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Abstract

The present article compares dimensional models of a�ect with each other. The article
focuses on the pleasure±arousal model, the energetic and tense arousal model, and a
three-dimensional model with separate pleasure±displeasure, awake±tiredness, and
tension±relaxation dimensions. The results show that the three-dimensional model
cannot be reduced to a two-dimensional model. Problems of the two-dimensional
models' reductionism are discussed. We conclude that a three-dimensional description of
a�ect is necessary. However, the three-dimensional model is not su�cient to account for
all aspects of the structure of a�ect. Copyright # 2000 John Wiley & Sons, Ltd.

INTRODUCTION

Since the beginning of psychology the structure of a�ect has been a topic of con-
troversies. Wundt (1896)Ðin LeipzigÐargued for his well known three-dimensional
theory of a�ective experiences (see Reisenzein, 1992, for a comprehensive review). He
proposed that a�ective experiences are mixtures of six basic feelings. Some of these
feelings were considered mutually exclusive so that they were represented as bipolar
opposites, namely pleasure±displeasure, tension±relaxation, and arousal±calmness.
In contrast, Titchener (1908)Ðin CornellÐargued that the structure of a�ect is only
one-dimensional because the pleasure±displeasure dimension is the only basic
dimension of a�ect. In a review of this controversy, Beebe-Center (1932) suggested
jokingly that the structure of a�ect might be ``three-dimensional in Leipzig but uni-
dimensional at Cornell'' (p. 67).

One hundred years later one might come to a similar conclusion. The North
American literature favors two-dimensional models (e.g. Lang, 1995; Larsen and
Diener, 1992; Russell, Weiss andMendelsohn, 1989; Thayer, 1989; Watson and Clark,
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1997). In contrast, European researchers from Sweden (SjoÈ berg, Svensson and

Persson, 1979), Britain (Matthews, Jones and Chamberlain, 1990), and Germany

(Steyer, Schwenkmezger, Notz and Eid, 1994) favored a three-dimensional model.

However, the present cross-Atlantic di�erences did not create a controversy because

the two-dimensional model dominated the a�ect literature, whereas the three-

dimensional model was often ignored. For example, a recent special issue on the

structure of a�ect in the Journal of Personality and Social Psychology did not mention

this model at all (cf. Diener, 1999). The three major publications supporting the three-

dimensionalmodel have been cited 132 times (SjoÈ berg et al., 1979), 80 times (Matthews

et al., 1990), and 13 times (Steyer et al., 1994). In contrast, major publications

supporting the two-dimensional models have been cited 721 times (Watson and

Tellegen, 1985), 413 times (Russell, 1980), and 178 times (Thayer, 1989).1Due to the

neglect of the three-dimensional model, there exist virtually no explicit comparisons of

two-dimensional models with the three-dimensional model (see Matthews et al., 1990;

Schimmack, 1999, for exceptions). The main aim of the present article is to provide a

quantitative comparison of the models by testing the ®t of these models to actual data.
There are several reasons why researchers in di�erent regions of the world could

propose di�erent structural models of a�ect. One explanation could be that the

structure of a�ect indeed varies across cultures. However, several arguments render

this explanation unlikely. First, structural analyses of a�ect often yield similar results

across cultures when the same method is used (Shaver, Wu and Schwartz, 1992).

Second, Reisenzein and Schimmack (1999) found that the correlation matrices among

mood ratings in di�erent studies are very similar, even though these studies proposed

di�erent structural models. The authors proposed that di�erences in structural

models of a�ect are often due to methodological preferences. For example, historic-

ally researchers used the eigenvalue-greater-than-one criterion to determine the

number of factors. This approach supported models with up to 12 distinct mood

scales (see Schimmack, 1997, for a review). When researchers used the scree test, the

same data sets supported a structure with two orthogonal bipolar factors (Watson

and Tellegen, 1985). When researchers speci®ed models with three factors that were

allowed to covary, the three-dimensional model received support.
We suggest that the use of di�erent methods also explains the discrepancy between

US American and European structural models. The European three-dimensional

model was found in factor analyses with oblique rotation; these analyses suggested a

structure with three correlated dimensions (Figure 1). The bipolar dimensions are

marked by pleasure±displeasure, awake±tired, and tension±relaxation. The arrange-

ment of the dimensions in Figure 1 reveals that pleasure±displeasure is positively

correlated with awake±tired and negatively correlated with tension±relaxation

(Matthews et al., 1990; Steyer et al., 1994). Although Figure 1 displays the three

dimensions in a two-dimensional ®gure, the three-dimensional model implies that a

reduction to two dimensions entails a loss of valid information and does not ®t the

data.
In contrast, US American researchers preferred models with orthogonal factors.

These analyses suggested a structure with two factors. It is commonly assumed that

di�erent two-dimensional models represent the same two-dimensional space, but

1Numbers of citations were taken from the Social Science Citation Index on the Web of Science as
of September 1999.
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consider di�erent sets of dimensions as basic (Russell and Feldman Barrett, 1999).
Some researchers describe the structure in terms of a bipolar pleasure±displeasure
dimension and an orthogonal arousal dimension, which is called general activation in
Figure 1 (e.g. Russell and Feldman Barrett, 1999). Others use a di�erent set of
dimensions that are assumed to be a 458 rotation of pleasure±displeasure and
general activation. These dimensions are called energetic arousal and tense arousal
(Thayer, 1989; see Figure 1). These models imply that the three dimensions of the
European model can be placed into a two-dimensional space because some
dimensions are mixtures of other dimensions. The energetic and tense arousal
model entails that pleasure±displeasure and general activation are mixture of
energetic arousal and tense arousal (Thayer, 1989). In contrast, the pleasure±arousal
model proposes that tense and energetic arousal are mixtures of pleasure±displeasure
and general activation.

Over the past 15 years a�ect researchers have focused nearly exclusively on the two-
dimensional models and tried to determine which of the two-dimensional models
re¯ects basic dimensions of a�ect. In other words, it was already taken for granted
that the structure of a�ect is best characterized by two orthogonal dimensions; the
remaining question was to determine which rotation re¯ects the basic components of
a�ective experiences (e.g. Frijda, 1993; Larsen and Diener, 1992; Reisenzein, 1994;
Russell and Feldman Barrett, 1999; Watson and Tellegen, 1985). However, recent
con®rmatory tests of the two-dimensional model undermine the basic assumption
that the structure of a�ect is two dimensional. For example, Watson, Wiese, Vaidya
and Tellegen (1999) concluded that ``all of the major conceptualizations of the
circumplex [i.e. the two-dimensional model] have been found wanting, even after key
assumptions (such as equal spacing around the perimeter of the circle) are relaxed.
Clearly, the neat schematic depicted in Figure 1 fails to capture the complexity of real-
world data'' (p. 822). In addition, the two-dimensional models and their operational-
izations encounter several other problems (e.g. Larsen and Diener, 1992). We discuss
each of these problems in turn and demonstrate how the three-dimensional model
solves these problems.

Figure 1. Dimensional models of core a�ect

A�ect structure 327

Copyright # 2000 John Wiley & Sons, Ltd. Eur. J. Pers. 14: 325±345 (2000)



Poor Fit of Two-Dimensional Models to the Data

The major problem of the two-dimensional model is that it does not ®t the data. We

suggest that the reason for this ®nding is very simple. Even proponents of
two-dimensional models recognize that further dimensions are needed to provide a
complete description of a�ective experiences (Reisenzein, 1994; Russell and Feldman
Barrett, 1999; Watson et al., 1999). For example, Reisenzein (1994) noted that two-
dimensional models cannot explain the ®ner distinctions between speci®c emotions
such as anger, envy, disappointment, or love, gratitude, and pride. He proposed that a
two-dimensional model might represent the a�ective core of a�ective experiences, but

that additional non-a�ective components are needed to account for further distinc-
tions (see also Russell and Feldman Barrett, 1999, for a similar view). The distinction
between core dimensions and additional dimensions might account for the poor ®t of
two-dimensional models when researchers study the structure of emotions (Shaver,
Schwartz, Kirson and O'Connor, 1987; Storm and Storm, 1987). However, these
results do not refute the possibility that the structure of core a�ect is two dimensional
(Reisenzein, 1994; Russell and Feldman Barrett, 1999).

To test the structure of core a�ect, researchers ®rst need to select a set of a�ect words
that describe core a�ects. Schimmack and Siemer (1995) found that lay people

distinguish between typical mood descriptors and typical emotion descriptors. For
example, relaxed and tense were typical mood words, whereas disgusted and guilty
were typical emotion words (see also Reisenzein, 1994). Furthermore, the authors
found that mood words and emotion words were distinguished by ratings of inten-
tionality. Emotion words usually imply an object (e.g. I love somebody, I am afraid of
dogs), whereas mood words are not directed at objects (e.g. I am relaxed, I am tired).
Based on Reisenzein's (1994) model of core a�ect, Schimmack and Siemer (1995)

proposed that typical mood words denote non-intentional a�ective states that could
also be at the a�ective core of intentional states such as emotions. Hence, a structural
analysis of typical mood terms, but not emotion terms, might illuminate the number of
basic a�ect dimensions (see Frijda, 1993; Reisenzein and SchoÈ np¯ug, 1992; Russell
and Feldman Barrett, 1999; Steyer et al., 1994, for similar distinctions).

There also appears to be general agreement regarding descriptors of core a�ect. For
example, Russell and Feldman Barrett (1999) list alert, excited, elated, happy,
pleasant, contented, serene, relaxed, calm, fatigued, lethargic, depressed, sad, unplea-

sant, upset, stressed, nervous, and tense as examples of core a�ects. This list overlaps
with the selection by Steyer et al. (1994) of pleasant, unpleasant, awake, tired, relaxed,
tense (and close synonyms). In short, there is agreement that at least pleasure,
displeasure, tension, relaxation, wakefulness, and tiredness are descriptors of core
a�ect. Two-dimensional models imply that correlations among descriptors of core
a�ect form a two-dimensional space (e.g. Russell and Feldman Barrett, 1999).
However, empirical studies show that two-dimensional models do not ®t the

intercorrelations among descriptors of core a�ects (Watson et al., 1999). We propose
that the poor ®t was due to the misrepresentation of some dimensions as mixtures of
other dimensions. We propose that energetic and tense arousal are basic dimensions
that cannot be reduced to mixtures of pleasure±displeasure and an orthogonal
activation dimension. Similarly, we propose that pleasure±displeasure is not a
mixture of energetic and tense arousal. All three dimensions are basic a�ect
dimensions that can vary separately from each other. The poor ®t of two-dimensional
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models is due to the false assumption that some dimensions of core a�ect are mixtures
of others.

The Nature of Arousal

One major problem of the pleasure±arousal model is that the arousal dimension is
poorly de®ned. Russell and Feldman Barrett (1999) de®ne the arousal dimension as a
unidimensional continuum ``ranging from, at the low end, sleep through drowsiness,
relaxation, alertness, activation, hyperactivation, and ®nally, at the opposite end,
frenetic excitement'' (p. 809). This description of the arousal dimension suggests that
arousal varies along a single dimension with tired and relaxation as markers of low
arousal and tension and wakefulness as markers of high arousal. In contrast, other
models suggest that there exist two separate and largely independent arousal dimen-
sions, awake±tired or energetic arousal, and tense±relaxed or tense arousal (Matthews
et al., 1990; Steyer et al., 1994; Thayer, 1989).We suggest that sometimes the poor ®t of
two-dimensional models is due to the combination of two separate arousal dimensions
into a single activation dimension (cf. Watson et al., 1999).

A revised pleasure±arousal model (Russell and Feldman Barrett, 1999) claims the
existence of three arousal dimensions. Besides the already familiar energetic and tense
arousal dimensions, it postulates a third arousal dimension that is orthogonal to the
pleasure±arousal dimension. We call this dimension the general activation dimension.
This model recognizes that tension±relaxation and wakefulness±tiredness are two
separate dimensions. It explains this ®nding by assuming that energetic arousal
re¯ects a mixture of pleasure and general activation, whereas tense arousal re¯ects a
mixture of displeasure and general activation. As a consequence, it is still a two-
dimensional model because two arousal dimensions are merely mixtures of a basic
pleasure±displeasure and a basic general activation dimension.

However, this model encounters two new problems. First it has been di�cult to ®nd
words that describe the general activation dimension. For example, Watson and
Tellegen (1985) found only six markers of this dimension, namely aroused, astonished,
surprised for high general activation, and quiescent, quiet, and still for low general
activation. However, surprised and astonished cannot be considered descriptors of
core a�ect because these are intentional states (Meyer, Reisenzein and SchuÈ tzwohl,
1997). Surprise can also not be amarker of a basic a�ect dimension that combines with
pleasure to produce wakefulness. This would imply that people are always pleasantly
surprised when they are awake. This prediction is inconsistent with the fact that people
are much more often awake than surprised. Hence, surprise cannot be a descriptor of a
basic a�ect that is underlying wakefulness because a basic a�ect has to be present
whenever one of its mixtures is present (Reisenzein, 1995). At the low end, quiet and
still are not very typical a�ect descriptors (Schimmack and Siemer, 1995). Further-
more, Schimmack (1998, unpublished manuscript) found that markers of the general
activation dimension often have very low communalities (50.30). Hence, even items
that seem to describe the general activation dimension are only weakly related to this
dimension. In short, there is very little support for the existence of a general activation
dimension, and it has been di�cult to measure it directly (Watson et al., 1999).

Another problem of the revised pleasure±arousal model is its prediction that
wakefulness is always pleasant because pleasure is a component of wakefulness, and
that tiredness is always unpleasant because displeasure is a component of tiredness.
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However, common sense and empirical data (Schimmack, 1999) show that it is
possible to feel awake and unpleasantÐfor example when one needs to sleep but
cannot fall asleepÐand to feel tired and pleasantÐfor example after a strenuous and
successfully completed task.

The three-dimensional model provides an easy solution to the conceptualization of
arousal. First, it recognizes that wakefulness±tiredness and tension±relaxation fre-
quently emerge as separate dimensions (Thayer, 1989; Watson and Tellegen, 1985).
Second, it does not postulate a third arousal dimensions that lacks descriptors in
everyday language. Third, it does not make the assumption that arousal is intrinsically
pleasant or unpleasant. It simply assumes that wakefulness±tiredness and tension±
relaxation are two separate arousal dimensions that are not mixtures of other more
basic dimensions.

The Nature of Pleasure

Even Wundt and Titchener agreed that pleasure and displeasure are fundamental
properties of a�ective experiences, and most models of a�ect have maintained this
assumption (Frijda, 1999; Ortony, Clore and Collins, 1988; Reisenzein, 1994; Russell
and Feldman Barrett, 1999; Steyer et al., 1994). The energetic and tense arousal model
is a notable exception (Thayer, 1989). This model assumes that pleasure and
displeasure are mixtures of two arousal dimensions. Pleasure is characterized as a state
of high energetic arousal and low tense arousal, whereas displeasure is a state of high
tense arousal and low energetic arousal. Empirical tests of this hypothesis, however,
consistently fail to support this prediction (Matthews et al., 1990; Schimmack, 1997,
1999; Steyer et al., 1994). The three-dimensional model does not make this con-
troversial and unsupported prediction. It recognizes that pleasure±displeasure is a
basic dimension of a�ect, and yet allows for empirical relations between the two
arousal dimensions and pleasure±displeasure.

The Unsolved Question of Basic Dimensions

For the past 15 years, researchers have contemplated the question of ``which pair of
axes [in the two-dimensional model] actually re¯ects the fundamental, `basic' dimen-
sions of a�ect'' (Watson et al., 1999, p. 828). Proponents of the pleasure±arousal
model have stressed that it is easy to de®ne a�ect words as combinations of pleasure
and arousal, whereas it is more di�cult to de®ne a�ect words as combinations of
energetic and tense arousal. For example, excitement can be de®ned as a mixture of
pleasure and arousal, but it sounds odd to de®ne pleasure as a combination of wakeful
relaxation (Reisenzein, 1994). In contrast, proponents of the alternative model have
pointed out that the orthogonal arousal dimension is poorly de®ned, di�cult to
measure, and a questionable candidate for a basic a�ect dimension (Watson et al.,
1999).

We suggest that both views are limited by the assumption that there can be only two
orthogonal basic dimensions. By giving up this restrictive and unsupported assump-
tion, the three-dimensional model captures the appealing aspects of two-dimensional
models. First, in line with the pleasure±arousal model, it maintains that pleasure±
displeasure is a basic dimension of a�ect. Second, in line with the energetic and tense
arousal model, it maintains the well replicated ®nding that common descriptors of
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arousal (i.e. awake, tired, tense, relaxed) vary along two separate dimensions, namely
awake±tired and tense±relaxed. The three-dimensional model also avoids the
problematic assumptions of two-dimensional models. First, unlike the pleasure±
arousal model, it does not postulate a basic, general activation dimension that has no
markers in everyday language. Second, it does not assume that awake and tired are
intrinsically pleasant or unpleasant. Third, unlike the energetic and tense arousal
model, it does not assume that pleasure±displeasure is a mixture of two activation
dimensions.

OVERVIEW

We present two studies that test the dimensionality of core a�ect. For this purpose, we
focus on three bipolar dimensions that are common to dimensional models of a�ect,
namely pleasure±displeasure, awake±tiredness, and tension±relaxation. Then we
tested the ®t of two-dimensional and three-dimensional models to the data. In study
1, we obtained a�ect ratings at one moment in time. In study 2, we obtained a�ect
ratings on two occasions. This approach has two advantages. First, it allows us to
control response styles and systematic measurement error (e.g. Watson et al., 1999).
Second, it allows us to explore the relation between changes in di�erent a�ect
dimensions.

We used bipolar indicators of core-a�ect dimensions for two reasons. First, our
main goal was to compare dimensional models of core a�ect that all postulate bipolar
dimensions. Hence, the assumption of bipolarity is shared by all models and does not
discriminate between models. Second, it has become clear that Pearson correlations
are inappropriate for the test of bipolarity (Eid, Notz, Schwenkmezger and Steyer,
1994; Diener and Iran-Nejad, 1986; Russell and Carroll, 1999; Schimmack,
Bockenholt, Reisenzein and Diener, 1999, manuscript submitted for publication).
The reason is that even if, for example, pleasure and displeasure were mutually
exclusive, the Pearson correlation would not approach a value of ÿ1 for purely
mathematical reasons. Furthermore, the exact Pearson correlation depends on the
distribution of responses. Hence, a Pearson correlation does not reveal whether two
a�ects are mutually exclusive or not. It is possible that the poor ®t of two-dimensional
models in previous studies (cf. Watson et al., 1999) was due to the use of unipolar
indicators of basic a�ects. As a consequence, bipolar indicators are more appropriate
to test the assumption that some bipolar dimensions represent mixtures of other
bipolar dimensions (we return to the bipolarity assumption in the general discussion).

STUDY 1

Method

Participants

Two hundred and seven students (53% females) at the University of Illinois, Urbana-
Champaign participated in the study for course credit. The students' average age was
18 years (17 to 24).

A�ect structure 331

Copyright # 2000 John Wiley & Sons, Ltd. Eur. J. Pers. 14: 325±345 (2000)



Materials and procedure

Participants came to the laboratory in groups of 20 to 30 students. They received a
questionnaire package that started with a mood questionnaire. After the ®rst mood
assessment, participants completed additional questionnaires. The present article is
based on the initial mood ratings. In the instructions, participants were informed that
they should report their momentary feelings. Furthermore, participants were
instructed to decide ®rst whether they felt a particular a�ect or not, and to use the
lowest response category if they did not feel an a�ect. These instructions have been
used before to reduce the in¯uence of response styles, in particular the tendency to use
the middle of the scale regardless of the absence or presence of a particular a�ect
(Schimmack, 1997; Schimmack and Diener, 1997).

The mood questionnaire comprised 84 items. All items were preceded by the phrase
``I feel, . . .''. The mood questionnaire also included two response formats because
earlier studies suggested that multiple response formats can help to reduce response
styles (Green, Goldman and Salovey, 1993; see also Schimmack, Bockenholt,
Reisenzein and Diener, 1999, manuscript submitted for publication). The ®rst 48
items were given with a verbal scale with the response categories not at all, very
slightly, slightly, moderately, intensely, very intensely, maximum intensity. The second
format was a numeric format that ranged from 0 to 15.

Eighteen adjectives of interest were selected on the basis of previous operationa-
lizations of dimensions of core a�ect. All items were rated on unipolar scales. To
obtain bipolar indicators of bipolar dimensions, ratings of one pole were subtracted
from ratings of the other pole. This procedure has the advantage that it controls an
extremity response style (cf. Schimmack and Diener, 1997). The indicators for
pleasure±displeasure (P) were pleasant±unpleasant, good±bad, positive±negative
(Cronbach's alpha � 0.90). The indicators for the awake±tiredness (A) dimension
were awake±sleepy, wakeful±tired, and alert±drowsy (Cronbach's alpha � 0.91). The
indicators for the tension±relaxation dimension (T) were tense±relaxed, clutched up±
calm, and jittery±at rest (Cronbach's alpha � 0.83). Subsequently, we use the
acronyms P, A, and T to refer to the pleasure±displeasure, awake±tiredness, and
tension±relaxation dimensions.

RESULTS

Missing values were replaced by the item mean. Outliers (i.e. values more than three
standard deviations above or below the mean) were truncated to values three standard
deviations above or below the mean (cf. Tukey, 1977). Preliminary analyses revealed
that results did not di�er between the two response formats. As we learned after the
study was completed, the use of multiple formats is not a suitable way of controlling
response styles (Russell and Carroll, 1999; Schimmack et al., 1999, manuscript
submitted for publication). As a consequence, we treated the two formats as
equivalent. We used common ®t indices to evaluate ®t of structural equation models,
namely chi2, comparative ®t index (CFI), Bentler±Bonnett normed ®t index (BBNFI),
Bentler±Bonnett non-normed ®t index (BBNNFI), and root mean square error of
approximation (RMSEA). According to Browne and Cudeck (1993), RMSEA values
smaller than 0.05 indicate a close ®t, values between 0.05 and 0.08 an acceptable ®t,
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and values greater than 0.10 a poor ®t. In addition, we used di�erences in chi2 to
compare nested models with each other. As noted by Breckler (1990) ``a di�erence in
chi-square for the two models is itself a chi-square statistic that indicates whether a
model with more free parameters is better able to reproduce the data'' (p. 262).
BBNNFI can be used to evaluate whether a less parsimonious model provides a
substantial improvement in ®t over a more parsimonious model (see Reisenzein, 1986,
for an example).

Preliminary analyses

We started by testing the equivalence of di�erent scales that are presumed to measure
the same construct. First, we compared our pleasure±displeasure scale to the
pleasure±displeasure scale of the Semantic Di�erential (Russell et al., 1989). The
correlation between these two measures was 0.86. When this correlation was adjusted
for reliabilities of the two scales, the correlation was 0.99. The correlations between
our awake±tired scale and Thayer's energetic arousal scale was 0.90; our tension±
relaxation scale correlated 0.94 with Thayer's tense arousal scale. Adjusted for
reliability the estimated correlation coe�cient exceeded 1.00. These results show that
our measures of core a�ect dimensions are conceptually similar to scales in previous
studies.

Fitting dimensional models

In the ®rst structural equation model, we established a measurement model for the
three dimensions. In this model (P±A±T in Table 1), we did not constrain the
correlations between the three dimensions. Indicators of each dimension were speci®ed
to load only on their respective latent factor. The correlations among error terms were
®xed to zero. The model ®t was acceptable. This ®nding demonstrates that we were
successful in establishing a measurement model for the three dimensions. The model
also provided estimates of the error free correlations between the three dimensions (see
Figure 2). P was positively correlated with A and negatively correlated with T; A and T
were slightly negatively correlated. This pattern of correlations is consistent with
previous ®ndings (Matthews et al., 1990; Steyer et al., 1994).

In the next model, we tested the assumption that awake±tired and tense±relaxed are
indicators of a single activation dimension (model P±AT in Table 1). For this purpose,
we constrained the correlation between A and T to 1.00. Given the earlier ®nding of a
negative correlation between A and T, it was not surprising that this model did not ®t
the data, and that it ®tted the data signi®cantly worse than the three-dimensional
model. This ®nding con®rms results of earlier exploratory factor analyses that arousal
is not a unidimensional construct (Matthews et al., 1990; Schimmack, 1999; Steyer
et al., 1994; Thayer, 1989; Watson and Tellegen, 1985; Watson et al., 1999).

The next model tested the assumption that pleasure±displeasure is a mixture of
energetic and tense arousal. To test this hypothesis, we established a model with
directed paths from A and T to P (model A±T! P in Table 1). In other words, the
bidirectional paths between P±A and P±T in Figure 2 were converted into unidirec-
tional paths from A to P and T to P. Furthermore, we constrained the amount of
explained variance in P to 1.00. This model did not reach an acceptable ®t, and a direct
comparison to the three-dimensional model revealed that the ®t was signi®cantly
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worse (see Table 1). This ®nding shows that pleasure±displeasure is not merely a
mixture of awake±tired and tense±relaxed. In another model, we allowed the amount
of explained variance in P to be estimated. This model ®tted the data as well as the
three-dimensional model because it is mathematically identical. However, it revealed
that A and T explained only 57% of the variance in P. Hence, the energetic and tense
arousal model achieves its greater parsimony by failing to account for about half of the
variance in pleasure±displeasure.

The following model explored the possibility that the awake±tiredness and tension-
relaxation dimension are a mixture of pleasure±displeasure and a general activation
dimension. Furthermore, this model did not assume that the general activation
dimension has markers in everyday language. For this purpose, we introduced a
fourth factor that was not based on directly observed variables. The model postulated
that energetic and tense arousal are mixtures of the pleasure±displeasure and the
general activation factor and that all of the variance in awake±tiredness and tension±
relaxation are explained by pleasure±displeasure and general activation (i.e. the P±
GA! A±Emodel). The ®t of this model is equivalent to the ®t of the previous model
because both models make essentially the same prediction that one pair of dimensions
is su�cient to capture all of the variance in the PAT dimensions. They only take
di�erent dimensions as basic. In other words, the model is merely a rotation of the
energetic arousal and tense arousal model (Russell and Feldman Barrett, 1999;
Watson and Tellegen, 1985). As a consequence, the revised pleasure±arousal model
cannot ®t the data better than the energetic and tense arousal model, and it equally
fails to account for the correlations among core a�ect dimensions. However, it was
instructive to specify a model that estimated the amount of variance in A and T
explained by pleasure±displeasure and general activation. This model revealed that
pleasure±displeasure and general activation explained only 26% of the variance in
awake±tiredness and 63% of the variance in tension±relaxation. This ®nding shows
that awake±tiredness and tension±relaxation are not merely mixtures of pleasure±
displeasure and general activation.

Figure 2. Factor loading pattern and factor intercorrelations of the PAT factors in study 1. Note:
P � pleasure±displeasure, A � awake±sleepiness, T � tension±relaxation
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Discussion

Study 1 tested the prediction that the structure of core a�ect is two dimensional.
Various models were tested and repeatedly failed to con®rm this prediction. First, we
tried to combine awake±tired and tense±relaxed into a single activation dimension.
This model did not ®t the data because these two dimensions are indeed slightly
negatively correlated. Clearly an individual can be awake and relaxed or awake and
tense, tired and relaxed or tired and tense. Arousal is not a unidimensional construct.
Next, we attempted to explain pleasure±displeasure from combinations of energetic
and tense arousal. This model ®tted the data somewhat better than the previousmodel,
but the ®t indices indicated that it also had to be rejected. Maybe more important,
additional analyses revealed that this model neglects about 50% of the valid variance
in pleasure±displeasure. We believe that any researcher who is interested in the
pleasure±displeasure dimension cannot a�ord to lose so much information.

Then we tested the revised pleasure±arousal model. This model is mathematically
identical to the energetic arousal and tense arousal model (cf. Larsen and Diener,
1992). Hence, it also could not ®t the data. Moreover, further analyses revealed that
themodel was only capable of predicting 26%of the variance in awake±tiredness. This
®nding is consistent with other evidence that awake±tiredness is not strongly related to
other a�ect dimensions (Russell, 1980; Schimmack, 1997). As a consequence, one can
hardly make any inferences about variation in this dimension when it is not directly
measured. Furthermore, the revised pleasure±arousal model has the problem that one
needs to measure energetic and tense arousal to estimate a latent general activation
dimension. Hence, the revised pleasure±arousal model requires the measurement of all
three PAT dimensions, but then discards reliable variance in these dimensions to
estimate a dimension that does not correspond to people's everyday descriptions of
their experiences. We suggest that researchers obtain a better understanding of a�ect,
by maintaining the initial awake±tiredness and tension±relaxation dimensions.

STUDY 2

The main purpose of study 2 was to replicate the ®ndings of study 1 in a separate data
set. In addition, we wanted to extend the ®ndings in two ways. First, our attempt to
control systematic measurement error by means of di�erent response formats was
unsuccessful due to problems of the multi-format procedure (cf. Schimmack et al.,
1999, manuscript submitted for publication). A better way of controlling systematic
measurement error appears to be the use of repeated measurement designs (Watson
et al., 1999). In these designs, it is assumed that response styles in¯uence the response
of a participant systematically across repeated measurements. Thus response style
variance is part of the stable between-subject variance, but it does not contribute to the
unstable within-subject variance. Hence, by calculating change scores that eliminate
the stable variance between participants, the response style variance is also controlled.

Method

Participants

One hundred and thirty-®ve students (53% females) at the University of Illinois,
Urbana-Champaign participated in the study for course credit. The students were
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enrolled in a semester long study on subjective well-being. As part of the course
requirements, students came to a laboratory twice a week, where they completed sets
of questionnaires.

Materials and procedure

Participants completed an 18-item a�ect questionnaire at the beginning of two
laboratory sessions about one week apart. The a�ect questionnaire was designed to
measure the three PAT dimensions with three items for each pole of the three dimen-
sions. Instructions read ``First we have a few questions regarding your feelings right
now at this moment. We use scales that range from the absence of a feeling to its
maximum intensity of the feeling. Please, decide ®rst whether you experience the
feeling described by a particular mood word. If you do not experience it, please
respond with 1. If you do experience the feeling slightly use 2, if you feel it moderately
use 3 and if you feel it strongly use 4. 1 � DONOTFEEL it, 2 � I feel it SLIGHTLY,
3 � I feel it MODERATELY, 4 � I feel it STRONGLY''. The items appeared in the
following order: awake, unpleasant, at rest, tired, pleasant, alert, restless, positive,
sleepy, negative, calm, wakeful, good, jittery, relaxed, bad, and drowsy. As in study 1,
we formed bipolar indicators of the three dimensions by subtracting items of one pole
from items of the other pole. The indicators were pleasant±unpleasant, positive±
negative, good±bad for P, awake±sleepy, alert±tired, and wakeful±drowsy for A, and
restless±at rest, tense±relaxed, and jittery±calm for T. The reliability of the three-item
scales was good at time 1 and time 2 (alphas 40.80).

Results

First, we ®tted a measurement model to the 18 scales. The model included six factors,
three factors for the PAT dimensions at time 1 and three factors for the PAT
dimensions at time 2. In addition, error terms between identical indicators (e.g.
pleasant±unpleasant time 1 and pleasant±unpleasant time 2) were allowed to covary
to allow for systematic variance in the indicators that is not shared with other
indicators of the same construct. All factors were allowed to covary freely with each
other. This model had an acceptable ®t (Table 1). Next, we constrained the factor
loading pattern at time 1 and time 2. The model ®t was acceptable, and direct
comparisons revealed that the model ®t was not signi®cantly worse (Table 1). Next,
we also constrained the covariations among the three PAT dimensions to be identical.
This model also ®tted the data as well as the unconstrained model (Table 1). The
correlations between the PAT factors were 0.47 (P±A), ÿ0.57 (P±T) and ÿ0.20
(A±T). In addition, the model revealed signi®cant correlations between PAT dimen-
sions at time 1 and time 2, namely 0.30 for P, 0.30 for A, and 0.40 for T. These
coe�cients are similar to previous stability estimates of mood dimensions (Steyer
et al., 1994).

We also tested whether it would be possible to reduce the PAT dimensions to a two-
dimensional model. For this purpose, we ®rst established a model with direct paths
from A and T to P. The path coe�cients at time 1 and 2 were constrained to be
equivalent. First, we allowed the variance explained in P to be estimated by the model
(A±T! *P). This model of course ®tted the data as well as the previous models
(Table 1). As in study 1, A and T explained about half of the variance in P (45%). As
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a consequence, it is not surprising that a model that constrained the explained
variance to be 1.00 (A±T! P) did not ®t the data (Table 1).

The previous analyses revealed some stability in mood ratings from time 1 to time
2. This stability can be partly due to stable individual di�erences in a�ect dispositions
and it can be due to response styles. To remove this source of variance from our
structural analyses, we created di�erence scores by subtracting time 2 indicators from
time 1 indicators. A concern with di�erence scores is that di�erence scores tend to be
less reliable. However, the di�erence scores of the PAT dimensions showed good
reliabilities (alpha4 0.80). Hence, we proceeded and established a measurement
model based on di�erence scores. This model re¯ects the covariation between changes
in P, A, and T from time 1 to time 2. The ®t of this model was only marginal, but
closer inspection of the standardized residuals revealed that freeing individual indices
would not have produced a signi®cant improvement in ®t (i.e. all standardized
residuals were within a ÿ0.20 to 0.20 range). Inspection of the factor correlations
revealed that the associations among PAT factors were slightly weaker than in the
previous model that did not control for the stable component in PAT scores, namely
0.35 (P±A), ÿ0.54 (P±T), and ÿ0.01 (A±T). However, when we tested a model that
constrained these correlations to be equivalent to the correlations in model 3, the ®t
was not signi®cantly worse (Table 1). It should be noted that these tests are not very
powerful due to the relatively small sample size. In general, the results show that
controlling for stable components in mood ratings that are either due to a�ective
dispositions or due to response styles does not produce substantial changes in the
results.

Discussion

Study 2 replicated the main ®nding of study 1 in a di�erent sample. It was possible to
®t a measurement model to the three PAT dimensions, and it was not possible to
reduce these three dimensions to two dimensions. As in study 1, pleasure±displeasure
was positively correlated with awake±tiredness and negatively correlated with
tension±relaxation, whereas awake±tiredness and tension±relaxation were slightly
negatively correlated. Together the two arousal dimensions explained half of the
variance in pleasure±displeasure. Furthermore, study 2 demonstrated that the same
measurement model and factor correlations could be ®tted to two repeated assess-
ments of the PAT dimensions. This ®nding indicates that the structure of the PAT
dimensions and their correlations are relatively stable when the same indicators are
used in similar situations. It is possible, however, that the structure of correlations
changes when PAT dimensions are assessed in a di�erent situation (Watson et al.,
1999). Finally, study 2 replicated earlier ®ndings that mood ratings show low but
signi®cant stability over repeated assessments over short time periods (Schimmack,
1997; Steyer et al., 1994). When this stable component in mood ratings was removed,
changes in PAT dimensions maintained the same pattern of correlations. This ®nding
provides further evidence that our ®ndings are not biased by response styles because
change scores also remove stable individual di�erences in response styles. In sum,
study 2 demonstrated that three dimensions of core a�ect, namely pleasure±
displeasure, awake±tiredness, and tension±relaxation cannot be reduced to a two-
dimensional structure without loss of valid information.
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GENERAL DISCUSSION

Is the core of a�ective experiences two dimensional in the USA and three dimensional
in Europe? We demonstrated that this is not the case. A three-dimensional model
provided a better ®t to two US American data sets than two-dimensional models.
Models that attempted to ®t the three dimensions in a two-dimensional space
consistently yielded a poor ®t to the data that was substantially worse than the ®t of
the three-dimensional model. Further analyses revealed that two-dimensional models
achieve their greater parsimony by discarding variance from at least one of the three
PAT dimensions. The pleasure±arousal model neglects unique variance in the two
arousal dimensions by assuming that arousal is a unidimensional construct. The
revised pleasure±arousal model fails to capture mainly the variance in awake±
tiredness, but also some of the variance in tension±relaxation. The energetic and tense
arousal model fails to capture about half of the variance in the pleasure±displeasure
dimensions. The present results con®rm that a three-dimensional model with inter-
correlated factors is necessary to capture the variation in dimensions of core a�ect
(Matthews et al., 1990; Schimmack, 1997, 1999; Steyer et al., 1994). The present
results do not show that a three-dimensional model is su�cient to capture all aspects
of a�ective experiences (Schimmack, 1997, 1999).

One possible objection to our conclusions could be that our model speci®cations
were too restrictive. It might seem unreasonable to propose that one can explain
100% of the variance in a criterion variable. However, we believe that 50% or more
unexplained variance is not acceptable for several reasons. First, our models assessed
the relations between core dimensions at the level of latent variables. Hence, random
error variance can no longer explain the unexplained variance. Second, we control
systematic measurement error by subtracting opposing items from each other, using
multiple formats, and eliminating stable individual di�erences. Hence, the unex-
plained variance cannot be attributed to systematic measurement error. Third, we
used bipolar indicators to measure bipolar constructs. Hence, the poor ®t cannot be
attributed to problems of measuring bipolar constructs with unipolar scales (cf.
Russell and Carroll, 1999). The remaining most plausible explanation for our ®ndings
is that the models' assumptions are wrong. Pleasure±displeasure is a basic a�ect, not a
mixture of energetic and tense arousal. Energetic arousal is a basic a�ect that is not
a mixture of pleasure and general activation. Tense arousal is a basic a�ect that is not a
mixture of displeasure and general activation.

Another possible objection to our results could be that the results appears to be
trivial. One might think that three dimensions can always be better ®tted to a three-
dimensional model compared to a two-dimensional model. We do not agree. The idea
that some a�ect dimensions are a mixture of others has its roots in the beginning of
emotion research (Wundt, 1896; cf. Reisenzein, 1992), and is a common assumption
in contemporary models of a�ect (Feldman Barrett and Russell, 1998; Reisenzein,
1994; Russell and Feldman Barrett, 1999; Watson and Tellegen, 1985). Furthermore,
recent publications using structural equation modeling claimed that the three dimen-
sions can be represented in a two-dimensional space. For example, Feldman Barrett
and Russell (1998) concluded that they ``demonstrated that other a�ective descriptors
can be de®ned as combinations of the valence and activation dimensions'' (p. 978).
However, this conclusion was based on a structural equation model with a poor ®t (cf.
Watson et al., 1999). The present results reveal that the poor ®t was due to false
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assumptions about the structure of a�ect. Energetic arousal and tense arousal are not
a mixture of pleasure±displeasure and general activation.

Finally, one might be concerned about the value of a model with intercorrelated
dimensions. From a psychometric point of view, models with orthogonal dimensions
seem preferable. Maybe researchers should still use models with two orthogonal
dimensions to measure a�ect, even though these dimensions might not correspond to
basic a�ects. For example, Feldman Barrett and Russell (1998) emphasized that their
model is merely ``a descriptive map of the a�ect domain. On its own, it is not a model
of a�ect'' (p. 978). However, we propose that measurement models of a�ect should
aim to represent the actual structure of a�ect. As we discuss below, the use of
parsimonious descriptive models that do not capture the nature of a�ect can be
misleading.

The Cost of Parsimony

The energetic and tense arousal model implies that one can create a parsimonious
measure of a�ect by dropping the pleasure±displeasure dimension. As a consequence,
one can assess a�ect with two largely independent arousal dimensions. The present
results reveal that this approach cannot capture all of the variation in pleasure±
displeasure. We argue that the loss of information about pleasure±displeasure is more
costly than the addition of a third dimension. For example, Schimmack (1999)
compared the in¯uence of di�erent situations (a daily positive event, a daily negative
event, at the beginning of a lecture, and at bedtime) on the PAT dimensions. Not
surprisingly, participants had much higher levels of pleasure±displeasure during
positive events and much lower levels of pleasure±displeasure during negative events
than during the other situations. This is a rather trivial ®nding. More important was
the ®nding that situations still explained 80% of the variance in pleasure±displeasure
after controlling for variation in the two arousal dimensions. This ®nding demon-
strates how dangerous it can be to infer pleasure±displeasure from arousal patterns. A
direct assessment of pleasure±displeasure is essential whenever researchers are
interested in the hedonic tone of a�ective experiences.

Similarly, the unidimensional assessment of activation can be costly at times. Gold,
MacLeod, Deary and Frier (1995) injected insulin into the blood stream of healthy
participants to induce hypoglycemia. Mood reports along the PAT dimensions
revealed increasing tension and decreasing wakefulness during states of hypoglyce-
mia. If both dimensions had been combined in a general activation±deactivation
scale, the authors would have erroneously concluded that hypoglycemia had no
in¯uence on activation. Similarly, investigations of diurnal rhythms consistently ®nd
that energetic arousal follows a circadian rhythm (i.e. people are more awake during
the day than in the early morning or late at night), whereas pleasure±displeasure and
tense arousal do not (cf. Schimmack, 1999). The revised pleasure±arousal model
cannot explain this ®nding. It assumes that energetic and tense arousal are mixtures of
the same two basic dimensions. Hence, if one of the basic dimensions shows a diurnal
rhythm, it should be re¯ected in diurnal rhythms of both arousal dimensions. Finally,
in Schimmack's (1999) study of situational e�ects on PAT dimensions, participants
reported low levels of wakefulness±tiredness at the end of the day, but pleasure±
displeasure, and tense arousal were unchanged compared to a neutral situation during
the day. If researchers had simply inferred wakefulness from a combination of
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pleasure±displeasure and activation, researchers would have underestimated the e�ect
of time of day on wakefulness±tiredness.

Future Questions

Neurological substrates of a�ect

Panksepp (1993, p. 100) noted that at present a�ective neuroscience has ``more
speculation than substance to share with respect to the molecular underpinning of
emotions''. Hence, readers should not take the following speculations as support for
the PAT model. Nevertheless it is noteworthy that the distinction between two
activation dimensions is similar to a distinction in the neuropsychological literature
between arousal and activation (Buck, 1984; Pribram and McGuiness, 1975;
Routtenberg, 1968; Tucker and Williamson, 1984). Tucker and Williamson (1984)
proposed that the two systems have di�erent functions and di�erent substrates. The
arousal system regulates the processing of perceptual inputs, and high levels of
arousal are associated with broader attention, shifts in attention to novel or emotion-
ally important stimuli, and a high signal-to-noise ratio. It involves the neurotrans-
mitters norepinephrine (NE) and serotonin, and it is predominant in the right
hemisphere. The activation system regulates motor readiness. It involves dopamin-
ergic pathways (DA) that are predominantly located in the left hemisphere.

Some ®ndings reported by Tucker and Williamson (1984) suggest that the awake±
sleepiness dimension re¯ects activity of the arousal system, whereas the tension±
relaxation dimension re¯ects activity of the activation system. For example, animal
studies show that activity in norephinephrine pathways in the brain covaries with the
animals' sleep±wake cycle, while research with human participants shows that the
awake±sleepiness dimension follows a diurnal rhythm (Thayer, 1989). Tucker and
Williamson (1984) related activity in the activation system to anxiety, which is highly
correlated with the tension±relaxation dimension (Schimmack, 1997). Furthermore,
they propose that a major function of relaxation techniques is to reduce the chronic
motor readiness due to heightened activity in the activation system. Future research on
a�ect should take notice of the fact that neither self-report measures nor neurological
evidence support the outdated view of arousal as a single dimension (cf. Du�y, 1962).

Finally, the pleasure±displeasure dimension might have its own neurological
underpinning. Panksepp (1993) notes that b-Endorphin is related to diverse pleasur-
able experiences, but that this opioid peptide also tends to reduce displeasure.
LeDoux (1993) points out that the amygdala processes sensory inputs for their
emotional signi®cance, and might provide a global integration of diverse good±bad
evaluations. He also points out a probable link between the amygdala and the arousal
system. As noted earlier, the arousal system directs attention to emotionally
important stimuli, but it does not `know' which stimulus is emotionally signi®cant.
The amygdala might provide this information. The study by Gold et al. (1995) on
hypoglycemia showed that the PAT model is useful in psychobiological investi-
gations. Neuropsychologists might also ®nd the PAT model heuristically useful.

Bipolarity of the pleasure±displeasure dimension

The present article compared dimensional models of core a�ect with each other. This
comparison relied on bipolar indicators of core a�ect. As a consequence, our
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conclusions are limited by this assumption. We demonstrated that three bipolar
dimensions cannot be reduced to a smaller set of bipolar dimensions. We did not
demonstrate that the three dimensions are really bipolar. As noted earlier, this
question cannot be addressed by Pearson correlations (Diener and Iran-Nejad, 1986).
Whether pleasure and displeasure are opposite ends of a single bipolar dimension or
two separate a�ects needs to be addressed by means of other methods (Schimmack
et al., 1999, manuscript submitted for publication). The present article demonstrates
that the dominant conception of core a�ect as a set of two orthogonal bipolar
dimensions is insu�cient. The three-dimensional model is a more complex and more
appropriate model. If the assumption of bipolarity turns out to be false, structural
models of core a�ect will be even more complex. The aim of the present article is not
to propose a new premature structural model of a�ect. Rather we attempted to
demonstrate that progress in a�ect structure research has been delayed by a false
consensus that the structure of core a�ect is two dimensional (cf. Watson et al., 1999).

Hierarchical models of a�ect

The notion of core a�ect assumes that all a�ective experiences share a few basic
a�ects, and are di�erentiated by patterns of core a�ect and additional components
(Reisenzein, 1994). The present article focused on the structure of core a�ect. Future
tests need to explore the second assumption that basic dimensions are really at the
core of non-basic ones. The best test of `basicness' is based on the plausible
assumption that a basic a�ect should always be present when a non-basic a�ect is
experienced (Reisenzein, 1995). In contrast, a basic a�ect can also be experienced
without a non-basic a�ect. This prediction implies an asymmetric relation between
basic and non-basic a�ects. However, Pearson correlations and structural equation
modeling assume symmetric relations between variables and therefore cannot be used
to test this aspect of models that propose a set of basic dimensions of a�ect. Future
research with asymmetric coe�cients needs to explore this question.

Implications for models of trait a�ect

The present article focused on the structure of core a�ect, that is a�ective experiences
at one moment in time. However, the results also have implications for theories of
trait a�ect. Some researches have proposed that the structure of state a�ect is the same
as the structure of trait a�ect (Watson and Tellegen, 1985). One of the most common
measures of trait a�ect, namely the Positive A�ect Negative A�ect Schedule
(PANAS, Watson, Clark and Tellegen, 1988) is theoretically based on the two-
dimensional model of state a�ect (Watson and Tellegen, 1985). Given that the present
analyses undermine the validity of this model as a model of a�ective states, it also
questions whether a�ective traits can be characterized by two dimensions (see also
Schimmack, Oishi, Diener and Suh, 2000). For example, Schimmack and Diener
(1997) found that individual di�erences in trait a�ect intensity (i.e. the typical
intensity of emotional experiences) were systematically related to trait di�erences in
pleasure±displeasure, but not systematically related to trait di�erences in wakeful-
ness±tiredness or tension±relaxation.

There are additional problems with the idea that trait a�ect can be characterized by
a few basic dimensions. The reason is that it is theoretically implausible that traits mix
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with each other to produce other traits. Assume, for example, that state excitement is
a mixture of state pleasure and state arousal. Even if this were true, knowing that an
individual frequently experiences arousal and frequently experiences pleasure does
not mean that this individual frequently feels excitement, because it is possible that
the individual feels arousal and pleasure at di�erent times. It follows that one would
need to measure individual di�erences in trait a�ects even for mixed feelings because
one cannot infer these individual di�erences from individual di�erences in traits of
basic a�ects. Additional problems arise from the fact that people can have di�erent
dispositions to experience an a�ect frequently, intensely, or for long durations
(Schimmack et al., 2000). Hence, for each a�ect, there are three di�erent traits. It
follows that the structure of trait a�ect must be even more complex than the structure
of state a�ect, and that the structure of trait a�ect also cannot be two dimensional (see
also Diener, Smith and Fujita, 1995; Schimmack et al., 2000; Watson and Clark,
1992).

CONCLUSION

Science often starts with simple models. After empirical ®ndings start to accumulate
simple models often turn out to be simplistic and have to replaced by more complex
models. We suggest that it is time to recognize the limitations of two-dimensional
models of a�ect. One step in this direction is the three-dimensional PAT model. This
model should be considered a stepping stone toward increasingly more sophisticated
models of a�ect that increase with our understanding of the phenomenon. Hopefully
the PAT model will look simplistic in comparison to a�ect models of the future.
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