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The bipolar valence-arousal model of conscious experience of emotions is prominent in emotion
research. In this work, we examine the validity of this model in the context of feelings elicited by visual
stimuli. In particular, we examine whether arousal has a unique contribution over bivariate valence
(separate measures for pleasure and displeasure) in explaining physiological arousal (electrodermal
activity, EDA) and self-reported feelings at the level of item-specific responses across and within
individuals. Our results suggest that self-reports of arousal have neither an advantage in predicting EDA
nor make a unique contribution when valence is present in the model. Acceptance of the null hypothesis
was confirmed with the use of the Bayesian information criterion. Arousal aso showed no advantage
over valence in predicting global feelings, but demonstrated a small unique component (1.5% to 4% of
variance explained). These results have practical implications for both experimental design in the study
of emotions and the underlying bases of their conscious experience.
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The bipolar valence-arousal model is a prevalent model of
conscious experience of emotions in the scientific literature. Feel-
ings in this model are estimated by using two questions. The first
question asks about the degree of feelings of arousal (e.g., feelings
of stimulation, excitation, arousal). The second question asks about
the degree of pleasure versus displeasure. The bipolar valence-
arousal model posits that when participants introspect and report
on different aspects of their emotional experience, arousal, and
valence are two distinct types of feeling qualia. Much as how one
can separately attend to color and motion as distinct dimensions of
perceptual experience that rely on distinct appraisals of externa
events, when attention is turned inward, emotional experience can
be decomposed into qualitatively distinct perceptions of valence
and arousal. In the present work, we examined the validity of the
dissociation of arousa and valence in the context of interna
feelings elicited by external visual stimuli.

In much of emotion research, the rule or a criterion that is used
to assign stimuli to the experimental conditions is based on emo-
tional experience. To support this claim, we note that the three
largest emotion stimuli pools of pictures (IAPS: the International
Affective Picture System; Lang, Bradley, & Cuthbert, 1997), audio
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recording (IADS: The International Affective Digitized Sounds;
Bradley & Lang, 2007), and English words (ANEW: Affective
Norms for English Words; Bradley & Lang, 1999) are mapped on
self-reports of feelings. Each stimulus in the IAPS, IADS, and
ANEW (henceforth referred as 11A) has a value that is based on
self-reports of emotional experience averaged across many partic-
ipants. Therefore, each time researchers use stimuli from the 1A
and assign them to the experimental conditions according to their
associated norms, they essentialy use self-reports of feelings as
criteria to assign stimuli to the experimental conditions. When
using stimuli and norms from the 1A (or any other stimuli cate-
gorized by self-reports of feelings), the implicit model of emotions
isamodel of conscious experience of emotions. Therefore, at least
when the norms are in use, models of conscious experience of
emotions influence the experimental design, data, results, conclu-
sions, and terms by which knowledge about emotions is accumu-
lated, regardless of whether one examines brain activity, peripheral
physiological activity, or any other measure that may not incor-
porate self-reports of feelings. As long as one uses self-reports of
feelings to assign stimuli to the experimental conditions, parsing
the emotional space is done in terms of self-reports of conscious
experience of emotions. Whether intended or not, this is why
models of conscious experience of emotions are fundamental to all
emotion research.

Variants of the Bipolar Valence Arousal Model

The bipolar valence-arousal model is the prevalent model of
conscious experience of emotions in the scientific literature. The
popularity of the bipolar valence-arousal model is reflected in how
the three largest emotion stimulus pools of pictures, audio record-
ings, and English words (e.g., the I1A) are mapped on self-reports
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of bipolar-valence and arousal. Each stimulus in the IlA has a
value that is based on self-reports of emotional experience aver-
aged across many participants. The IIA are not only technical
devices, but rather implicit distributors of the bipolar valence-
arousal model. Researchers that use stimuli from the pools fre-
quently use their adjacent norms (values of feelings of valence and
arousal) as criteriato assign stimuli to the experimental conditions.
In other words, using the norms of the IAPS implies parsing
emotion space in terms of bipolar valence and arousal and implic-
itly or explicitly assuming this model. Due to this, data, conclu-
sions, and aggregation of knowledge are made, to alarge extent, in
terms of bipolar valence and arousal. In this work we examined the
validity of the bipolar valence-arousal model in the context of the
I1A. In particular, we examined if arousal and valence were dis-
tinct components of self-reports of emotional feelings.

There are two versions of the bipolar valence-arousal model: the
“two-intensities’ account, which holds that bipolar valence and
arousal, each has its own intensity (e.g., Russell, 1980; Russell &
Feldman Barrett, 1999), and the “arousal as intensity” version on
which arousal is conceived as intensity of bipolar valence (e.g.,
Bradley, Codispoti, Cuthbert, & Lang, 2001). The theoretical
model that underlies the I1A is the former. Feelingsin the IIA are
estimated by two questions. The first question asks about the
degree of feelings of arousal (e.g., feeling of stimulation, excita-
tion, arousal). The second question asks about the degree of
pleasure versus displeasure. Hence, the bipolar valence-arousal
model of the IIA has three assumptions. The first is that pleasure
and displeasure are mutually exclusive. One cannot co-occur with
the other. The second is that arousal and valence are two different
types of feelings; the instructions for the ratings scales use differ-
ent wording to make participants introspect and report on different
aspects of their emotional experience. The instructions use the
terms arousal, excitation to refer to a type of feeling associated
with arousal and it uses the words pleasure/displeasure to refer to
a different type of feeling associated with valence. The third
assumption is that arousal and pleasure/displeasure have disso-
ciable intensities. This assumption is evidenced by the application
of two separate continuous scales, which index the degree or
intensity of afeeling, one for arousal and one for valence. These
assumptions are not trivial; they presuppose that while experienc-
ing emotional feelings in the presence of stimuli, participants can
distinguish and report about two qualitatively distinct types of
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feelings and their intensities, one for valence and the other for
arousal.

However, contrary to the theoretica model that underlies the
IlA, the actual distribution of pictures across the arousal and
bipolar valence axes do not appear to obey the two intensities
principle. Stimuli in the 1A show a consistent V shape, relation-
ship between bipolar valence and arousal (see Figure 1a). It is
difficult to reconcile the V shape relationship with the two inten-
sities account. A V shape function is expected when absolute
values are plotted against their original values (Figure 1b). It may
be then that arousal is not separable from valence in the 1A, but
it is its absolute value—its intensity. This would be more consis-
tent with variation of the bipolar-valence model where arousal is
conceived as intensity of bipolar valence (Bradley et al., 2001).

Despite the V shape function implying full dependence, two
types of evidence do support the distinction between arousal and
valence in the context of the Il A. The first comes from the limited
association between self-reports of arousal and valence; modeled
by absolute values (V shape) or a quadratic function, bipolar
valence explains only around 20% of arousal variance (computed
from Ito, Cacioppo, & Lang, 1998; Lang, Bradley, & Cuthbert,
1999). The second piece of evidence against arousal-as-intensity-
of-valence comes from the distinct associations of arousal and
valence with physiologica activity. For example, self-reports of
arousal predict electrodermal activity (EDA) better than bipolar
valence. However, bipolar valence is negatively associated with
corrugator EMG activity, whereas self-reports of arousa are not
(e.g., Lang, Greenwald, Bradley, & Hamm, 1993). Indeed, to the
extent that self-reports of arousal and valence reflect different
qualities of emotional experience, we would expect them to show
divergent correlations with physiological measures.

One conclusion from the earlier discussion is that neither of the
two versions of the bipolar valence-arousal model can be fully
justified in the context of the IIA. The two intensities version
provides no explanation to the V shape function that is consistently
present in the I1A. The arousa-as-intensity-of-valence version
cannot explain cases in which arousal predicts variables that the V
shape function of bipolar valence cannot. In recent work, Kron,
Goldstein, Lee, Gardhouse, and Anderson, 2013 attempted to
reconcile the discrepancy between the theoretical model underly-
ing the I1A and the actual distribution of pictures along the bipolar
valence and arousal axes. They suggested that the feeling of
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Figurel. Thegraph in (a) depicts the distributions of pictures from the International Affective Picture System
(Lang, Bradley, & Cuthbert, 1997) over the arousal and bipolar valence axes. The graph in (b) shows an absolute

scores function.
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arousal was (&) not the simple intensity of bipolar valence (b) but
also not adistinct quale with an intensity distinct from the intensity
of the feelings of pleasure/displeasure. Rather, both arousal and
bipolar valence can be decomposed into unipolar dimensions of
pleasure and displeasure and that when using two independent
scales for pleasure and displeasure (unipolar valence), a strong
association between valence and arousal, whether self-report or
physiological, was evident.

Unipolar Valence Models

The unipolar valence perspective (dso known as the bivariate
vaence model) maintains that valence is activated by two indepen-
dent systems of pleasure and displeasure (Cacioppo & Bernston,
1994; Cacioppo, Gardner, & Berntson, 1997; Larsen, McGraw &
Cacioppo, 2001) and, accordingly, that emotional experience should
be estimated by separate scales for pleasure and displeasure (Larsen,
Norris, McGraw, Hawkley, & Cacioppo, 2009). The unipolar valence
model can be distinguished from the bipolar model in two ways:. (1)
it permits mixed emotions—the simultaneous activation of pleasure
and displeasure, and (2) it does not necessarily assume a separate
system for arousa (Kron et a., 2013). Initia evidence for the exis-
tence of mixed emotions(eg., Larsen & McGraw, 2011; Larsenet dl.,
2001) and separate brain systems for pleasure and displeasure (An-
derson et al., 2003; Viinikainen et al., 2010) show indirect support for
the unipolar valence account of conscious experience of emotion.

Kron et d. (2013) examined the relationship between self-reports
of arousd and EDA using unipolar scales of pleasant (PL) and
unpleasant (UN) as well as bipolar valence and arousa scales. Par-
ticipants viewed IAPS pictures and after each picture rated their
feelings either according to the bipolar valence-arousa model or
unipolar PL and UN. If the dissociation between vaence and arousa
reflects distinct aspects of emotiona experience (dissociation is dueto
the ingtructions of the arousal and PL/UN scales referring participants
to report different qualia), then reporting one' slevel of arousal should
not be equivalent to reporting on the intensity of pleasant and un-
pleasant valence—arousa should be more than simply the sum of
pleasant and unpleasant fedlings (i.e., pleasant scores plus unpleasant
scores). By contradt, if the sum of reported pleasant and unpleasant
valence is equivalent to self-reported arousal and predicts its physio-
logica correlates, then this result would question the distinction
between arousa and vaence as different emotional qualia They
found that arousal was a function of PL and UN, close to their
addition (Arousa = PL + UN). At the same time they showed that
bipolar valence was adso afunction of PL and UN, and was very close
to their subtraction (Valence = PL — UN).

In particular, the PL + UN sum is highly correlated with the
self-reports of arousa and that it can explain physiologica arousal
(EDA) as well as arousal scores. These results suggest that arousal
and vaence may not be separate qualitative dimensions of emotional
experience. The traditional evidence for dissociation between valence
and arousal was found because valence was measured using a bipolar
vaence scae.

The Present Study

A critical piece of evidence for the distinction between vaence and
arousal comes from the sdlf-reports of arousal, which provide a better
estimate of physiological arousa than vaence (eg., Lang et a.,

1993). As discussed earlier, Kron et a. (2013) demonstrated that
arousal and valence estimated physiologica arousa to the same
degree. Yet this test can provide only a partia test of dependence.
They showed that the correlation between arousal and EDA was very
similar to that of PL and UN. However, demongtrating that correla-
tions are similar does not imply that PL and UN explained the same
component of variance in EDA as arousal scores. One way to test
whether arousal and PL/UN predict the same variance component of
EDA is by estimating the unique variance of EDA explained by
arousal when both PL and UN are present in the same model. This
critical test was not performed on previous data because participants
did not rate PL/UN and arousa for the same pictures. The aim of the
present work was to estimate arousal and PL/UN on the same trid,
which allowed us to perform this critical test of whether there is a
unique variance explained by self-reported arousal.

In the present work we examined the unique contribution of self-
reports of arousa over pleasure and displeasure from two perspec-
tives: when items (pictures) are units of analysis and when partici-
pants are units of analysis. Analyzing the unique contribution of
arousal a the level of items is important given that item norms are
frequently used to alocate stimuli to the different conditions. Thisis
thelevel that previoudly has been most influential in the accumulation
of scientific knowledge in terms of arousa and vaence. If the dis-
tinction between arousal and PL/UN is manifested at the individual
level, but not evident at the item level, it would raise questions about
the research that uses norms of arousal and valence as indicators of
arousal and valence in planning design and data andysis—as it is
frequently done. On the other hand, testing the unique contribution of
arousal and valence within participants is important at the theoretical
level becauseit directly answers the question of whether humans have
distinct qualia of arousa and pleasure/displeasure in response to an
external stimulus. Based on Kron et a. (2013) we predicted that, at
both picture and subject levels of andyss, there would be a strong
association between PL + UN and self-reports of arousal (~ r = .85).
In addition, given the association of PL, UN with arousal, we then
also expected no substantial distinct contribution of self-reports of
arousa above and beyond the effect of PL and UN in predicting
electrodermal response to emationa stimuli.

Method

There were no data exclusionsin this study. All manipulations that
were conducted and al measures that were collected are reported in
the Method section.

Participants

There were 30 University of Toronto students (19 women) who
completed the experiment for monetary compensation or for course
credit. Sample size was determined based on previous experience
with similar design (Kron et a., 2013).

Stimuli

Images were selected from the IAPS (Lang et al., 1997), in such a
way that all possible combinations of arousal and valence of the IAPS
were represented. To ensure that the stimuli were randomly chosen
and were equaly distributed across the arousal-vaence |APS space,
we used an in-house agorithm. The agorithm randomly selected a
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sample of 72 images® such that the resulting two-dimensional shape
of the selected sample was the same as the original shape of the IAPS
set, and al of the images were spread across this shape in a uniform
manner.

Self-Report Scales of Emotional Experience

Standard self-reports of feelings elicited by pictoria stimuli re-
flected not only one's fedlings, but also nonexperiential knowledge,
such as beliefs about expected emotions and semantic knowledge
(Levenson, 2003; Robinson & Clore, 2002). The tendency to rely on
semantics might be stronger when participants were asked to report
their feelings, but they experienced very little or no feglings (Robin-
son & Clore, 2002). This may result in biased data, especialy when
estimating valence. Participants may understand valence as both se-
mantic knowledge about stimuli (stimuli are labeled as having nega-
tive, positive content) and feelings (feelings are unpleasant or pleas-
ant). Based on these observations, we carefully structured the
instructions to refer participants to their feelings. We emphasized two
aspects: that (a) sdlf-reports should reflect the participant’s internal
feelings and not the value of apicture, belief, or semantics; and (b) the
rating of no feelings should be selected if feelings are not detected (see
the Appendix). A Power Point presentation, with dl dides and an
audio recording of the instructions, is available on request from A.
Kron.

The instructions for self-reports had the following four compo-
nents:

1. Explaining to the participants the distinction between se-
mantics and their own experience of fedings. In particular
we emphasized two cases (a) confusing evaluation of fed-
ings with evaluation of the content of the picture (e.g., you
feel pleasure vs. the content of the picture is pleasant), and
(b) confusing feelings with belief or expectation about what
“one should feel” while looking at a picture.

2. Framing thetask asa“feelings detection task,” for example,
“You can think of this scale as avolume knob that indicates
the intensity of your feelings. The question is whether you
detected any fedings, and if yes, what was their intensity?’

3. Reducing the accessibility bias (e.g., reports about semantics
in the absence of strong fedlings) by legitimizing cases of no
feelings: for example, “If you did not detect any feelings
inside you, press [0] and press [1] only if you are sure that
you detect some fedlings.”

4. Specificingructionsfor theratings scales are asfollows: All
scales were composed as volume graphs (see the Appendix)
ranging from O (low) to 8 (high).

 Fedlings scale: Instructed to rate the maximum value of any type
of fedlings (arousdl, pleasure, displeasure, or any other fedling).

» Arousal scale: Instructed to rate feglings of being excited, fren-
zZied, jittery, and/or wide awake.

» Pleasure scale: Ingtructed to rate feelings of pleasure, happiness,
and/or any other pleasant feelings.

* Displeasure scale: Instructed to rate feelings of displeasure, sad-
ness, and/or any other unpleasant fedlings.

Design

Pictures were presented randomly in two blocks of 36 pictures,
with 1-min breaks in between. During each trial, participants rated
their feelings according to four scales: They first rated their overall
feelings making sure they focus on feelings and not semantic
knowledge (see details in the Appendix) and then rated pleasure,
displeasure, and feeling of arousal. Dueto this, the scale for overall
feelings always appeared first whereas the order of pleasure,
displeasure, and arousal scales was counterbalanced across partic-
ipants. Trials began with ablank screen presented randomly for 10
to 21 s. Then, apicture was presented for 6 sfollowed by therating
scales. Each picture was presented full screen onto a 19 monitor
situated 0.5 m away from the participant.

Procedure

Participants provided consent and measuring devices were con-
nected. Then instructions for the rating scales were delivered
followed by a short practice (six trails). Participants then per-
formed the experiment alone in a dimly lit room.

EDA M easurement

EDA data was acquired using (GSR100C Biopac Systems, Goleta,
CA) amplifier (Gain = 20pn.Q,LowPass = 1.0Hz, HP:DC).
Two 6-mm Ag-AgCl, nonpolarizable electrodes (TP-TSD203 Biopac
Systems, Goleta, CA) were placed on the hypothenar eminence of the
left index and middle fingers with 0.5% sdine electrode paste
(GEL101, Biopac Systems, Goleta, CA).

EDA Preprocessing

The 6 s of each picture presentation were divided into 12 haf
seconds. Mean EDA response was computed for each half second
usng ANSLAB 2.4 (2006—2014). EDA activity was measured by log
transformation of the maximum change occurring between 1 and 4 s
after picture onset: maximum and minimum half-second EDA aver-
age scores (microsiemens, ws) were computed both from the time
interval between 1 sand 4 s after picture presentation, subtracted and
transformed (log [(max — min) + 1]); Bradley et al., 2001; Lang et
a., 1993).

Data Reduction and Statistical Analysis

All self-report scores were standardized (M = 0, SD = 1) across
participants so differences in standard deviations of the self-report
scales would not affect estimators of regression coefficients. How-
ever, using raw scores instead of standardized scores did not change
the pattern of results and did not change the significance of the
hypothesis testing.

1 Picture numbers in the IAPS: 1050, 1321, 1441, 1505, 1525, 1605,
1650, 1710, 1720, 2055, 2057, 2075, 2205, 2279, 2309, 2347, 2388, 2491,
2606, 2620, 2630, 2720, 2730, 3010, 3053, 3110, 3168, 3190, 3211, 3550,
4005, 4310, 4525, 4664, 4668, 4669, 4697, 5000, 5200, 5300, 5470, 5621,
5740, 5760, 6212, 6230, 6242, 6900, 6910, 7002, 7004, 7031, 7040, 7054,
7058, 7351, 7509, 7900, 8021, 8160, 8163, 8230, 8480, 8501, 9000, 9001,
9090, 9253, 9360, 9403, 9417, 9432.
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Item-level analysis. All sdf-report and EDA scores were aver-
aged across participants resulting in 72 data points. Each data point
reflected a specific picture, mean EDA for that picture, and four
means of self-report scores (arousal, PL, UN, and overdl feelings) for
that picture.

To evaluate EDA’s variance explained exclusively by arousa
we used three approaches:

1. Estimating the increment of EDA’s variance explained by
arousal scores over variance explained by PL and UN. We
used a significance test for regression coefficient of arousa
when it was entered simultaneoudly with PL and UN to the
same model.

EDA = by + bp, (PL) + bypy(UN)

Statistical significance of this test is equivalent to testing the
difference between full and partial models (R%_AROUSAL, PLUN —
RS pLun) (Pedhazur, 1997).

2. Because conclusions may involve accepting the null hy-
pothesis (no difference between arousa and pleasure/dis-
pleasure), in addition to relying on hypothesis testing and
the significance test, we also compared the two models by
Bayesian model selection criterion, or the Bayesian infor-
mation criterion (BIC; Schwarz, 1978; see dso Burnham &
Anderson, 2004). BIC is computed for the partial (PL, UN)
and the full (PL, UN, AROUSAL) model. Application of
other modd fit criteria (e.g., AIC, Akake, 1974) provides
the same results and conclusions.

3. Partid regression coefficients (i.e,, 1) and Bayesian criterion
(i.e,, 2) are informative about whether the model including
arousal and PL, UN is different from the model including
only PL and UN, without arousal. However, these measures
are less informative about the degree to which arousal
contributes to PL and UN. To estimate the effect sizes and
contribution of arousal over PL and UN we computed the
squared semipartial correlation (this is the squared correla
tion between arousal and EDA when variance related to PL
and UN is partidled out from arousal scores) and compared
it to the square correlation of PL and UN. Squared semi-
partial measures were computed using Type Il error to
estimate the unique component of arousal. It is reported in
results as sprf.

Within individual level analysis. To evaluate EDA’s variance
explained exclusively by sdlf-reported arousa at the individud level
we take the same approach as in item analysis using the following
measures. (a) Estimating an increment of EDA’s variance explained
by arousal scores over variance explained by PL and UN was done by
asimultaneous multilevel regression with the participant’ sintercept as
a between-second level random variable and PL, UN and arousal as
within-second level fixed variables (PROC MIXED, SAS). Such
andysis provides estimation for the average association between the
predictor (e.g., arousa) and the criterion (e.g., EDA) within partici-
pant (Van den Noortgate & Onghena, 2006). (b) The Bayesian factor
was computed based on the multilevel regression model. (c) Effect

sizes and partial effect sizes were computed according to Cohen's f2
for linear mixed models with random effect (Selya, Rose, Dierker,
Hedeker, & Mermelstein, 2012).

Results

Norm Validity

Norm validity for arousal was computed by a correlation of
arousal ratings (72 pictures) with IAPS norms and showed high
association, r = .80, similar to previous research (Ito et a., 1998).

Item Level Analysis

Association of PL, UN with self-reported arousal. PL + UN
scores were associated highly with arousal scores, r = .88, p < .001
(see Figure 23). Given that the reliability of arousal scores (a corre-
lation of arousal scores with themselves) can reach amaximumof r =
.86 (Ito et d., 1998), the correlation here between PL + UN and
arousal explained al nonerror variance in arousa scores, suggesting a
unity between PL + UN and arousal in this andysis. Together in the
same regression model, both PL and UN scores are positively asso-
ciated with arousal scores, explaining 77% of its variance, b, = .55,
Cl [45, .66], t(69) = 10.6, p < .001, spra = .37; by, = .60, CI [.52,
68], 1(69) = 15.2, p < .001, spri = .75.

Association of PL, UN, and arousal with EDA. PL + UN and
arousal show similar significant association with EDA, r = .52,
p <.001;r = .52, p < .001, respectively (see Figure 2b). Together
in the same regression model, both PL and UN scores are posi-
tively associated with EDA, explaining 28% of its variance, by, =
.001, CI [.0003, .002], t(69) = 2.53, p < .01, spri = .06, b,y =
.002, CI [.001, .003], t(69) = 5.22, p < .001, sprj = .21.

Unique EDA’s variance explained by arousal. No signifi-
cant evidence was found for distinct variance explained by
arousal beyond PL and UN, b,,,ca = -002, CI [—.0005, .004],
t(68) = 159, spri = .025, BICgpa_pLun —633.3,
BICepa—pL unarousa. = —624.4 (smaller BIC implies better fit).

Within Individual Level Analysis

Association of PL, UN, and arousal with EDA. Both PL +
UN and arousa ratings show significant association with EDA,
b . un = 001, CI [.0008, .0018], F(1, 2,129)% = 24.82, p < .001,
f2=.009; b, ous = -001, CI [.0007, .0017], F(1, 2,129) = 18.86,
p < .001, f2=.009, respectively. Together in the same model, PL
and UN are positively associated with EDA, by, = .0006, F(1,
2,128) = 5.74, p < .01; by, = .001, F(1, 2,128) = 29.06, p <
.003.

Unique EDA’s variance explained by arousal. No signifi-
cant evidence was found for unique variance explained by arousal,
Barousa = -0005, 1(2,227) = 1.87, BICepp_p un = —13319,
= —13307, spri = .0008, f2 = .00000.

BI CEDA: PL,UN,AROUSAL

2 Default denominators degrees of freedom for fixed effect in PROC
MIXED with random effect (subject intercept) are calculated here as
(N-s-p) when N-number of observations (30 subjects X 72 pictures), where
s equals the number of subjects and p equals the number of predictors.
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Global Emotional Experience

In this study we use the overall feelings scale as a way of
focusing participants onto their global feeling state and to ensure
that they understood that ratings of PL, UN, and arousal all reflect
emotional experience and not the semantic/evaluative dimensions
of the stimuli. Next we examined the relative association between
arousal and PL and UN with ratings of overall feelings. Such an
analysis is informative because arousal may be a distinct compo-
nent of global emotional experience even though it does not
provide a better estimation specifically of physiological arousal.

Item level analysis.

Association of PL, UN, and arousal with overall feelings.
PL + UN and arousal showed similar high association with overal
fedings, r = .98, p < .001; r = .92, p < .001, respectively. Together
in the same regression model, both PL and UN scores were positively
associated with overal fedings, explaining 96% of its variance,
bo, = .72 Cl [.67355, .77446), 1(69) = 28, p < .001, spra = .38,
by = .87, Cl [.83303, .90953], t(69) = 45, p < .001, spri = .96.
There was, however, wesk evidence for digtinctive variance accounted
for by arousa, baroyusa = <33, CI [.25465, .42051], t(68) = 8.12, p <
001, BICepa—pLun = —111, BICepa—pL unarousa. = —193.7, ex-
plaining 1.5% of unique variance (spri; = .015) beyond 96% that was
explained by PL and UN.

Within individual level analysis.

Association of PL, UN, and arousal with overall feelings.
Both PL + UN and arousdl ratings show significant association with
overdl fedings, bp, .y = -86, Cl [.8404, .8816], bp, .y = 86, Cl
[.8404, .8816], F(1, 2,129) = 6,734, p < .001, f2 = .75; bDarousal =
.78, Cl [.7529, .8102], F(1, 2,129), = 2,862, p < .001, f> = .81,
respectively. Together in the same model, PL and UN were positively
associated with overall fedings, by, = .61, Cl [.5927, .6338], F(1,
2,128) = 3,415,p < .001, spri = .37, by = .77, Cl [.7548, .7945],
F(1, 2,128) = 5,860, p < .001, sprﬁ = .59. Once again, arousal
explained a small digtinct portion of variance in overdl fedlings,
Barousa. = 32, F(1, 2,127) = 606, p < .001, BICepp—p un =
2,470, BICepa—p unarousal = 1,943, accounting for 4% of unique
variance (f> = .06) over the 75% explained by PL and UN.

General Discussion

In this work we examined whether arousal and valence are
distinct components of emotional experience. The hypothesis that
predicts valence and arousal to be distinct feelingsin the context of
picture viewing relies on two types of evidence: the dissociative
relationship of arousal and valence with physiological arousa
(eg., Lang et al., 1993), and the limited association between
self-reports of valence and arousal (Ito et al., 1998). The current
experiment addressed this question with three tests. First, we
showed that self-reports of arousal did not contribute to prediction
of physiological arousal over the contributions of feelings of
valence. Second, we replicated previous findings (Kron et a.,
2013) and showed a strong association between self-reports of
PL + UN and arousal. Third, we demonstrated there was dimin-
ishingly small relative contribution of arousal over valence in
predicting feelings at two levels: the items level and the within-
individual level.

The results from the item-level analysis reflected the aggrega-
tion of PL and UN scores across participants and therefore are
primarily informative for the experimental designs that model
emotions by selecting stimuli according to the IlA’s item’s norms
of valence and arousal. The model of emotions one uses is most
accurately reflected in the rules or criteria by which stimuli are
assigned to the different conditions in research design. Currently,
criteria that are used to assign stimuli to experimental conditions
are based on self-reports of emotional experience (e.g., the I1A
norms of valence and arousal). Due to this, the role of the I1A
norms in research design and the accumulation of knowledge
about emotions in terms of valence and arousal should not be
underestimated.

At the level of items, PL and UN feelings predict both physio-
logical activity (EDA) and self-reports of arousal. Self-reported
arousal showed a small unique variance in predicting overal
feelings (1.5% over 96% explained by valence). These results
suggest that, arousal does not appear to be substantialy distinct
from dual unipolar valence. Although previously used to establish
the distinction between valence and arousal (e.g., Lang et 4.,
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1993), this item based is based on aggregated scores across indi-
viduals. Therefore they may not answer the question of whether
humans are able to distinguish between arousal and valence as
separate components of feelings during a specific emotional ex-
perience. When focused at the resolution of individual (trial-based)
responses, we found only weak evidence for such a distinction
even. Feelings of arousal and valence showed no difference in
predicting physiological arousal, with no evidence of self-reported
arousal accounting for unique variance over valence. In predicting
self-reports of overall feelings, we found a 4% unique variance
contributed by arousal over the 76% explained by bivariate va-
lence. This small portion of unique variance may represent a
distinct feeling of arousal, or some other aspect of experience that
is captured in one’s assessment of overall feelings, such as uncer-
tainty or ambivalence. Thus, if arousal is dissociated from bipolar
valence, then it is not because participants can introspect on highly
distinct types of feelings. Given such a small contribution of
self-reported arousal, the results of the individual-level anaysis
question the importance of the unique component of emotional
experience of arousal in human emotional experience, at least
those responses that are evoked by an external stimulus.

By claiming that self-reported arousal does not show a substan-
tial contribution over valence (pleasure and displeasure) we do not
suggest that physiological arousal is not a unique subsystem of
emotional response. In the emotion literature, the term arousal is
used in at least three different contexts. First, arousal is used to
describe systems that relate to physiological responses (e.g., retic-
ular activation system, autonomic nervous system; Jones, 2003).
The second meaning of the term refers to the name that is given to
afactor in alatent variable models (e.g., Yik, Russell, & Barrett,
1999). In the latent variable, participants are not asked to report
about the level of arousal but, arousa is a title given by the
researcher to a group of items that are believed to reflect com-
monality of arousal. Finally, the term arousal refersto the observed
(not latent) self-report scale (e.g., Lang et al., 1999) on which
participants are asked to report about feelings named arousal. In
this work we do not argue against the specificity of physiological
arousal and we do not claim that there is no such experience as
arousal that is independent of valence (such as a feeling of arousal
when a person walks up the stairs). Our claim is concerned with
the meaning of arousa in the context of observed self-report
scales, such as those implemented in the 1A stimuli pools. Within
the context of emotional response, arousal and pleasure/displea-
sure are not separable in emotional experience, and, consequently,
using self-reports of arousal in addition to bivariate valence (uni-
polar positive and negative affect) valence to model emotions, as
is done in numerous experiments is empirically redundant. When
employing bipolar valence (pleasant vs. unpleasant), rather than
capturing a unique aspect of emotional experience, the additional
measurement of self reported arousal makes up for valence infor-
mation loss inherent to bipolar scales, such as mixed valence
experiences (Kron et a., 2013).

In this study we used the IAPS pictures. There are severa
limitations that come with using only emotional pictures. First, the
IAPS pool includes only a limited number of content categories.
Second, there is a limit to the degree that pictures can dlicit a
strong emotional response (e.g., attending a funeral vs. viewing a
picture of it). Although the other two emotion stimuli pools
(IADS—for audio recording; ANEW—for English words) show

the same relationship between bipolar valence and arousdl, it is
important to support these findings in other content categories and
modalities. In addition, in the current study we examined only
immediate response to pictorial stimuli. Thus, it is not clear
whether the strong link between self-reported arousal and valence
also will be manifested in prolonged affective states that are not
necessarily coupled with external stimuli (e.g., moods, current
affect; Yik et al., 1999).

Another limitation of our study is that the models of conscious
experience of emotions are estimated by self-reports, which them-
selves are only proxiesto their underling qualia and might involve
metacognitive description and interpretation of the experience,
biases and thus reflect not only emotions but also attitudes toward
events (Robinson & Clore, 2002). In this work we tried to elimi-
nate such alternative explanations by using a physiological crite-
rion (EDA) and self-report scales that focus on reporting actual
feelings. However, the gap between self-reports and experience
itself is valid and challenging and should be kept in mind when
applying models based on self-reports of experience of emotions.

Finaly, our results suggest a strong analytical link between the
bipolar valence-arousal model and the two-unipolar valence
model. Although strongly related (bipolar valence ~ PL — UN;
arousal ~ PL + UN), the two models result in a different parsing
of the emotional space and influence how physiological and neural
activation associated with the emotional response is mapped and
interpreted. Although the results earlier suggest that the assump-
tions underlying the bipolar valence-arousal model are not justi-
fied, at the same time, they emphasize the challenge in selecting
between the two models, given the strong analytical relationship
between them. One factor in deciding between the two models is
the research on mixed emotions (simultaneous activation of plea-
sure and displeasure). According to the bipolar valence-arousal
model, pleasure and displeasure are mutually exclusive, while the
two-unipolar model assumes separate representations of pleasure
and displeasure (and consequently permits its parallel activation).
Thus, if mixed emotions exist, they strongly support the two-
unipolar valence model over the bipolar valence arousa model.
Currently, accumulating evidence suggests that participants can
report about experience of mixed emoctions (e.g., Ersner-
Hershfield, Mikels, Sullivan, & Carstensen, 2008; Hunter, Schel-
lenberg & Schimmack, 2008; Kron et al., 2013; Larsen &
McGraw, 2011; Larsen, McGraw & Cacioppo, 2001; Stanley &
Meyer, 2009; Williams & Aaker, 2002). However, strong evidence
for parallel activation of pleasure and displeasure is till missing,
given that al the previous evidence for mixed emotionsis primar-
ily based on self-reports and it is not clear if pleasure and displea-
sure are activated simultaneously or serialy (Larsen & McGraw,
2011). Future research that would provide support for parallel or
serial activation of pleasure and displeasure in mixed emotions has
the potential to contribute substantially to the decision between the
models.
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Appendix

Instructions for Ratings Scales

Theinstructions, given here, are written in everyday language to
improve communication with participants. Each experimenter
learned the instructions by heart and all experimenters had 2 days
of practice to make sure the instructions were delivered fluently (a
Power Point presentation, with al slides and an audio recording, is
available by request from A. Kron).

Introduction to Instructions

* “Welcome to the experiment!”

 “Inthis experiment you will see aset of picturesand | will ask
you to report about your feelings, about what you feel while
viewing each picture. Now, reporting about your feelings is not
always easy. Feelings can be vague. Sometimesit is not clear what
to report about when asked to report about your feelings. In these
instructions | will explain to you what | mean when | ask you to
report about your feelings.”

« “Let’sbegin by looking at these two pictures [participants see
aneutral image followed by a picture that elicits strong unpleasant
feeling].”

» “Did you notice any difference in your feelings?’

» “] want to be more specific. | am asking you to report about
what you actually felt. | am not asking you if the picture was
pleasant or unpleasant, your opinion about the picture, what you
expected yourself to feel or what you thought we expected you to
feel, but only the actual feeling that you experienced, while view-
ing the picture.”

Overall Feelings Rating Scale
 “Each picture will be followed by the rating scales. Thisisthe
first rating scale: the intensity of your feelings’ (see Figure Al).
» “Here, you are asked to report about any type of feelings. The
questions here is weather you have detected any type of feeling,

Feelings

il

Figure Al. Rating scale for overall feelings. Ratings scales for other
emotions where identical except for the title. We used the titled “ pleasure”,
“displeasure,” and “arousal” for the other three types of feelings.

Feelings

DDDDDDHHD

Pleasure 8

Figure A2. Scale for pleasant feelings. This scale emphasized that par-
ticipants were to report about their feelings and not semantic knowledge.

for example, pleasure, displeasure, arousal, or any other type of
feelings. You can think of this scale as a volume knob that
indicates the intensity of your feelings. If you have not detected
any feelings inside you, press here [experimenter points on the
screen to 0]. If you are not sure if you have detected any feelings,
also press here [experimenter points on the screen to 0]. If you
have detected some feelings, you can rate their intensity here [the
rest of the scal€]. If you experienced ambivalent feelings or several
types of feelings at the same time, rate the intensity of the strongest
type of feeling you experienced.”

» “However, make sure that you move from here [pointing to 0]
to here [pointing to 1] only when you are certain that you have
detected some feeling inside you.”

Pleasure Rating Scale

e “The first scale asked whether you detected any feelings
inside you. Now we move to the next scale; here | ask you about
specific feelings.”

* “This is the scale for pleasure, happiness, and other positive
feelings” (pointing at Figure A2).

« “If you have not detected any real pleasure, happiness or
other positive feelings inside you, press here [pointing to 0]. If
you are not sure if you have detected any positive feeling, also
press here [pointing to 0]. If the pleasant feeling was vague
press here [pointing to 0]. Y ou can move from here [pointing to
0] to here [pointing to 1] only if you are sure that you have

(Appendix continues)
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experienced some pleasant feeling. Once you move here [point-
ing to 1] you can indicate the intensity of the pleasant feelings
on the rest of the scale. “

Displeasure Rating Scale

e “Thisisthe scale for displeasure, sadness, and other negative
feelings (same scale as Figure 2 except with the title ‘ displeasure’
instead of pleasure). If you have not detected any real displeasure,
sadness, or other negative feelings inside you, press here [pointing
to Q). If you are not sure if you have detected any negative feeling,
also press here [pointing to Q]. If the unpleasant feeling was vague
press here [pointing to 0]. Y ou can move from here [pointing to 0]
to here [pointing to 1] only if you are sure that you have experi-
enced some unpleasant feeling. Once you moved here [pointing to
1] you can indicate the intensity of the unpleasant feelings on the
rest of the scale.”

Arousal Ratings Scale

e “This is the scale for feelings or sensation of arousa (by
arousal | mean how excited, wide awake, frenzied, jittery you feel
while viewing a picture [same scale as Figure 2 only with the title
‘arousal’ instead of ‘pleasure’]. If you have not detected any real
sensation of arousal, inside you, press here [pointing to 0]. If you
are not sure if you have detected any feeling or sensation of
arousal, also press here [pointing to 0]. If you have detected actual
feeling of arousal you can rate its intensity here [the rest of the
scale]. Make sure that you move from here [pointing to 0] to here
[pointing to 1] only when you are certain that you have detected
real sensation or feeling of arousal inside you.”

 [Begin practice]
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