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This research assessed whether individual differences in anterior brain asymmetry are linked to
differences in basic dimensions of emotion. In each of 2 experimental sessions, separated by 3
weeks, resting electroencephalogram (EEG) activity was recorded from female adults during 8 60-s
baselines. Mean alpha power asymmetry across both sessions was extracted in mid-frontal and
anterior temporal sites. Across both regions, groups demonstrating stable and extreme relative left
anterior activation reported increased generalized positive affect (PA) and decreased generalized
negative affect (NA) compared with groups demonstrating stable and extreme relative right ante-
rior activation. Additional correlational analyses revealed robust relations between anterior asym-
metry and PA and NA, particularly among subjects who demonstrated stable patterns of EEG
activation over time. Anterior asymmetry was unrelated to individual differences in generalized

reactivity.

The present study demonstrates that individual differences
in resting electroencephalographic (EEG) brain asymmetry are
linked to individual differences in fundamental dimensions of
emotion. This investigation is part of a larger program of re-
search that assesses whether resting anterior EEG asymmetry is
a biological index that measures important features of affective
style. As we have noted previously (¢.g., Davidson & Tomarken,
1989; Tomarken, Davidson, & Henriques, 1990), this general
line of inquiry emerges from the synthesis of two distinct sets of
findings on hemispheric asymmetry that have appeared in re-
cent years.

The first set of findings provides evidence of an association
between asymmetrical activation in anterior regions of the cere-
bral hemispheres and concurrent emotional state. Although
this area of research is notable for its divergent perspectives (cf.,
eg., Tucker & Williamson, 1984, to Davidson & Tomarken,
1989), there is now substantial evidence from studies using a
variety of subject populations (e.g., neurological, psychiatric,
and normal) and methods (e.g., lesion and electrophysiological
studies) that increased activation of left hemisphere anterior
regions is associated with heightened positive affect, decreased
negative affect, or both. Conversely, increased relative right
hemisphere activation in anterior sites has been linked to
heightened negative affect, decreased positive affect, or both
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(.8, Ahern & Schwartz, 1985; Davidson, Ekman, Saron, Senu-
lis, & Friesen, 1990; Robinson, Kubos, Starr, Rao, & Price,
1984; for a review, see Davidson & Tomarken, 1989).

The second set of findings provides evidence of individual
differences in hemispheric asymmetry that predict perfor-
mance on cognitive tasks (e.g., Dabbs & Chou, 1980; Levy,
Heller, Banich, & Burton, 1983). The results of EEG studies are
particularly relevant in the present context. These have shown
that resting asymmetry in posterior brain regions (¢.g., parietal)
predicts individual differences in verbal and nonverbal task
performance (e.g., Davidson, Taylor, & Saron, 1979; Glass &
Butler, 1977). As would be expected of a marker of individual
differences, resting posterior EEG asymmetry also appears
stable over time (e.g., Ehrlichman & Wiener, 1979).

Our program of research synthesizes these two sets of obser-
vations about hemispheric asymmetry. We examine whether
individual differences in anterior EEG asymmetry assessed
under resting conditions predicts differences in emotional be-
havior in the same manner that resting posterior EEG asym-
metry predicts differences in verbal and nonverbal abilities.
More specifically, consistent with more general theories con-
cerning the biological basis of temperament (for a review, see
Derryberry & Rothbart, 1984), we hypothesize that individual
differences in anterior asymmetry index differing neural
thresholds for affective responses to stimuli and differing mech-
anisms for the self-regulation of emotion over time (e.g., David-
son & Tomarken, 1989). To test this hypothesis, we have
adopted the two interrelated approaches most typically used by
researchers to examine whether a specific biological index
measures an important affective predisposition or trait. The
first approach assesses whether the index predicts emotional
reactivity to specific stimuli or situations (€.g., exposure to nov-
elty or threat and maternal separation). The second approach
assesses whether the biological index maps onto individual dif-
ferences in fundamental dimensions or typologies of emotion
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that have been uncovered by prior theory and research {e.g.,
Gray, 1982; Tellegen, 1985; for a review, see Derryberry & Roth-
bart, 1984).

Adopting the first approach described above, we have shown
in three recent studies that individual differences in resting
anterior EEG asymmetry can in fact predict reactivity to emo-
tion elicitors. In two studies, increased relative right frontal
EEG activation recorded during initial resting baselines was
associated with self-reports of increased negative affect in re-
sponse to films that subjects were subsequently shown (Tomar-
ken et al., 1990; Wheeler, Davidson, & Tomarken, in press).
Wheeler et al. additionally showed that relative left frontal acti-
vation is linked to increased positive affective responses to
films. Finally, Davidson and Fox (1989) found that resting ante-
rior asymmetry predicted 10-month-old infants’ responses to
maternal separation. Consistent with earlier findings on the
EEG correlates of affective states, EEG asymmetry in posterior
sites, recorded at the same time as anterior EEG activity, failed
to predict affective reactivity in these studies.

In the present study, we examined the relation between indi-
vidual differences in resting EEG asymmetry and individual
differences in fundamental dimensions of emotion. In particu-
lar, we focused on the relation between anterior asymmetry and
two sets of individual difference constructs: positive and nega-
tive affect (e.g., Watson & Tellegen, 1985) and valence-indepen-
dent generalized reactivity (€.g., Larsen, Diener, & Emmons,
1986). Although these constructs reflect very different models
of emotion, they were both included in the present study be-
cause (a) they have received perhaps the greatest attention and
most substantial empirical support in contemporary research
on the underlying dimensional structure of emotion and (b) we
predicted that they would be differentially related to resting
anterior asymmetry.

We expected that anterior asymmetry would be strongly
linked to the positive and negative affect dimensions that are
the core of the model of emotion that has been proposed by
Watson, Tellegen, and their colleagues (e.g., Tellegen, 1985;
Watson, 1988; Watson & Tellegen, 1985). In this scheme, two
orthogonal dimensions, termed Positive Affect (PA) and Nega-
tive Affect (NA), underlie mood self-reports. There were two
primary reasons for our decision to assess the relation between
anterior asymmetry and this particular dimensional model.
First, PA and NA have been found to underlie emotion self-re-
ports across a wide variety of contexts (e.g., Watson, Clark, &
Tellegen, 1984; Zevon & Tellegen, 1982) and time frames (e.g.,
Watson, 1988; for a review, see Watson & Tellegen, 1985). Sec-
ond, recent conceptualizations of these two dimensions paral-
lel our own previous speculations about the underlying dimen-
sions assessed by measures of anterior brain asymmetry.

Concerning the latter point, Watson and Tellegen and their
colleagues (Watson, Clark, & Tellegen, 1988; Watson & Telle-
gen, 1985) have proposed that Positive Affect is denoted by
terms such as active, interested, and enthusiastic and reflects
one’s level of pleasurable engagement with the environment. In
addition, Depue and Iacono (1989) and Tellegen (1985) have
argued that the neurobehavioral substrate of positive affect is a
reward-oriented “approach” system that is activated primarily,
although not exclusively, by appetitive or other rewarding stim-
uli. We have previously argued that resting anterior asymmetry

indexes a dimension, or dimensions, of approach and with-
drawal (e.g., Davidson, 1984; Davidson & Tomarken, 1989; see
also Kinsbourne, 1978). In this view, increased relative left
frontal activation is associated with heightened approach ten-
dencies that are manifested by greater engagement with tasks or
with the environment and heightened appetitive motivation.

Watson, Tellegen, and their colleagues have argued that
heightened NA reflects a state of unpleasurable engagement
with the environment (e.g., Tellegen, 1985; Watson & Tellegen,
1985). We have hypothesized that heightened relative right
frontal activation is associated with increased withdrawal ten-
dencies and with those discrete emotions that are particularly
linked to behavioral withdrawal, such as fear and disgust. The
parallels between this hypothesis and the Watson-Tellegen con-
ceptualization of NA are evident when one considers that (a)
behavioral withdrawal is one of the most likely consequences of
the state of unpleasant engagement with the environment that
is argued to be characteristic of heightened negative affect (cf.
Tellegen, 1985) and (b) specific emotions that are particularly
linked to behavioral withdrawal (e.g., fear and shame) are some
of the prime markers of Negative Affect in Watson and Telle-
gen’s scheme.

In light of these parallels, we hypothesized that individual
differences in resting asymmetry recorded from anterior sites
would be linked to individual differences on the general ver-
sion of the Positive and Negative Affect Schedule (PANAS-
GEN), a trait measure of PA and NA that has recently been
developed by Watson, Clark, and Tellegen (1988). We predicted
that individuals characterized by a stable pattern of increased
relative left anterior activation would report that they generally
experience greater PA, but lesser NA, when compared with
individuals characterized by a pattern of increased relative
right anterior activation.

An interesting counterpoint to the Watson-Tellegen (1985)
model specifying primary, orthogonal Positive and Negative
Affect dimensions is the dimensional model of emotion that
has been proposed by Diener, Larsen, and their associates in
recent years (e.g., Diener, Larsen, Levine, & Emmons, 1985;
Larsen et al., 1986). Focusing on affective reactivity, these au-
thors have found evidence for individual differences in the in-
tensity of affective responses to stimuli that are valence-inde-
pendent. That is, in their studies, those individuals psycho-
metrically identified as high-intensity responders respond
more intensely to both positive and negative affective stimuli.

In the present study, we also examined the relation between
anterior EEG activation and valence-independent reactivity.
The Affect Intensity Measure (AIM), a scale developed by Lar-
sen (1984; Larsen & Diener, 1987), was used to assess individual
differences in generalized reactivity. We should note, however,
that in previous studies the nature and direction of the relation
between asymmetry and emotion has consistently been what
might best be termed valence-dependent. Increased relative left
frontal activation, or equivalently decreased relative right fron-
tal activation, has been linked to increased PA or decreased NA
but not to increases in both or to decreases in both (e.g., David-
son, Ekman et al., 1990; Tomarken et al., 1990). For this reason,
we expected that individual differences in resting anterior EEG
asymmetry would not predict scores on the AIM. In terms of
construct validity, then, the AIM was included in the present



678 TOMARKEN, DAVIDSON, WHEELER, AND DOSS

study because it helped us assess discriminant as well as conver-
gent relations between anterior asymmetry and fundamental
dimensions of emotion (e.g., Campbell & Fiske, 1959).

To test our predictions, we assessed resting EEG asymmetry
in mid-frontal (F3 and F4) and anterior temporal (T3 and T4)
brain regions. Asymmetries in the mid-frontal region consti-
tute the clear majority of previous EEG evidence indicating
linkages between anterior activation and emotion (for a review,
see Davidson & Tomarken, 1989). However, some recent evi-
dence has implicated anterior temporal asymmetries in affec-
tive responding as well (e.g., Davidson, Ekman et al., 1990). For
this reason, although our experimental hypotheses were appli-
cable to both regions, our strongest predictions concerned the
affective correlates of frontal asymmetry.

Method
Subjects

Subjects were 90 undergraduate women who were recruited from
the introductory psychology pool at the University of Wisconsin—
Madison. Subjects ranged in age from 17 to 21 years. As assessed by
the Edinburgh Handedness Inventory (Oldfield, 1971), only right-
handed subjects were used because of evidence that patterns of hemi-
spheric activation for cognitive, and perhaps affective, functions may
differ in left- and right-handed individuals (for a review, see Bryden,
1982). Only female subjects were used because the present investiga-
tion was one component of a larger research project, one goal of which
was to assess EEG patterning during facial expressions of emotion. We
and other researchers (Wagner, MacDonald, & Manstead, 1986) have
previously found greater facial expressivity in response to affective
stimuli in women relative to men. Because data from only a minority
of subjects typically meet the inclusion criteria for analyses assessing
the relation between facial expressivity and concurrent EEG (e.g., Da-
vidson, Ekman et al., 1990), we included only women in the present
study to maximize the statistical power of these latter analyses. Be-
cause of technical problems, the mid-frontal EEG of two subjects and
the anterior temporal EEG of one subject were not usable.

Procedure

Overview. Subjects participated in two experimental sessions, ap-
proximately 3 weeks apart. In each session, EEG was recorded duringa
series of resting baselines, after which subjects either completed ques-
tionnaires (Session 1) or were exposed to affective film clips (Session
2). Two experimental sessions were held because (a) an additional goal
of the broader research project was to assess the test-retest stability of
various EEG asymmetry parameters over time (see Tomarken, David-
son, Wheeler, & Kinney, in press), and (b) primary analyses assessing
the relation between anterior EEG asymmetry and affective traits were
based largely on those subjects who fulfilled specific test-retest stabil-
ity criteria.

Session 1. All subjects participated individually. When first sched-
uled for Session 1, subjects were informed that they would be asked to
participate in two experimental sessions, separated by about 3 weeks.
After arriving at the laboratory, subjects were told that the purpose of
the present research was to examine specific parameters of their rest-
ing physiology. After electrodes were applied for the measurement of
EEG, subjects were informed that ail necessary instructions for the
experimental procedure would be presented on a video monitor. After
the experimenter left the room, the instructions informed subjects that
(a) there would be eight 1-min resting baselines, (b) four baselines
would be conducted with eyes open and four would be conducted with

eyes closed, and (c) during the resting baselines, they should try to
minimize eye blinks and movements, but should not be so concerned
about doing so that they were distracted. In accordance with previous
work in our laboratory (e.g., Tomarken et al., 1990), subjects were not
given highly specific instructions concerning the resting baselines.
They were told simply to try to be as “restful” as possible. After receiv-
ing these instructions, subjects completed a brief questionnaire assess-
ing current mood state.

Two randomly assigned, counterbalanced orders were used for the
eyes-open (O) and eyes-closed (C) trials of the resting baselines (O-C-
C-0-C-0-0-C and C-0-0-C-O-C-C-0). Subjects heard one tone de-
noting the beginning of each 60-s baseline and two tones denoting the
end of each baseline. There was a 3-min interval between the fourth
and fifth baselines. A 45-s interval occurred between all other base-
lines. Following the eighth and final resting baseline, subjects com-
pleted a second questionnaire assessing current mood state, after
which electrodes were removed. Then subjects completed the PANAS-
GEN, the AIM, and several unrelated measures. Order of administra-
tion of questionnaires was randomly varied.

Because the Watson et al. (1988) article describing the PANAS-GEN
was published after some subjects had already participated in the first
two sessions, this questionnaire could be administered to only 44 sub-
jects during Session 1. An additional 30 subjects were contacted and
administered this questionnaire at a later point in time. Most of these
additional administrations occurred during a third experimental ses-
sion during which immunological measures were assessed (Kang, Da-
vidson, Coe, Wheeler, Tomarken, & Ershler, 1991). These later admin-
istrations of the PANAS-GEN occurred between 6 and | 5 months after
Session 1. In the Design and Analysis section, we discuss how this
difference in time of administration of the PANAS-GEN was incorpo-
rated into the analyses.

Session 2. The procedure for recording resting baselines was identi-
cal to that described in Session 1. Following the eight resting baselines,
subjects were exposed to nine affective film clips preselected to elicit
moderate to high levels of happiness (2 clips), fear (2 clips), and disgust
(5 clips). Data from the film epochs are not reported in this article.

EEG Recording and Quantification

EEG was recorded using a lycra stretchable cap (manufactured by
Electro-Cap International, Inc., Eaton, OH) that was positioned on the
subject’s head using known anatomical landmarks (Blom & Anne-
veldt, 1982). During Session 1, for the first several cohorts of subjects
(n = 46), EEG was recorded from the left and right mid-frontal (F3 and
F4) and anterior temporal (T3 and T4) regions. During recording, all
four sites were referenced to vertex (Cz). Two additional channels were
recorded to derive an averaged ears reference: Cz-Al (left earlobe) and
Cz-A2 (right earlobe). For the remainder of the subjects, EEG was
recorded from the mid-frontal and anterior temporal sites and from 10
additional sites during Session 1: homologous lateral frontal (F7 and
F8), central (C3 and C4), posterior temporal (T5 and T6), and parietal
(P3 and P4)sites, and mid-line frontal (Fz) and parietal (Pz). In Session
2, for all subjects, recordings were made from the 16 sites noted above.

! Because EEG was recorded from only the mid-frontal and anterior
temporal sites in Session 1 for a sizable proportion of subjects, we do
not report the relation between EEG asymmetry in other sites and
self-reported emotion. However, it should be noted that in previous
studies we have failed to find relations between resting asymmetry in
more posterior sites and emotion indices (e.g., Davidson & Fox, 1989;
Tomarken, Davidson, & Henriques 1990). Similarly, supplementary
analyses including only the Session 2 EEG indicated that resting asym-
metry in more posterior sites failed to predict PANAS-GEN or AIM
scores in the present study.
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All electrode impedances were below 5K ohms, and the impedances
for homologous sites were within 500 ohms of each other. In both
sessions, electrooculograms (EOGs) recording eye movements were
additionally used to facilitate artifact scoring of the EEG.

In both sessions, the EEG was amplified with a Grass Model 12
Neurodata System using Model 12A5 preamplifiers (bandpass =1 and
100 Hz; 60 Hz notch filter in). The amplified signal was passed through
antialiasing low-pass filters (Rockland Model 424) set at 65 Hz (roll-
off = 24 dBjoctave). The EEG was digitized at 200 Hz by a PDP11/34A
minicomputer. The EEG activity for eight channels and the EOG were
displayed on a Grass Model 7 polygraph. This paper record was hand-
scored to identify portions of the data to be deleted because of eye
movements, muscle movements, and other sources of artifact. When
artifact occurred on a given channel, data from all channels were re-
moved. Artifact scoring was performed by two of the authors (R.
Wheeler and R. Doss). Interrater reliability of artifact scoring com-
puted on 10 subjects’ data was assessed as the percentage of seconds of
agreement over the total duration of EEG per session (480 s). The
percentage agreement was .957, indicating high interrater reliability.

Twenty-five and 50 uv 10 Hz sine waves were recorded on each chan-
nel and used to calibrate the digitized EEG. In addition to the original
recording montage referenced to vertex, the EEG was recomputed
off-line to derive a computer-averaged ears reference. This reference is
conceptually equivalent to the more traditional linked ears reference
but avoids the potential problem of attenuation of the magnitude of
asymmetry due to physical linking of the ears (see Henriques & David-
son, 1990, for a more extended description of the rationale and compu-
tational formulae for the computer-averaged ears reference).

Spectral-analytic procedures described by Davidson (1988) and Da-
vidson and Tomarken (1989) were used to derive estimates of the spec-
tral power of the digitized EEG. Briefly, all artifact-free chunks that
were 2.05 s in duration were extracted through a Hamming window. A
Fast Fourier Transform (FFT) was then used to derive estimates of
spectral power (in pv?) in different 1-Hz frequency bins. These power
values were then averaged across each of the artifact-free chunks of a
given resting baseline trial. Finally, power values were converted to
power density (in uv?/Hz), which is a measure of the average power
within a given frequency band or range.

In the present article, we focused on analyses conducted on mea-
sures of power density in the alpha frequency band 8 to 13 Hz. We did
so because in previous studies power in this band has been most con-
sistently linked to EEG asymmetries associated with concurrent emo-
tional state (e.g., Davidson, Ekman et al., 1990), with individual differ-
ences in affective predispositions {Tomarken et al., 1990), and with
verbal and nonverbal performance on cognitive tasks {e.g., Davidson,
Chapman, Chapman, & Henriques, 1990). This evidence indicates
that decreased alpha power in a given region is associated with in-
creased cortical activation in that region (see Davidson, Chapman et
al., 1990, for a more extended discussion). Consistent with our previous
evidence that the alpha frequency band typically is associated with the
most robust effects, supplementary analyses conducted on other fre-
quency bands (e.g., theta or beta) failed to reveal any effects on the
PANAS-GEN scales or on the AIM. Because of space constraints and
our a priori predictions concerning alpha power, these latter analyses
are not reported in this article.

In the present article, as in other articles that are based on the larger
research project (e.g., Wheeler et al., in press), we focus on the analyses
conducted using the averaged ears reference. There were two reasons
for our decision to do so. First, measures of EEG asymmetry that were
derived using the averaged ears reference proved to have higher test-re-
test stability than that provided by alternative reference montages (e.g.,
vertex) in both a previous pilot study conducted with an independent
sample (Tomarken, Davidson, Baskin, & Angier, 1987) and in the pres-
ent study (for a complete report, see Tomarken et al., in press). Second,

in previous research conducted in our laboratory that examined rela-
tions between individual differences in resting posterior EEG asym-
metry and verbal and nonverbal task performance, a linked ears refer-
ence yielded more robust effects than vertex (e.g., Davidson et al,,
1979). This latter effect may possibly be due to the greater stability of
ears-referenced, relative to vertex-referenced, EEG.”

Several sequential steps were used to compute an overall asymmetry
metric for the artifact-free data from the mid-frontal and anterior tem-
poral regions. First, to normalize the data, we log-transformed all
power density values. Second, for each experimental session, we com-
puted a weighted average of the power density in each site across each
of the eight resting baselines. We weighted by the number of artifact-
free 2-s chunks of EEG data available during each baseline trial. Thus,
trials with more data than others were given proportionally more
weight. In addition, the weighted means for each of the two sessions
were averaged to produce a grand average mean.’

At the end of this process, then, for each of the four sites of interest
(F3, F4, T3, and T4), there were three indices of log power density
corresponding to the mean for Session 1, the mean for Session 2, and
the grand mean pooled across Sessions 1 and 2. In the final stage,
measures of EEG asymmetry were derived. Asymmetry was computed
as the difference between log alpha power density in the right (R)
hemisphere lead and log alpha power density in the left (L) hemisphere
lead (i.e., log R — log L alpha power). Because alpha power is inversely
related to activation, higher scores on this index indicate greater rela-
tive left hemisphere activation.

Self-Report Emotion Measures

PANAS-GEN. Developed by Watson et al. (1988), the PANAS-
GEN contains 20 emotion descriptors, 10 of which assess the high
activation pole of Negative Affect (NA; e.g., afraid or distressed) and 10
of which assess the high activation pole of Positive Affect (PA; eg.,
enthusiastic or inspired). All descriptors are relatively pure markers of
one of these factors (i.e., with a substantial loading on one factor and a
near-zero loading on the other). When completing the GEN version of
the PANAS, respondents indicate how they feel “in general, that is on
the average” The internal consistency reliability of the PA and NA
scales of the GEN version is acceptably high (coefficient as = .88 and
.87, respectively). In addition, test-retest reliabilities (68 for PA and.71
for NA over an 8-week period) indicate that the PANAS-GEN can be
used as a trait measure of affect. The two scales are not significantly
correlated (e.g., reported r by Watson et al., = —.17). Watson et al. have
presented evidence indicating that the PA and NA scales validly assess
the Positive and Negative Affect constructs.

AIM. The AIM (Larsen & Diener, 1987) is a 40-item questionnaire
that assesses the characteristic magnitude or intensity with which an
individual experiences emotion (e.g., a sample item is, “The sight of
someone who is hurt badly affects me strongly”). The AIM has excel-
lent internal consistency reliability (coefficient as = .90-.94) and ade-
quate test-retest stability for a measure of individual differences (e.g.,

2 Davidson and Fox (1989) and Tomarken, Davidson, and Henriques
(1990) reported the results of analyses conducted using a vertex refer-
ence simply because an averaged or linked ears reference was not avail-
able.

3 In addition, before computing weighted averages, we imposed a
minimal criterion for the inclusion of a given subject’s data. According
to this criterion, if a subject had less than 10 artifact-free chunks of
EEG across the four eyes-open or four eyes-closed baselines of a given
session, her data were to be eliminated from the design. Application of
these minimal-data criteria resulted in the exclusion of no subjects.
Subjects had an average of 43 s of artifact-free data per 60-s baseline.
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test-retest rs of .81 and .75 over 3 months and 2 years, respectively). In
addition, Larsen and his colleagues have shown that scores on the AIM
are not contaminated by response bias, and they have presented evi-
dence from several sources documenting the validity of the AIM as a
measure of individual differences in affect intensity (for a review, see
Larsen & Diener, 1987).

Design and Analysis

Several considerations influenced our choice of a design structure
for the analyses. The first of these pertained to the focus on individual
differences in EEG asymmetry. Almost by definition, individual dif-
ference variables should be stable over time, either in the population as
a whole or, at the least, in specific subgroups. An acceptable level of
test-rest stability was especially necessary in the present context be-
cause our hypotheses concerned linkages between resting asymmetry
and measures of individual differences in affective traits that are gener-
ally stable over time.

In the present sample as a whole, using the averaged ears reference
and pooling over eyes-open and eyes-closed baselines, the test-retest
stability of resting anterior asymmetry over the course of 3 weeks was
.66 for the mid-frontal site and .73 for the anterior temporal site (both
ps <.0001). In addition, paired observation ¢ tests indicated no shift in
mean values of either frontal or anterior temporal asymmetry over
time (both #s < 1, ps > .50; for a more extensive description of the
psychometric properties of resting anterior EEG asymmetry, see To-
marken et al,, in press). The test—retest correlations indicate that rest-
ing anterior EEG asymmetry certainly has acceptable temporal stabil-
ity (e.g., Kraemer, 1981). However, given the fairly short time interval
used in the present study (3 weeks), these stability correlations, even
though deemed acceptable, might not be considered optimal accord-
ing to the standards that could be applied for a personality measure
assessing an affective trait.

Although this issue is by no means definitively resolved at the pres-
ent time, we believe that EEG asymmetry may well be most analogous
to certain measures of emotion or psychopathology that are known to
reflect both variations in concurrent state and more stable individual
differences (for a more extensive discussion of this point, see Tomar-
ken et al., in press). For instance, it is well-known that the Beck Depres-
sion Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961)
is sensitive to both long-term depressive affect and more transient
mood states (Sacco, 1981). As a result of these dual influences, in
current research that focuses on more enduring individual differences
in depression and that uses the BDI as a basis for subject selection, it
has become common practice to (a) administer the BDI on two occa-
sions and (b) select into depressed and nondepressed groups only those
subjects who score above or below specific cutpoints (or percentile
values) on both occasions (e.g., Blumberg & Hokanson, 1983; David-
son, Schaffer, & Saron, 1985).

We adopted as one of our two primary analytic approaches a method
similar to that used in studies of BDI-identified depressives. Using an
approach of this sort, we assigned to relative left mid-frontal (n=12)and
relative left anterior temporal (n = 14) groups those subjects who scored
in the top 25th percentile (i.e, in the direction of greater relative left
hemisphere activation) of the distribution of mid-frontal and anterior
temporal asymmetry scores in both experimental sessions. Conversely,
those subjects who scored in the bottom 25th percentile on both occa-
sions (i.e., in the direction of greater relative right hemisphere activa-

tion) were assigned to the relative right mid-frontal (n = 13) and relative .

right anterior temporal (n = 14) groups. Supplementary analyses re-
vealed that the results and conclusions do not differ appreciably if
alternative cutpoints are chosen. The mid-frontal and anterior tem-
poral groups were largely independent, with only 8 subjects (3 left
anterior and 5 right anterior) who overlap both sets of groups. This low

degree of overlap is reflected in the low correlation between mid-fron-
tal and anterior temporal asymmetry overall (= .21).

Planned comparisons assessed the differences between the two sets
of left and right anterior groups on the PANAS-GEN and the AIM. To
aid in the subsequent interpretation of differences involving these
groups, middle asymmetry comparison groups were included in omni-
bus analyses of variance (ANOVAS) conducted separately from the
planned analyses. The middle mid-frontal (n = 23) and middle anterior
temporal (n = 29) groups consisted of those subjects who scored be-
tween the 25th and 75th percentile of asymmetry scores in both Ses-
sion | and Session 2.

In contrast to those using an extreme-groups approach, many indi-
vidual differences researchers treat variables of interest as ¢continua.
Because of the general popularity of this approach and because it is
presently unclear whether resting anterior EEG asymmetry should op-
timally be treated as a continuum or a discrete variable, we also con-
ducted correlational analyses. In these analyses, subjects’ grand mean
anterior asymmetry, pooled over Sessions | and 2, was correlated with
their PANAS-GEN and AIM scores. We present these correlations for
the sample as a whole and for two subgroups of subjects: those who
demonstrated stable patterns of asymmetry over time and those who
did not. To classify subjects on stability for the correlational analyses,
we standardized both the Session 1 and Session 2 asymmetry values
and classified as stable those subjects whose Session 2 standardized
asymmetry values were within one third of a standard deviation of
their Session 1 standardized values. The criterion we used was the
same as that used in related research from our laboratory (e.g., Wheeler
etal., 1991).

Finally, as noted earlier, some subjects completed the PANAS-GEN
at a third session between 6 and 15 months after the two experimental
sessions during which the EEG was recorded. Preliminary analyses
indicated no significant differences in PANAS-GEN scores between
subjects who completed it in Session | and those who completed it a
later point in time (ps > .10). Concerning the between-groups analytic
strategy, preliminary analyses including time of administration as a
factor in the design in addition to asymmetry group failed to reveal any
significant main effects or interactions involving time of administra-
tion. Indeed, no trends were even evident (all ps > .35). For this reason,
and because of the relatively small sample sizes involved (see above), we
pooled over time of administration when conducting the between-
groups analyses. In contrast, initial inspection of the correlations be-
tween anterior asymmetry and PANAS-GEN scores revealed that time
of administration was a potentially significant factor in certain cases.
For this reason, and because of the larger sample sizes involved, in
addition to computing correlations for all subjects pooled together, we
computed separate correlations for groups who completed the
PANAS-GEN in Session | and those that completed it in the extra
third session.

Results
Between-Groups Analyses

PANAS-GEN scales. We hypothesized that individuals
characterized by relative left anterior activation would report
that they generally experience more positive affect and less neg-
ative affect than individuals characterized by relative right ante-
rior activation. For both the mid-frontal and anterior temporal
groups, we directly tested this prediction by conducting a
planned Group (left anterior vs. right anterior) X Valence
(PANAS PA score vs. PANAS NA score) interaction contrast.
This contrast assessed whether left and right anterior groups
differed in the relative balance of positive and negative affect.
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Figurel. Mean Positive and Negative Affect Schedule (PANAS) Posi-

tive Affect and Negative Affect scores for left mid-frontal and right
mid-frontal groups. (Error bars denote one half of the standard error of
the mean)

As indicated in Figure 1, the planned contrast performed on
the left and right mid-frontal groups indicated a significant
interaction, #(19) = 2.99, p < .01. The form of this interaction
was as predicted, with the left mid-frontal group displaying
increased PA and decreased NA, relative to the right mid-fron-
tal group (see Figure 1). Follow-up simple effects comparisons
indicated highly significant differences between the left and
right mid-frontal groups on PA, #(19) = 3.56, p=.002 (R? = .40).
However, these groups failed to differ on NA, 1(19) = 1.57,
p>.10.

The results of an omnibus 3 (left anterior vs. right anterior vs.
middle asymmetry) X 2 (PA vs. NA) ANOVA including the mid-
dle asymmetry group were consistent with the results of the
planned analyses. It yielded significant effects for valence, F(1,
36)=100.22, p <.0001, and, most important, a highly signifi-
cant Group X Valence interaction, F(2, 36) = 6.15, p=.005. As
indicated by the results of subsequent simple effects analyses
and post hoc Tukey honestly significant difference (HSD) tests
(Spjotvoll-Stoline modification for unequal ns, see Kirk, 1982)
comparing the middle mid-frontal group to the two extreme
asymmetry groups, the middle group had higher PA scores
than the right mid-frontal group, simple effects F(2, 36)= 6.37,
p < .005 (R? = .23, posthoc p < .01). However, middle asym-
metry subjects failed to differ from the left mid-frontal group
(p > .05). There were no significant differences among the NA
scores (all ps > .05).

Asindicated by Figure 2, despite the fact that the mid-frontal
and anterior temporal groups were largely independent, the
patterning of PANAS-GEN scores among subjects in the ante-
rior temporal groups paralleled that among the mid-frontal
groups. The results of analyses were consistent with this obser-
vation. Specifically, the planned Group (left anterior temporal
vs. right anterior temporal) X Valence (PA vs. NA) contrast indi-
cated the predicted significant interaction, #(23) = 2.20, p < .05.
Subsequent simple effects comparisons indicated that the left
anterior temporal group reported higher levels of positive affect
than the right anterior temporal group, #(23) = 2.42, p <.025.
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Figure 2. Mean Positive and Negative Affect Schedule (PANAS) Posi-
tive Affect and Negative Affect scores for left anterior temporal and
right anterior temporal groups. (Error bars denote one half of the stan-
dard error of the mean)

There were no significant differences between the two groups
in NA, #(23) = 1.14, p> .20.

As well as a significant effect for valence, F(1, 46) = 160.56,
p < .0001, the omnibus 3 X 2 ANOVA including the middle
anterior temporal group yielded a significant Groups X Valence
interaction, F(2, 46) = 3.41, p < .05. Although simple effects
analyses indicated a significant overall effect on the PA scale,
F(Q2, 46) = 3.57, p < .05, post hoc comparisons indicated no
significant differences between the middle anterior temporal
group and the other two groups on this measure (ps > .05).
Consistent with the results of the planned analyses, follow-up
analyses of the NA scale failed to yield significant differences.

AIM. We predicted that asymmetry groups would not differ
on the AIM. To test this prediction, for both the mid-frontal
and anterior temporal regions, we conducted planned compari-
sons between the right and left asymmetry groups. We also
computed a one-way ANOVA including middle asymmetry
groups in the design. In accordance with predictions, neither
the planned nor the omnibus analyses of the mid-frontal and
anterior temporal sites yielded any significant effects, or even
trends, on this measure (ll ps > .10; see Table 1).

Table 1
AIM Scores for Mid-Frontal and Anterior
Temporal Asymmetry Groups

Asymmetry group
Site Left Middle Right
Mid-frontal
M 411 4.04 3.90
SD 42 .54 .37
n 12 23 13
Anterior temporal
3.81 391 3.77
SD 42 .46 .34
n 14 28 13
Note. AIM = Affect Intensity Measure. Potential range of AIM is
from 1 to 6.
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Correlational Analyses

PANAS-GEN scales. As noted above, for comparative pur-
poses, we also computed correlations between anterior asym-
metry and affective traits. More specifically, we computed
correlations between subjects’ mean asymmetry, pooled over
Sessions | and 2, and their scores on PA, NA, the difference
between scores on the PA and NA scales, and the AIM. The
PA-NA difference measure was added because (a) it is algebrai-
cally equivalent to the dependent variable used in the planned
interaction contrasts to test experimental hypotheses and (b)
the difference between PA and NA is itself a meaningful con-
struct in research on the dimensional structure of emotion.
This difference is equivalent to the pleasure-displeasure di-
mension that Russell (1980, 1983) has argued is basic to emo-
tion (e.g., Tomarken et al., 1990).

Table 2 shows the correlations between mean mid-frontal
asymmetry, the PANAS-GEN measures, and the AIM. Shown
are the overall correlations for the sample as a whole and for two
different subclassifications of subjects that were based on time
of administration of the PANAS-GEN (Session 1 vs. the extra
Session 3) and the stability of EEG asymmetry across Sessions 1
and 2 (stable vs. unstable). When viewing Table 2, the reader
should bear in mind that higher scores on the asymmetry index
indicate greater relative left frontal activation.

Several features of the results displayed in this table are nota-
ble. First, all correlations involving the PANAS-GEN were in
the predicted direction; that is, greater relative left frontal acti-
vation was consistently associated with increased PA and de-
creased NA. Second, although none of the correlations for the
entire sample were significant, among those subjects who com-
pleted the PANAS-GEN at the same time that their EEG was
assessed (i.e., during Session 1), the correlation between frontal
asymmetry and the PA-NA difference score was significant. In
addition, there was a strong correlation in the predicted direc-
tion between asymmetry and NA scores among subjects whose
EEG was stable over time (- = —.47), but not among subjects
whose EEG was unstable (" = —.02). No correlations involving
the PANAS PA scale attained significance.
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Table 3 shows the correlations involving resting anterior tem-
poral asymmetry. Similar to Table 2, this table presents the
correlations for the sample as whole and for time of administra-
tion and EEG stability groups. In addition, the correlations for
each of the four Time of Administration X EEG Stability sub-
groups are included. Because of the overly small sample sizes in
certain groups {&.g., n = 7), these more fine-grained correlations
were not computed for the mid-frontal leads.

As evidenced by Table 3, anterior temporal asymmetry was
moderately, although significantly, associated with both PA and
the PA-NA difference score overall. Moreover, correlations in-
volving these two affect measures were even more robust
among subjects whose asymmetry was stable over time (eg.,
stable group rs = .49 and .42, respectively). In this regard, the
correlations within the Time of Administration X Stability sub-
groups were revealing, especially the strong correlation be-
tween asymmetry and PA among stable Session 3 subjects (7 =
.57). This finding is important, because it indicates that,
among subjects whose anterior temporal asymmetry was stable
over time, mean EEG asymmetry was able to predict subse-
quent PA scores obtained between 6 and 15 months after EEG
recordings were made. Although correlations involving NA
were less affected by EEG stability, this scale and the PA-NA
difference score were significantly correlated with anterior
temporal asymmetry among all subjects who were adminis-
tered the PANAS—-GEN in Session 1 (see Table 3).

As noted above, examination of Tables 2 and 3 indicated
that, in several cases, the magnitude of the correlations be-
tween EEG asymmetry and PANAS-GEN measures was con-
ditional on EEG stability or time of administration. To more
explicitly test whether these two factors moderated the relation
between degree of asymmetry and self-reported emotion, paral-
lelism tests were conducted comparing the siope of the regres-
sions of PANAS-GEN scales on EEG asymmetry for groups
differing in time of administration or stability (for the rationale
for comparing beta weights rather than correlations, see, e.g.,
Baron & Kenny, 1986). These parallelism tests are identical to
tests of the statistical significance of Asymmetry X Stability or

Table 2
Correlations Between Mid-Frontal Asymmetry and Emotion Scales
Emotion scale
PANAS-GEN PANAS-GEN PA — NA
Classification PA NA difference AIM

Overall (N = 72) .20 -.14 22 .19*
Time of PANAS-GEN administration

Session 1 (n = 43) 25 =22 31*

Session 3 (n = 29) .16 -.06 .14
EEG stability

Stable (n = 21) A2 —-.47* .38 ~.21°

Unstable (n = 51) .23 -.02 .16 ) b

Note. PANAS-GEN = Positive and Negative Affect Schedule (General version); PA = Positive Affect;
NA = Negative Affect; AIM = Affect Intensity Measure.

* Eighty-four subjects completed the AIM during Session 1. ® Twenty-two AIM respondents were in the
EEG stable group and 62 were in the EEG unstabie group.

*p<.05. **p<.025.
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Table 3
Correlations Between Anterior Temporal Asymmetry and Emotion Scales
Emotion scale
PANAS-GEN PANAS-GEN PA — NA
Classification PA NA difference AIM
Overall (N = 73) 25* -.19 28%* -.03*
Time of PANAS-GEN administration
Session 1 (n = 43) .26 — 4% 44renx
Session 3 (n = 30) 22 .18 02
EEG stability
Stable (n = 36) 49ree* -.29 42%* —.11°
Unstable (n = 37) .14 -.15 .19 .04
Time of PANAS-GEN
administration X EEG Stability
Session 1
Stable (n = 21) 52%= -.35 ] bt
Unstable (n = 22) .16 —.45* .38
Session 3
Stable (n = 15) 57+ .00 .33
Unstable (n = 15) —.15 27 -.27

Note. PANAS-GEN = Positive and Negative Affect Schedule (General version); PA = Positive Affect;

NA = Negative Affect; AIM = Affect Intensity Measure.

* Eighty-four subjects completed the AIM during Session1. ® Thirty-seven AIM respondents were in the

EEG stable group and 47 were in the EEG unstable group.
*p<.05. *p<.025. ***p<.0l. **** p<.005.
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Asymmetry X Time of Administration interaction terms in-
cluded in a hierarchical multiple regression analysis (Mara-
scuilo & Levin, 1983). Such interaction tests have been recom-
mended as the most appropriate procedure for testing whether
a given factor serves as a moderator variable in the strict sense
of the term (e.g., Paunonen & Jackson, 1985). The only signifi-
cant effect yielded by the parallelism tests indicated that the
relation between anterior temporal asymmetry and the PANAS
NA score was moderated by time of administration (p <.025).
That no other effects were significant necessitates some caution
in the interpretation of the differences among subgroups shown
in Tables 2 and 3.

AIM. In general, as predicted, the correlations involving the
AIM shown in Tables 2 and 3 were nonsignificant. The sole
exception was the significant positive correlation between mid-
frontal asymmetry and AIM scores among unstable subjects
(see Table 2). Oddly, there was a negative, albeit nonsignificant,
correlation among stable subjects. Parallelism tests indicated a
significant difference in the beta weights associated with these
two correlations (p < .05). As hypothesized, and consistent
with the results of the between-groups analyses, all correlations
between anterior temporal asymmetry and AIM scores were
nonsignificant and near zero.*

Discussion

We hypothesized that relative left hemisphere activation in
mid-frontal and anterior temporal sites would be associated
with increased PA and decreased NA on the PANAS-GEN.
Conversely, we predicted that resting anterior asymmetry
would be independent of subjects’ scores on the AIM, which
assesses generalized reactivity. On the whole, the results of anal-
yses were supportive of these hypotheses, with the qualifica-

tions noted below. Between-groups analyses revealed that sub-
jects characterized by relative left hemisphere activation in
both the mid-frontal and anterior temporal regions reported
increased dispositional PA and decreased dispositional NA,
when compared with subjects characterized by relative right
hemisphere activation. Follow-up analyses indicated that these
differences were significant for PA, but not for NA. The strong
parallels between the mid-frontal and anterior temporal results
are especially notable given that the two classifications were
only weakly correlated in the present context.

Correlational analyses including the entire sample of subjects
revealed associations between anterior asymmetry and the
PANAS-GEN scales that were consistently in the predicted
direction, although generally only moderate in size. When
correlations were computed including only those subjects who
were administered the PANAS-GEN in Session 1, three of the
six correlations between anterior asymmetry measures and the
PA, NA, and PA-NA difference score were statistically signifi-
cant. This observation is important given that subjects excluded
from these analyses were administered the PANAS-GEN be-
tween 6 and 15 months after EEG recordings. The test-retest
correlations reported above (see Method) for both anterior
asymmetry and the PANAS-GEN scales suggest that, whereas
both sets of measures have adequate stability over time, both
are also susceptible to some degree of interindividual change

“ Because it might be predicted that increased generalized reactivity
would be associated with less stable EEG patterning over time, we
conducted ¢ tests comparing stable and unstable EEG groups on AIM
scores. For both the mid-frontal and anterior temporal sites, these com-
parisons were nonsignificant (both ps > .10). In addition, total EEG
power summed over homologous leads (e.g., F3 and F4) failed to pre-
dict AIM or PANAS-GEN scores.
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over the course of 6 to 15 months. It is likely that this factor
served to attenuate the correlation between anterior asymmetry
and PA and NA measures on the combined analyses including
both Session 1 and Session 3 subjects. Relatedly, correlations
including those subjects whose anterior asymmetry met spe-
cific stability criteria across the two experimental sessions of-
fered stronger support for hypotheses than the combined analy-
ses. Particularly notable was the robust correlation between
anterior temporal asymmetry and PA among subjects who
completed this scale well after Sessions 1 and 2. We address the
issue of individual differences in the stability of resting anterior
asymmetry in greater detail below.

Analyses of the AIM were also generally consistent with pre-
dictions. The ANOVAs indicated that both mid-frontal and an-
terior temporal asymmetry failed to significantly predict AIM
scores. Similarly, correlational analyses revealed that anterior
temporal asymmetry generally failed to significantly predict
generalized reactivity.

Below, we comment on the implications of our results for
conceptualization of the relation between anterior asymmetry
and fundamental emotion dimensions, after which we discuss
some of the conceptual and methodological issues raised by the
present study.

Anterior EEG Asymmetry and Positive and Negative
Affect

Previous results from our laboratory demonstrated that indi-
vidual differences in anterior EEG asymmetry can predict sub-
sequent affective reactivity to stimuli (Davidson & Fox, 1989;
Tomarken et al., 1990). The present findings extend these re-
sults by showing that individual differences in both mid-frontal
and anterior temporal asymmetry are linked to corresponding
differences on fundamental dimensions of emotion.

In light of previous findings concerning the affective corre-
lates of anterior asymmetry, the significant effects on the
PANAS PA factor yielded by both the between-groups and
correlational analyses are especially significant. In some of our
previous studies, we have found that anterior asymmetry is
more strongly linked to negative affect than to positive affect.
For instance, Davidson, Ekman et al. (1990) found that al-
though facial expressions of disgust were associated with signifi-
cant increases in relative right frontal activation, frontal asym-
metry during facial expressions of felt happiness failed to be
associated with significant increases in left frontal activation
relative to baseline conditions. Similarly, although Tomarken et
al. (1990) found that resting frontal asymmetry predicted nega-
tive affective responses to film clips, it failed to predict positive
affective responses (but see Wheeler et al., in press).

We have speculated previously that the reason for these
weaker effects on positive affect measures is that a variety of
specific and distinct affective~motivational states may fall
under the broad rubric of positive affect (e.g., Davidson, Ekman
et al., 1990). However, only some of these states may be charac-
terized by strong approach motivation, which is hypothesized
to be the critical component linked to relative left anterior acti-
vation. In this view, approach is denoted by such features as
heightened incentive motivation and task engagement. As
noted above, Watson, Tellegen, and their colleagues (Tellegen,

1985; Watson & Tellegen, 1985) have argued that pure markers
of PA denote strong engagement with tasks or with the environ-
ment. In addition, they and others (e.g., Depue & Iacono, 1989)
have argued that PA is rooted in a neurobehavioral approach
system characterized by heightened appetitive and incentive
motivation. That the results of the present study reveal a link-
age between PA and anterior asymmetry supports the hypothe-
sis that the latter reflects the relative strength of approach moti-
vation.

Additional Conceptual and Methodological Issues

Four key conceptual and methodological issues are raised by
the present study that should be addressed in future research.
First, as noted above, it is necessary to examine precisely what
affective dimensions particular patterns of brain activation
best map onto. For example, as noted above, Russell (1980,
1983) has proposed a model of emotion that is an alternative to
that of Watson and Tellegen (1985). In this view, two primary
dimensions, denoted as pleasure-displeasure and arousal, un-
derlie mood self-reports. Of particular interest is the pleasure—
displeasure dimension that represents the difference between,
or relative balance of, positive and negative affect’ (e.g., Tomar-
ken et al., 1990; Watson, 1988). In this regard, it should be noted
that (a) the significant interactions yielded by the planned con-
trasts directly tested for effects on the difference between PA
and NA and (b) there were several significant correlations be-
tween anterior asymmetry and the PA-NA difference score,
both in the sample as whole and in specific subgroups. Unfortu-
nately, in the present study, unique emotion descriptors that
assessed the pleasure-displeasure dimension were not used.
More generally, the present study leaves unanswered several
additional questions concerning the relation between anterior
asymmetry and the dimensional structure of emotion. For in-
stance, the PANAS-GEN assesses only the high activation
poles of PA and NA. The PA scale, for example, contains high
PA descriptors (e.g., enthusiastic) but no low PA descriptors, (€.g.,
sluggish). There is evidence that the high and low activation
poles of PA and NA may constitute separate unipolar dimen-
sions under certain conditions (e.g., Burke, Brief, George, Rob-
erson, & Webster, 1989).

In addition to clarifying the relation between anterior asym-
metry and different dimensional models of emotion, research
is needed to assess the precise mechanisms that account for the
relation between anterior asymmetry and individual differ-
ences in self-reported affective traits. Although space con-
straints preclude a more complete discussion of this issue, one
possibility is that the linkage between anterior asymmetry and
dispositional PA and NA is due to altered neural thresholds for
positive and negative reactions to naturalistic emotion elicitors.
This possibility is consistent with our prior evidence that indi-
vidual differences in anterior asymmetry are linked to differ-
ences in affective reactivity to emotional stimuli (e.g., Tomarken
et al., 1990). In addition, this hypothesis is consistent with evi-
dence that individual differences in personality (e.g., extraver-
sion) are related to differences in reactivity to affective stimuli
that, in turn, may contribute to long-term differences in tonic
levels of positive or negative affect (¢.g., Larsen & Ketelaar,
1991; Tellegen, 1985).
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A second conceptual issue raised by the present study con-
cerns the measurement of EEG activation. In the present study,
consistent with our previous work and the related work of other
investigators, we assessed EEG asymmetry, that is, the differ-
ence in activation between homologous right- and left-hemi-
sphere sites. One potential limitation of reliance on a measure
of asymmetry is that the same asymmetry score could conceiv-
ably reflect several different patterns of brain activity. For exam-
ple, among those with relative left anterior activation, there
could be several subtypes of subjects: those characterized by
left anterior hyperactivation, right anterior hypoactivation, or
some combination of the two. It would be optimal to arrive at
separate indices of site-specific activation rather than to rely on
a measure of asymmetry that reflects the difference in activa-
tion between two sites. Such indices would be especially opti-
mal in the present context given that we assessed the relation
between one variable, anterior EEG asymmetry, and two di-
mensions, PA and NA, that have previously been shown to be
uncorrelated. Perhaps, then, a more fine-grained analysis in-
cluding site-specific measures would show a more differen-
tiated pattern of results, with EEG activation in certain anterior
sites linked predominantly to PA and with activity in other sites
linked predominantly to NA (g, Davidson & Tomarken,
1989).

Unfortunately, the methodological issues concerning the
measurement of individual differences in site-specific resting
EEG activation are more complex than they might initially ap-
pear. For example, raw power, or power density, in a given site
cannot be used as a measure of activation because a major
determinant of power values is thickness of the skull (David-
son, 1988). We are currently exploring several methods for as-
sessing site-specific activation and the patterning of activation
across multiple sites. All of these require recording of the EEG
from multiple scalp regions. Unfortunately, because the EEG
was recorded from only five active sites (F3, F4, T3, T4, and C2)
for approximately half the subjects in Session 1, such methods
could not be used in the present study.

A third issue raised by the present study is whether it is opti-
mal to treat anterior asymmetry as an underlying continuum
and to use predominantly correlational methods of analysis or
to focus on extreme groups and to use between-groups analytic
methods. Primarily because there is ample precedent for both
approaches in previous work on individual differences in emo-
tion, the present study adopted a dual analytic strategy. In gen-
eral, the results of the two methods of analysis agreed, particu-
larly for the anterior temporal region. In this region, both the
between-groups and the stable-subgroup correlational analyses
indicated a significant relation between asymmetry and PA and
the difference between PA and NA. The mid-frontal findings,
however, revealed some inconsistencies, with the between-
groups analyses indicating a significant linkage with PA but not
with NA, whereas the correlational analyses revealed the re-
verse pattern, at least among subjects with stable EEG asym-
metry.

An examination of scatter plots displaying the regression of
PA and NA on mid-frontal asymmetry revealed the likely rea-
son for this discrepancy. NA tended to be linearly related to
asymmetry. Conversely, consistent with the results of the omni-
bus ANOVA reported earlier, the PA scores of subjects with

extreme relative right frontal activation tended to be rather dis-
continuous with scores of subjects with different patterns of
asymmetry. These observations are consistent with the com-
mon observation that correlational methods are superior when
variables are linearly related but that between-groups ap-
proaches may be optimal under other circumstances. Clearly,
however, the issue goes well beyond that of the relative statisti-
cal power afforded by different analytic approaches. In particu-
lar, a prime conceptual question is whether variations in pat-
terns of anterior asymmetry reflect differences in kind or dif-
ferences in degree. We believe that further understanding of the
etiology and biological substrates of individual differences in
anterior asymmetry will be the critical factor determining
whether a typological or dimensional approach is optimal.

The fourth and final issue raised by the present study is that
of the stability of anterior EEG asymmetry. Although caution is
necessary because of the nonsignificant parallelism results, the
correlational analyses indicated that whereas resting asym-
metry significantly predicted self-reported affect among sub-
jects whose EEG patterns were stable over time, it typically
failed to be a significant predictor among subjects with unsta-
ble EEG patterns. In addition, it is important to note that the
right and left anterior groups used in the between-groups analy-
ses were composed of subjects who demonstrated both extreme
and stable patterns of asymmetry.

That anterior asymmetry demonstrated adequate but not op-
timal stability and that it failed to significantly predict emotion
self-reports in subjects with unstable EEG asymmetry are addi-
tional reasons why our results require replication and exten-
sion. One question raised by these findings is the nature of
individual differences in EEG stability. As reported by Tomar-
ken etal. (in press), estimates of the internal consistency reliabil-
ity of anterior asymmetry across the eight baselines of a given
session indicated high internal consistency in the present sam-
ple (eg., coefficient as in the .85 to .95 range). This finding
suggests that changes in asymmetry over time reflect “true”
change rather than measurement error (€.g., Nunnally, 1978).
Whether, however, there actually are replicable individual dif-
ferences in the stability of asymmetry requires an experimental
design in which EEG is assessed across multiple recording oc-
casions. Such a design would allow examination of whether
those subjects whose asymmetry significantly shifts between
Sessions 1 and 2, for example, also are more likely to demon-
strate a shift on other occasions.

If there are in fact replicable individual differences in stabil-
ity of asymmetry, it may prove to be the case that, in the long
run, a methodological strategy involving the selection of those
subjects who manifest stable asymmetry will yield optimal pre-
diction of affective and other measures. Such a strategy has a
strong parallel to one that has been advocated by various per-
sonality theorists who have argued that a given trait may only be
applicable to those individuals who manifest a consistent pat-
tern of response across items that assess it {¢.g., Baumeister &
Tice, 1988; Bem & Allen, 1974). However, it should be noted
that several commentators have strongly criticized whether se-
lection of stable or consistent responders is actually an optimal
strategy for personality assessment (¢.g., Paunonen & Jackson,
1985; Tellegen, 1988). Such critics have favored an alternative
approach emphasizing aggregation of measures over time or
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across items and the use of such aggregated measures to predict
the behavior of all subjects (e.g., Rushton, Brainerd, & Pressley,
1983). In future studies including multiple assessments of rest-
ing asymmetry across time, we intend to evaluate the compara-
tive validity of these differing approaches to the measurement
of anterior asymmetry.

Finally, we should note one additional limitation of the pres-
ent study that warrants attention in future research. Only
women served as subjects. Although there is generaily weak
evidence for sex differences in individual differences related to
hemispheric asymmetry (e.g., Hellige, 1990), and although we
have recently found no evidence of sex differences in asymme-
tries related to emotion (e.g., Sobotka, Davidson, & Senulis,
1991), future studies including both sexes are necessary to de-
finitively assess whether the present findings are generalizable
1o men.

In summary, the present findings indicate that resting ante-
rior EEG asymmetry predicts individual differences in positive
and negative affect. These results require replication and exten-
sion by studies designed to clarify the precise affective dimen-
sions assessed by EEG asymmetry and the optimal methods for
measurement of EEG parameters.
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