKoval, Yik, & Russell, 2012)we therefore
examined how individual differences in tredationbetween valence and arousal are a
function of FiveFactor Model of pesonality dimensions and culture (comparing data from
Canada, Hong Kong, Japan, Korea, and Sphirthese studies, we consistently replicated the
V-shaperelationbetween valence and arouaad individual differences in theglation More
importantly, we found evidencthat theindividual differences are related bmth standard

personalitydimensionsandto culture.
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In a first study participants were asked to recall recent events of positive and negative
valence, high and low arousal, andreasked to report their feelingath multiple formats.

We found thatndividual differences in experiencing particular valeaceusal combinations
weremeaningfully related to broad personality dimensions in ways consistent with existing
literature(e.g.,Kuppens et al, 200 Larsen & Ketelaar, 1991; Tellegen, 1985; Watson &
Clark, 1984) Specifically,we found that extraverts gravitate towausitive feelings when

they are experiencing high arousal, and likewise gravitate tdeelidg active when thegre
feeling positive or negative. Neurotics,dantrast gravitate tanegative feelings when they

are experiencing low arousal, and gravitate toward experiencing high arousal when they
experience negative feelings. In addition, we found that agreeableagsslated to
experiencing high arousal in combination with positive valence, and low arousal in
combination with negative valence.

In a second studfusing methods comparable to those used in Studypbserved
cultural differences in the valenaeousalrelation While ths relationwas consistently
characterized by a symmetricshape in each culture, the slope of thishape was steepest
for western cultures (Canada, Spain), but less steep (Japan, Korea) to almost flat (Hong Kong)
for eastern dtures.In other words, at the group level, positive and negative valence come
with increased arousal in western natiomiile valence and arousal are experienced
relatively independently from each other in eastern cultlifesse findingstrongly resoniz
with the documented preference for high arousal positive affect in western cultures and lower
arousal positive affect in eastern cultures (Tsai et al., 2006). They moreover suggest that these

preferences for high and low arousal also extend to negdfed.
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General Discussion

The Relation betweenValenceand Arousal at the Group (Nomothetic) Level

Table 4 provides an overview of the findings when arousal is considered as a function
of valence. From this overview, it is clear that the majority of the studies (all but one) pointed
toward a \/'shaped, asymmetrrelationat the nomothetic level’his mens that as people
feel more positive or negative, they tend to experience higher levels of avousadrage
Likewise, feelings of arousal are more likely to be accompanied by valenced feelings, positive
or negativeThis phenomenomvas observedinpebpe 6 s experi ence i n reac
stimul i (Studies la, 2a, and 2c), in peopl ebd
1c) as well as throughout their daily life (Studies 2d and &} finding isrobustbecauset
holds across differerstimuli, measurement methodsad scales, limiting the possibility that
the obtainedelationis due tgparticularmeasurement bias.

Table 5 summarizes the findings when valencewadeledas a function of arousal.
Largely, the results point to a pos#ilinearrelation(the only exception occurs in Study 1a,
which differs from the other studies in the important respect that the nomaoéiation
describeghe stimuli, not participantsyWhen analyzed this way, the data clearly did not
provide any constent support for an inverse-8hapedelation(corresponding to the notion
of optimal medium arousal). In addition, a comparison of the final columns of Tables 2 and 3
reveals that best fitting AfV models clearly outperform VfA models in terms of exgalain
variance. Moreover, the graphs show a clear misfit in many cases because of the tilted V
shape pattern in the data (which cannot be captured by a functional model). In sum, the
dominant pattern characterizing observed valence and arousal is identifiedAfV
analyses, leading to the conclusion that the nomottetitonbetween valence and arousal

conforms to a weak \hape with arousal as a function of valence.



Valence and arousal 36

The nomothetic positive linear VfA relation supports the same conclusion. Such a
relation is indeed expected when (a) there issh¥ped relation with arousal as a function of
valence (keeping in mind that a function implies #eth valence value can only be
associated with one arousal valuend (b) more datapoinése observed for positive than for
negative valence (meaning that people on average experience more pleasant than unpleasant
valence). The latter was the case in all studies (except in Study 1a due to the study design),
and is consistent with what is knovabout the distribution of affect (e.g., Diener & Diener,

1996; Kahneman, Krueger, Schkade, Schwarz, & Stone, 2004; Zelenski & Larsen, 2000).

Our data point out tworucialqualifications of tle V-shapechomotheticrelation
however. First, the varian@ecounted for is low, as can be inferred from the very low to
moderateR’-values reported in the final columns of Tables 2 and 3. In other words, the degree
to which we can predict a personbdts |l evel of
negaive valence is limited, and any combination between the two can in principle occur (to
illustrate this point, we refer to the plotted data in Figur8}. I herefore, the nomothetic
relationshould be interpreted in a weakly probabilistic rather thardiet@rministic manner.

On average, the probability is higher that when people experience more arousal they will also
experience increasing pleasure or displeasure, and that highly aroused states will more likely
be valenced than not. Yet, affective experesnof all combinations of valence and arousal

can occur (for instance, low arousal but highly positive or negative affect states do occur,
althoughlessfrequently). We therefore conclude thia¢ average individuavill feel slightly
increased arousal combination with increasing pleasure and displeasure.

The Relation BetweenValence andArousal at theldiographic Level

The finding of a weak Mshaped relation between valence and arousal at the
nomothetic level should be held against the backgrouttiedarge individual differences

that were observed in the relation between valence and arousal at the idiographic &hel. |
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datasets pertaining teithin-persorrelatiors (Study 2), large individual differences were
observed in the idiographrelations between valence and arousal (see Figures 5, 6, 7, 8, 9).
These findings make the important point ttiegrelationbetween valence and arousal does
not show one lawful, universal forrand appears toe sculpted quite differently from one
person to the otherOur findings show thahe valencearousal relatiorcan take almost any
form, underscoring Gordon Al |tipabwhat May hatdddosther v at i o
average person or across persomay differ dramatically from what holds for each
individualHow peopl eds feelings are structured, al
constitute the mind, varies from one person to the next.

The consequences of this conclusion are far from triVied. dfective propertiesof
peopl edbs e mot arenotddnticaacrpse individuals. €hgsnplicationputs
serious boundary conditions on for instance the quest for universal correlates (neural,
behavioral etc.) of affectandsuggestthat such coelatesaresignificantly moderated by
individual differences. Importantlyhe idiographic variation in the valeraeousal relation
also implies that valence and arousal most likkelyjot have invariant contributions to other
psychological phenomena.itlV affect being in the spotlight of many research areas, either as
the predictor or as the criterion, our findinmEnt towarda course correction for the science
of psychologyin understanding the affective contributions to emotwesi]-being,
personadty, attitudes, moral judgment, memory, perception, ktthe paragraphs below, we
explore themplicationsin more detail.
Do Lawful Relations Between Valence and Arousal Exist?

Previous proposals on tihelationbetween valence and arousal were guigethe
desire to postulate statements about how valence and arousal are universally related in all
individuals.Doing so is valuablbecause psychology as a science has often searched for the

nomothetic laws of the human mird.contrastour findings sbwed thatalthoughon
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average theelationbetween valence and arousal gravitates towareshdype, more
fundamentallythere is nauniversal architecture that adequately describessiagonbetween
valence and arouseil subjective experiender everyone.

Althoughour results clearly support the finding of asWape relationas obtained
from research on affective picturesiragesults also clearly show that it is misguided to argue
that arousalormsthe intensity of positive and negativalence because the low power of this
relationat the nomothetic level as well as the large idiographic variability clearly do not
support a strong 3hapedelation As a consequence, our findings do not support a general
arousal = intensity hypothedsithough there may be just suchetationfor some
individualg. For many, however, there is more to the intensity of valence than arousal level
and vice versa. The arousal that people repom ateaentof their affective experiences has
a quality that ges beyond simply the intensity of pleasure or displeaBased on the
evidence presented here, it can be concluded that a conceptual distinction between arousal and
intensity of valence is necessary and that an arousal dimension independent of salence i
needed to describe affective experience.

Our results alsdid not provide consistent evidence for a particular type of asymmetry
in therelationbetween valence and arouskd. the extent that arousal can be considered as an
indication of the notion adictivation in their model, our results there did not provide
unequivocal support fahe hypothesis of asymetry (Table 4) It is possible, however, that
the type of asymmetry depends at least partly on the stimuli or contexts in which valence and
arousalere assessedihis caveaimplies that theelationbetween valence and arousal not
only varies across individuals, but also across conxd®mains

The fact that the Mshaped relation between valence and arousal was consistently
characterized by g;mmetryd both in general as for most specific individdaldoeshowever

signal that arousal does not uniformly covary with pleasant and unpleasant fdalihgs
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context of the debate of the bipolarity of affébis finding suggests that at least to some
extent positive and negative affect are separable, and have bivariate instead of bipolar
properties, at least in terms of their relation to arolsalre research could take tfiisding
as a starting point to further clarify in which respextsontexs positive and negative
valence are bipolar, or bivariate (such as in tredatiors with other psychological

dimensions).

Understanding Individual Differences in the Structure of Affect

We know that there are profound individual differences in theetitre of affect
(Feldman, 1998 and in thisarticlewe have shown that one of the basic elements of that
structuréthe relation between valence and aroiudiéfiers across individualsFor some (in
fact a majority of our participantdgeling bad meanfeelingstress anxiety, irritation, or
other higharousal negative states and feeling good means feeling excited and upbeat, whereas
for others feeling good means feeling relanedontent and feeling bad means feeling down
or sad. Yet for others, the twaye independent, and feeling good or bad can come with high or
low experienced arousal.

We expecthat such individual differences in affect structure are not trivial variations
but are meaningful and important for understandingf f e r e n ¢ eaffectiverlivegamdo p| e 6 s
how theyrespond to eventfndeed, preliminary evidence indicates thadividual
differences in the experience of particular valeagmisal combinatiorsremeaningfully
related to dimensions from the Fif/actor Model of personayif particularly neuroticism,
extraversion, and agreeableness, and to cultural differgrentisularly eastvest differences
in ways lining up withpreferencesor ideal affect (Kuppens et al., 2012)s such, we believe
that idiographic information on érelationbetween valence and arousal cantribute to

understandinghe ways people habitually respond to the world. An important step for further
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research is therefore to examine thetorsthat are implicated in shaping individual
differences in valece-arousakelatiors and how they are related to emotiparsonalityand
cultureboundprocesses
Implications for Research Involving Affect
Subjective experience provides a window on affect, which, in turn, influences
processes involved in emotigjudgment, perception, decision making and so on at the level
of the individual. Consideration of peopl eds
in research that examines the role of affect in other areas of psychological functioning.
Ourfindings argue for caution among researchers who attempt to assess valence while
ignoring arousal or to assess arousal while ignoring valence or even to assess the two
independently of each otheBased on the assumption of independence, researchers might
attempt to manipulate valence independently from arousal, but the present findings suggest
that this may be difficult to achieve in a uniform way across participants. Researchers should
be aware of the possibility of neandependence of valence and ardusanany individuals
and take thipossibilityinto account when performing manipulation checks and interpreting
results.
Our findings highlight the importaned considemng how the impact of valence or
arousal on other areas may be moderated by shaavidifferences in the valeneeousal
relation Valence and arousal can most likely heexpected to have invariant correlates with
or influence on other phenomeridis lack of invariant correlatiomay play a role in some of
the difficulties researdrs face pinning down the exact substrates of valence or arousal or
their link to other phenomena. For instance, there is considerable disagreement and
inconsistency in findings about if and how the amygdala processes valence or arousal
information (e.g.Anders, Eippert, Weiskopf, & Veit, 2008; Barrett, Bligreau, Duncan,

Rauch, & Wright, 2007; Berntson, Bechara, Damasio, Tranel, & Cacioppo, 2007; Kensinger
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& Corkin, 2004; Lewis, Critchley, Rotshtein, & Dolan, 2007). Yet, if theiseensiongovary
differently in different people, researchers \wilve tochange their experimental paradigms
and sample more broadly to arrive at solid conclusions. Any studies that do not take
idiographic variation into account will run the risk of being obsolete.

A similar cautioraryimplication hold for theburgeoningesearch that examisthe
impact of affect on other phenomeit seldomadvance irsuchresearch domains is
impededor complicatedbecause there remain significamtonsistencieaboutwhether
valence orarousal s u n d e r | ignpactand iawhat éoomdy imstancedespite a
wealth of research, it remains unclear whether mainly valence (e.g., Kensinger & Schachter,
2008) or arousal (e.g., Mather 2007) affect memory and even whetliéaditieate or
impedeit (e.g.,Cook, Marsch, CladFoos, & Meeks, 200Mather and Nesmith, 20083imilar
observationfiave been made regarding thBuence of affect on visiore(g.,Lane, Chua, &

Dolan, 1999)judgmentand decision making (BlanchetteRichards, 2010) and so fortfiet, if
arousal covaries positively, negatively, or nath valencedepending on the individual, it is clear
thata true account of these effects should take idiographic variation into consideration.

As another example largearea of research has shown that positive affect broadens
attention (Frederickson, 2001). Yet, recent research suggedbsdadéeningnay only hold
for low arousal positive affect, and that the inverse is true for high arousal positive affect
(Gable& HarmonJones, 2008). The broadening (vs. narrowing) effect of positive affect on
attention may therefore be moderated by the particular typationbetween positive
valence and arousal that characterizes the individual

I n sum, i f tahtéakedh@re message fronmqurdindings for research
involving affect, it is to take seriously the existence of individual differences in the structural
architecture of affect for developing studies and hypothesis #®otigins, nature, and
consequeres ofthis basicfeatureof the mind

Limitations
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Our current investigatiors limited tothe relation between valence and arousal in
subjective experience, as assessed througheg®ifts, and our results and implications
should be restricted to thtapic. Althoughself-report certainly has its weaknesses, there are
currently no other means available that reliably measure how people subjectivéty.feel
Barrett, 2006) An important avenue for future reseaestdrevieweffortswould consist of
exanining whether our conclusions also hold for otheh@vioral, psychophysiological,
neurophysiological, or othemeasures of emotiar wherethesemay diverge, and whauch
divergence wouldmply for the multicomponential nature of emotions.

Finally, sside from the limitations already noted for each data set, one clear limitation
of ouridiographicfindings is that they come from data that were collected exclusively in a
Western cultural context. Although we would expect similar amounts @ibiigy in the
relationbetween valence and arousal in people of other cultures, research on ideal affect
(Tsai, et al., 2006) as well as preliminary findings from our own research (Kuppens et al.,
2012)gives reason to suspect that the observed averagewthetiaelationbetween
valence and arousal might take a different shape in cultures that are characterized by a
preference for lowr arousal positive feelings. Cleariyoreresearch on the relation between
valence and arousal in ndMestern culture is needed to explore such questions.

Conclusions

In conclusion, in this article we reported the results of a systematic and comprehensive
analysis of theelationbetween two of the most fundamerdahensions underlying
subjective affective experiendé&/e formulate the following three general conclusions. First,
the modal nomothetiaelationbetween valence and arousal takes the form of a weak
asymmetric Vshape with arousal increasing as a function of both positive and negative
valence Second, athe level of specific individuals, however, our findings shovaede

individual differences variability itherelationbetween valence and aroushhis is evidence
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of a large idiographic malleability of the structure of affdtte observed weak nomothetic
relationalong with the large idiographic variability clearly indicates that it is not informative
to postulate a strong universal valerazeusakelationand precludes equating arousal with
affect intensityTherefore, we stingly encouragesychologyto withhold from making
universal claims but tmsteadtake individual differenceseriouslywhen examining the

structure of affect and its role in other psychological phenomena.
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Footnotes

! For valence as a function of arousal, we only consider the four models that were
theoretically meaningful, which did not include asymmetrical models.

?In estimating the unknown functidnone has to balance two contrasting desires:
Fitting the data as good as possible (i.e., the funéstiould be close to the data points) and
having a smooth curve (i.e., with not too many irregularities). The equiitbetween fit and
smoothness will be determined in an automatic way by minimizing a penalized loglikelihood,
which is an addition of the loglikelihooddodnes®f fit) and a penalty for the
nonsmoothness (for more details, see Wood, 2006).

% An initial sample of 45 paintings was taken from modern art books. They were
selected based on their nbgurative nature and because they potentiddpicteda broad
range of valence and arousal values. In a pilot study, the 45 selected paintings were rated by 6
researchers in emotion in terms of how much pleasant or unpleasant feelings and how much
arousal they could elicit, using the Affect Grid (Russell, Weiss, & Mendelsohn, 1989), a
singleitem measure of valence and arousal. The Affect Grid is a vis@ai\®-dimensional
grid, with unpleasant/pleasant feelings forming the horizontal and arousal/sleepiness forming
the vertical dimension, with end points and neutral points being marked with emotion words
to facilitate reporting. Each position on the grid thagresponds to a particular valence and
arousal score. On the basis of the ratitigs followingnine paintings were selected
represernng all positions in affective spac&ustoni The clock (negative valence/low
arousal), Murtid White background (negive valence/medium arousal), MillareQuadro
66 (negative valence/high arousal), Newrhaidnight blue (neutral valence/low arousal),
Van Doesburg Constructivism (neutral valence/medium arousal), Delaiinesrk prisms

electroniques (neutral valeribegh arousal), Mardeh Grove group one (positive valence/low
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arousal), Van Gogh Sunrise at SRémy (positive valence/medium arousal), Picasso
Bather with a beachball (positive valence/high arousal)

“ It should be noted that at some points we fitted a slightly different model than
discussed in Appendix 1 because of numerical problems. For instance, it was impossible to fit
Model 6 with random person intercepts and all regression coefficients and mhdyira
stimulus intercepts in Study 2c (it led to perfectly correlated random effects). However, if we
allowed random stimulus effects for all regression coefficients, the model gave acceptable

results which were reported instead.
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Appendix 1: Multilevel regression models for nested or crossed data

In Studies 2&, the data conform to a nested (betwperson; Studies 2a, 2d, 2e) or
fully-crossed data structure (withperson; Studies 2b, 2c). Nested and fellgssed data
structures requirthe use omultilevel or hierarchical models (or mixed models, e.g., Snijders
& Bosker,2011). The advantage is that persgpecific (for nested data) or both persand
stimulusspecific (for fully-crossed data) effects canrnedeled yielding information on
what therelationbetween valence and arousal looks Iikéhe population (i.eaveraged
across personthe nomothetic level) as well as for each person individually (the idiographic
level). Below we present an overview of the used hierarchical models. In esteycare
analogous to the models outlined in the main part of this paper, with the additional complexity
that they involve perseror personand stimulusrandom effects. Note that we discuss the
models for the most complicated case (involving botsg@eand stimulus random effects). In
the case ofmeasurements (or situations or stimaksteavithin personsthe models are the
same, but without the stimulus random effects.
Model 1: Independence

A first model implies independence between valenceaandsal:

Arousal = b 4 g 4+ 4, (Model 1)
wherei denotes théth participant anglthej-th stimulus. This model includes a person
specific deviatiory, from the overall intercept. This is consistent with the notion that the
average experieed arousal level may vary across individuals (e.g., Kuppens, et al., 2007).
Similarly, there is a stimuluspecific deviatiortg from the overall intercept. It is assumed
that bothg, anddy are drawn from their own population distributions (presumdzktoormal

with zero mean and an unknown variance; see the final paragraph of this Appendix). Note that

Model 1 corresponds to a classic unconditional mixed model (e.g., Snijders & BU¥k®r,
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but with the additional complexity that there are two random intercept effects (one from the
person and one from the stimulus; such a model is called a crossed random effects model).
Model 2: Linear relation

A second model implies a linegelationbetween valence and arousal:
Arousal =( b + g 4 @, +)\talence ; . (Model 2)
The model includes next to a person specific and stimulus specific deviation from the general
intercept ¢ anddy;, respectively) also a persspecific deviatiorg; from the geneal slope
b1 consistent with the notion that the linealationbetween valence and arousal can vary
across individuals (Kuppens, 2008). Note that Model 2 corresponds to a classic mixed or
multilevel model with random intercept and slope (Snijders & Bo&kHrL, but with an
additional stimulus specific intercept). The reason that we do not include a stimulus specific
slope is that in several cases an abundance of stimulus random effects leads to a hard to
estimate model. Yet, for the models where additioradom stimulus effects could be
included without technical problems, the conclusions remained the same as the ones presented
in the manuscript.For the population of persons and stimuli, the interpretation of Model 2 is
as follows: For an average indiwal that responds to an average stimulus, one expects on the
basis of Model 2 that arousal is a linear function of valence with intdogeid slopé;.
Model 3: Symmetric V-shaperelation

A third model allows for a symmetric-$hapedelation againallowing for person

specific intercept and slope values (and a stimulus specific intercept):
Arousa) =(h 4 g ¢F @, +)Walengg | (Model 3)
Similar to the basic model, a positive valudgfmpliesa symmetric Vshapedelation

between valence and aroudal, the average individual in response to the average stimulus.

Models 46: Asymmetric relation between valence and arousal
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Fourth, three different models evaluate the different possible instantiations of an

asymmetric Vshapedelationbetween valencena arousal:

Arousa) =( b 4 g ) €, ﬁ)‘valenﬁ (2 W)t b (Model 4)
Arousa) =( b 4 g gF O, +)|Walengd ( , )| Valbde ¢,  (Model 5)

Arousal =(h 4 g oF O, +)|Walengg ( , ), ¥ (b, +,0 Valegcgbl i+
(Model 6)

In Models 36, I;; again denotes a dummy variable that indicates whdthience is positive

(I =1) or negativel{ = 0). These models allow for person specific intercept and slope
values, separately for positive and negative valence, consistent with the possibility of
individual differences in positivity offset and negativity bias. The interpretation of the fixed
regession parameters (i.&q, b1, b2, andbg) is analogous to that in the basic models, but

with the caveat that it holds for an average individual responding to an average stimulus (or
for a randomly sampled individual and a randomly sampled stimulus).

Model 7: Nonparametric relation

Finally, we consider a neparametric regression curve:

Arousa] =(p 4 g o) d(Valenge | Vategde ( , )i+ k| +Valgnte+lg
(Model 7)

wheref is again an arbitrary smooth functifiecause of presence of the Amarametric and
parametric regressiaffects in an additive way together with random effects, this model is

also called a linear additive mixed modsde Faraway, 2006; Wood, 2006)Model 7, the
expected relation between arousal and valence for an average person and stimulus is such as

in the basic Model 7E(Arousa)) = p H(Valengg .

To account for possible interindividual and interstimulus differences, we add the
person and stimulus random effegtste that the random effects are added to the model in a

very restricted manner: It is hard to allow for random effect such that thpamametric
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functionf is different from person to person, and therefore we have a random effects structure
equal to theprevious models. Such a model extension also enhances comparability across
models, since only the mean structtttee relation between expected arousal and val@nse
changed while the structure of betwagmrson and betweestimulus differences remains

constanj. All random effects are assumed to be normally distributed with a mean of 0 and to
be estimated standard deviation, to be independent from each other and from all other random

components of the modél: x § T, and x 0 m, . For he residuak;, we make a

similar assumption as in Studyj1x 0§ T,
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Overview of studies
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Study

Participants

Target of rating

Assessment of valence
and arousal

Studies on nomothetielation

Study 1a: IAPS&data from Lang, et al.

(2008)

Study 1b: Current affect

Study 1c: Remembered affect

Studies on nomothetic and idiographic

relation

Study 2a: Idiographic IAPSlata from lto,

et al. (1998)

Study 2b: Uniform IAP3data from Barrett

(2004)

Study 2c: Moe@rn art paintings

approx. 100 per
60 pictures (Lang
et al., 2008)
1331

1417

264
131

167

Study 2d: Experience sampling Study dat 80

from Timmermans, et al. (2009)

Study 2e: Experience sampling Study dat 349

from Barrett (2005)

College students, half of them
female

College students. 864 female,
Mean age = 21 yrs
College students. 892 female,
Mean age = 20 yrs

College students. 152 female.
Mean age = 19 yrs.

College students. 88 female.
Mean age = 20 years

College students. 132 female.
Mean age = 18.5 yrs.

College students. 48 female.
Mean age = 22 yrs

College students. 198 female.
Mean age = 19 yrs

956 IAPS pictures

Current affect

Remembered affect

480 IAPS pictures

16 IAPS! pictures

9 modern art paintings (s€é®otnote %
Momentary experience throughout
daily life

Momentary experience throughout
daily life

SAMP

adjectives with 3
response formats
adjectives with 3
response formats

SAMP

adjectives

adjectives + SAM
Affect Grid (Russell, et

al., 1989)
adjectives

4APS = International Affective Picture System (Lang, Bradley, & Cuthbert, 2008).
PSAM = SeltAssessment Manikin (Bradley & Lang, 2007).
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Table 2
Summary of model selection statistics when arousal is modeled as a function of valence (AfV) for each study

Study Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Independence Linear relation Symmetric V AsymmetricV  Asymmetric V Asymmetric V Non-parametric
positivity offset  negativity bias  positivity offset
+ negativity bias
BIC PostP  BIC PostP  BIC PostP  BIC PostP  BIC PostP BIC PostP BIC PostP R®

Studies on nomothetielation

Study la: IAPS data 3033 .00 2964 .00 2695 .00 2668 .00 2644 21 2649 .02 2641 .77 .34
Study 1b: Current affect 2714 .00 2698 .00 2703 .00 2681 .00 2664 .96 2671 .04 2676 .00 .06
Study 1c: Remembered 3940 .00 3937 .00 3854 .01 3860 .00 3854 .01 3846 .58 3847 .40 .08
affect

Studies on nomothetic and
idiographicrelation

Study 2a: Idiographic IAPS 64604 .00 62297 .00 61819 .00 59536 .00 59017 .00 58998 1.00 59022 .00 .18
Study 2b:BalancedAPS 8633 .00 8492 1.00 8625 .00 8549 .00 8644 .00 8572 .00 9906 .00 .09
Study 2¢: Modern art 4200 .00 4174 .15 4175 .09 4181 .00 4171 .75 4252 .00 4799 .00 .03
paintings

Study 2d: Kperience 19380 .00 19254 .00 19282 .00 19261 .00 19201 1.00 19217 .00 19219 .00 .01
sampling studyeurope

Study 2eExperience 299621 .00 296639 .00 295807 .00 294697 .00 294443 .00 294212 1.00 294423 .00 .01

samplingstudyUS

Note BIC: Bayesian Information Criterion (lower valueslicatebetter fit); PostP: posterior probability of each model given the data among the set of seven models. The
values of the best fitting model are displayed in bold.

2 gives theR? of the best filihg model. In case of idiographic analyses (hierarchical mod@lspglues are calculated as the proportional reduction in the sum of the residual
and level 1 random intercept variance due to including the explanatory variables in the model, follojerg 8nd Boskef20117).
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Table 3
Summary of model selection statistics when valence is modeled as a function of arousal (VfA) for each study

Study Model 1 Model 2 Model 3 Model 4
Independence Linear relation Symmetric V Non-parametric
BIC PostP  BIC PostP  BIC PostP BIC PostP R

Studies on nomothetielation

Study 1a: IAPS data 3843 .00 3775 .00 3849 .00 3762 1.00 .10
Study 1b: Current affect 2714 .00 2698 1.00 2721 .00 2725 .00 .02
Study 1c: Remembered affect 3940 .12 3936 .88 3947 .00 3963 .00 .008

Studies on nomothetic and
idiographicrelation

Study 2a: Idiographic IAPS 65281 .00 63199 .00 65049 .00 63035 1.00 .03
Study 2b:BalancedAPS 8526 .00 8506 .91 8510 .09 11500 .00 .01
Study 2c: Modern art paintings 4721 .00 4682 1.00 4725 .00 5425 .00 .00
Study 2d: Experience sampling 18417 .00 18283 1.00 18384 .00 18299 .00 .00
study Europe

Study 2e: Experience sampling 313460 .00 310588 .00 310974 .00 NA® NAP .01
study US

Note BIC: Bayesian Information Criterion (lower valueslicatebetter fit); PostP: posterior probability of each model given the data among the set of four models. The
values of the best fitting model are displayed in bold.

2 gives theR? of the best fitting model. In case of idiographic analyses (hierarchical md@elg)iues are calculated as the proportional reduction in the sum of the residual
and level 1 random intercept variance due to including the explanatory variables in #efollodving Snijders and Boskér011).

PResults are not available because the model could not be estimated.
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Table 4
Overview of the observedlation when arousal is modeled as a function of valence (AfV) across studies
Study Best model Relation Offsef Biag’
Studies on nomothetielation
Study 1a: IAPS data Model 5/7 Asymmetric \f'shape/nonparametric no Negativity bias
Study 1b: Current affect Model 5 Asymmetric \tshape no Positivity bias
Study 1c: Remembered affect Model 6 Asymmetric Vtshape Negativity offset Positivity bias
Studies on nomothetic and idiographic
relation
Study 2a: Idiographic IAPS Model 6 Asymmetric ,shape Positivity offset Positivity bias
Study 2b:BalancedAPS Model 2 Linear no no
Study 2c: Modern art paintings Model 5 Asymmetric Vtshape no Positivity bias
Study 2d: Experience sampling study Model 5 Asymmetric Vtshape no Negativity bias
Europe
Study 2e: Experience sampling study US Model 6 Asymmetric Vtshape Negativity offset Positivity bias

& Offset refers to the presence of a difference in intercept between the positive \zatargad function and the negative valeaceusal function.

® Bias refers to the presence of a difference in slope between the positive \ateumsal function anche negative valenearousal function.
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Table 5

Overview of the observedlation when valence is modeled as a function of arousal (VfA) across studies

Study Best model Relation

Studies on nomothetielation

Study 1a: IAPS data Model 2/4 Negativelinear/nonparametric
Study 1b: Current affect Model 2 Positive linear
Study 1c: Remembered affect Model 2 Positive linear

Studies on nomothetic and idiograpinétation

Study 2a: Idiographic IAPS Model 2/4 Positive linear/nonparametric
Study 2b:BalancedAPS Model 2 Positive linear

Study 2c: Modern art paintings Model 2 Positive linear

Study 2d: Experience sampling study Euro Model 2 Linear (not positive or negative)

Study 2e: Experience sampling study US Model 2 Positive linear
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Figure 1 Overview of possible relations between valence and arousal: (a) independence, (b)
positive linear relation, (c) negative linear relation, (d) symmetreh&ped relation, (e)

asymmetric ¥shged relation including both positivity offset and negativity bias, and (f) an

inverted \fshaped relation when valence is a function of arousal.
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Valence
0
|

Arousal

(b)
Figure 2 Relation in the normative IAPS data (a) between valence and arousal according to
Model 5 (Back line; reflecting an asymmetric-$hape relation) and Model 7 (grey line;
reflecting a norparametric relation), and (b) between arousal and valence according to Model
2 (black line; linear relation) and Model 4 (grey line; nonparametric relation)pdines are

the plotted data. (Study 1a)
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Figure 3 Relation in current affect between (a) valence and arousal according to Model 5

(asymmetric Wshape relation), and (b) arousal and valence according to Model 2 (linear

relation).The points are the plotted data. (Study 1b)
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(b)
Figure 4 Relation in remembered affect between (a) valence and arousal according to Model
5 (asymmetric Wshape relation), and (b) arousal and valence according to Model 2 (linear

relation). The pmts are the plotted data. (Study 1c)



