Psychophysiology, 361998, 607—-614. Cambridge University Press. Printed in the USA.
Copyright © 1998 Society for Psychophysiological Research

Anterior electrophysiological asymmetries, emotion, and
depression: Conceptual and methodological conundrums

RICHARD J. DAVIDSON

Laboratory for Affective Neuroscience, University of Wisconsin—Madison, USA

Abstract

Two reports in the last issue of this journal attempted to replicate aspects of our previous studies on anterior electro-
encephalogranfiEEG) asymmetry, affective style, and depression. In this commentary, an overview is provided of our
model of anterior asymmetries, affective style, and psychopathology. Emphasis is placed on conceptualizing the
prefrontal and anterior temporal activation patterns within a circuit that includes cortical and subcortical structures. The
causal status of individual differences in asymmetric activation in the production of affective style and psychopathology
is considered. Major emphasis is placed on EEG methods, particularly the need for multiple assessments to obtain
estimates of asymmetric activation that better reflect an individual’s true score. Issues specific to each of the two articles
are also considered. Each of the articles has more consistency with our previously published data than the authors
themselves suggest. Recommendations are made for future research to resolve some of the outstanding issues.

Descriptors: Affect, Depression, EEG, Asymmetry

In the last issue of this journal were reports from two groups thathose from my laboratory that these studies putatively replicated. |
have attempted to replicate aspects of our previous studies cslso comment on the analytic strategies adopted by the authors in
relations between resting electroencephalograBEG) mea-  each case and note how they compare with the original work they
sures of anterior activation asymmetry and depres$tmid, Duke, = were intended to replicate and to the theoretical model they were
& Allen, 1998) and reactivity to positive and negative emotion- designed to evaluate. In each case, serious concerns about the
eliciting stimuli (Hagemann, Naumann, Becker, Maier, & Bar- analytic strategy are raised in relation to both conceptual and meth-
tussek, 1998 These attempted replications have met with mixedodological issues in this area of research. Some recommendations
success. In each of the articles, the authors have thoughtfully corare made for future research to help clarify some of the questions
sidered variables that might account for the discrepancies betweedhat have been raised.

their reported results and those in the published literature. The goal

for th'.s commentary is to first mtroduce_ some g(_eneral r.emarkSAnterior Activation, Affective Style, and Psychopathology:

about issues that are common to both articles. | briefly review an%larifications of the Model

update our model of anterior activation asymmetries and their

relation to affective style and psychopathology. | also comment orBoth of the articles under consideration examine relations between
some of the prior literature, both studies mentioned in these article#dividual differences in a measure of anterior activation asymme-
and some studies that were omitted. Methodological issues raiseity and individual differences in aspects of emotional behavior. In
in each of the articles that pertain to the use of EEG to assesgne case, relations between anterior asymmetry and depression are
patterns of stable trait-like individual differences in activation of examined and in the other case, relations between anterior asym-
circuitry associated with affective style is considered. | then ad-metry and reactivity to positive and negative emotional stimuli in
dress the specific operational tests that are represented in the tw@rmal subjects are studied. Whereas each of the articles is meant
articles under consideration and note a number of potentially imto replicate a specific prior study, each is also predicated on a
portant differences between the design of the present studies armaodel of anterior asymmetry and emotigrereafter referred to as
either “the model” or the AAE modgkthat | have developed with

my colleagues over the past 15 ye@Davidson, 1984, 1992, 1994,
1998; Davidson & Tomarken, 1989The model has undergone
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1990 that two major forms of motivation and emotion are repre- affective style, self-report measures in the long run will prove to be
sented in separate neural circuits. The approach system facilitaté@sadequate to capture the core characteristics of affective style that
appetitive behavior and generates certain forms of positive affectare governed by the circuitry that | described above. This position
The withdrawal system facilitates the withdrawal of an organismis described in detail in a recent revié@avidson, 1998 We have
from sources of aversive stimulation and generates certain formssed our model to help predict vulnerability to psychopathology
of negative affect. In my recent revie(Davidson, 1998 many  because virtually all forms of major mental illness involve some
brain regions were identified that constitute the circuitry underly-abnormality of emotion. However, it is essential to keep in mind
ing these emotional systems. The brain regions and structures thtitat traditional diagnostic categories are extremely heterogeneous
comprise these systems include the dorsolateral prefrontal corteand are not likely to map neatly onto brain circuitry. Moreover,
the ventrgimedial prefrontal cortex, the nucleus accumbgres-  there is considerable comorbidity among various disorders, partic-
ticularly the shell regiopnand other parts of the basal ganglia, the ularly depression and anxiety, which share a core of common
amygdala, the anterior temporal cortex, the parietal cortex, and theymptoms and genetic liabilitMineka, Watson, & Clark, 1998
hypothalamus. Some of these regions participate in both hypoth- When an individual with left-sided prefrontal hypoactivation is
esized circuits, whereas other structures have been implicated moexposed to negative life events over a prolonged period of time, we
in one system than in the oth@.g., the nucleus accumbens in the predict that there is an increase in the probability of developing
approach system; the amygdala in the withdrawal systeltave  depression. However, as a contributory cause, we w@blaot
hypothesized that a lateralization for valence exists in some, buexpect all subjects with relative right-sided anterior activation to
not all components of this circuitry, primarily in the anterior cor- be depressed; an@) not expect all depressed subjects to show
tical regions that have been implicatestte Davidson, 1998There  relative right-sided anterior activation, because we assume that
are undoubtedly complex interactions among structures within dhere are multiple, complex routes to this disorder. We would pre-
circuit with both extensive excitatory and inhibitory influences. dict, however, that depressed individuals would show abnormali-
Moreover, it is likely that emotional behavior can be generatedties in at least some components of this circuitry.
without activation of all components of the circuit.

Whereas interactions undoubtedly occur between the approac, . . . Lo . .

. e‘onsstenues and Inconsistencies in Prior Literature

and the withdrawal systems, these systems have been conceptual-
ized as relatively orthogonal. In particular, we have continuouslyin each of the two articles under consideration, reference was made
underscored the importance of examining activation levels in theo studies in the literature that putatively bear on the validity of the
separate right and left hemisphere components of these circuiteyodel of anterior activation asymmetry and affective valence. Here
because some forms of psychopathology or affective style willl will comment briefly on those studies that have been interpreted
likely involve bilateral differences in these systems. In the area oto show failures to replicate the basic pattern of findings we have
depression in particular, | have suggested that decreased activatipneviously reported. Many of these issues have already been con-
in both the left and right prefrontal region is predicted to be assosidered in previous review&avidson, 1993; Davidson & Hen-
ciated with deficits in both the approach and withdrawal systemfiques, in press First are the lesion daté.g., House, Dennis,
respectively, and as such, is likely to be associated with symptom#/arlow, Hawton, & Molyneux, 1990that failed to replicate the
such as generalized blunted affect and anhed@&a Davidson, earlier observations by Robinson and his colleagees., Robin-
1994, 1998 Importantly, this view has critical methodological son & Price, 1982; Robinson, Kubos, Starr, Rao, & Price, 1984;
consequence, as it requires that the analytic strategy adopted pexee review by Robinson & Downhill, 199%f an increase in
mit the examination of the independent contributions of the twodepression following left prefrontal lesions. As we have noted
hemispheres to the behavior in question. Such methods were utabove and elsewhef®avidson, 1993; Davidson & Henriques, in
lized in the two studies from my laboratofienriques & David-  pres$, the diathesis-stress model acknowledges explicitly that pa-
son, 1991; Wheeler, Davidson, & Tomarken, 1988t were the tients with lesions in critical zones of the left hemisphere that have
focus of the attempted replications, but were not used in the studigdseen implicated in the approach system circuitry will not neces-
under question. More will be said about this issue below. sarily become depressed. In other words, lesions in these locations

We have proposed that individual differences in some aspectare not sufficient for the production of depression. The lesions
of affective style are influenced by the activation levels of com-represent diatheses that will likely alter an individual’s vulnerabil-
ponents of this circuitry. With particular regard to prefrontal acti- ity to depression by affecting components of their affective style.
vation asymmetry, we view individual differences in this componentAs | have explained elsewhe(e.g., Davidson, 1993the patient
of the circuitry as a contributory cause of affective style. As asample used by House et &.990 was different from that tested
contributory cause, such differences in prefrontal activation aren the Robinson series. For example, fewer than half the patients in
neither necessary nor sufficient for the production of a specificthe House et al(1990 study had been hospitalized as a result of
type of affective style or psychopathology. With regard to deprestheir stroke whereas all of the patients examined by Robinson and
sion per se, we have unambiguously suggested that individudPrice(1982 were hospitalized. There were also major differences
differences in prefrontal asymmetry are most appropriately viewedn the percentage of patients who lived alone. As was made clear
as diatheses that bias a person’s affective style, and then in tuiin the report of another grougAstrom, Adolfsson, & Asplund,
modulate an individual’s vulnerability to develop depression. Thel993, whether or not the patient is living alone and the number of
proximal result of individual differences in this circuitry is varia- social contacts are two key variables that predict the long-term
tion in components of affective style, not depression or any otherourse of depression in stroke patients. Whether or not the lesion
form of psychopathology per se. Our model was never intended ais in the anterior left hemisphere was the single most important
a model of depression or any other form of psychopathology forpredictor of immediate poststroke depression according to this
that matter. Moreover, it is likely that although we and others havestudy. The basal ganglia are critical sites for poststroke depression
uncovered relations between individual differences in prefrontaland the effect appears to be strongly lateraligest Robinson &
asymmetry and self-report measures that reflect components @ownbhill, 1995, for review. As | noted above, the basal ganglia
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are key component of emotional circuitry and left-sided regionsexamined EEG using a physically linked ears reference from a
within the basal ganglia are particularly important in the approachtotal of nine male subjects presented with short film clips. A small
circuit. Lesions of this area have been found to increase the likeamount of data per subject per condition was ugedier 45 & A
lihood of major depression, including in a study that was listed bynumber of interactions with emotion condition, hemisphere and
Reid and her colleagues as a failure to replicate the associaticgimpography as factors were close to being significant although with
between left anterior lesions and depressiblermann, Bartels, the sample size used, did not reach significance. As we showed in
Schumacher, & Wallesch, 1995 hese latter authors reported that our article on EEG changes induced in response to emotional films
patients with lesions of the left hemisphere basal ganglia showe@Davidson et al., 1990bonly when specific epochs were extracted
a significantly higher frequency of major depressive disorders andor analysis based upon the presence of objective facial signs of
scored significantly higher on depression rating scales compared wittmotion did we find a reliable difference in anterior EEG asym-
patients with lesions in all other territories of the vascular supply.metry between positive and negative emotion conditions. Such
As noted by Reid et al1998, a number of studies using both procedures designed to objectively verify the presence of the in-
positron emission tomograpiy?ET) and EEG methods have re- tended emotion were not utilized in this study or related studies
ported bilateral decreases in frontal activation in depressed patients.g., Cole & Ray, 1986
compared with controls. As noted above, this pattern is not incom-  Finally, many published studies were not cited in either of the
patible with our model. We would predict that such individuals two articles under consideration, both from my laboratory and
have decreased activation in components of both the approach affim several independent groups, that support our basic model.
withdrawal systems and should show correspondingly appropriatdmong them include Sobotka, Davidson, and Send#92, Dre-
symptoms, including a relative lack of reactivity to both positive vets et al.(1997), Jones, Field, Fox, Lundy, and Daval@997),
and negative incentives. As will be discussed in the final sectiorField, Fox, Pickens, and Nawrocki995, Dawson, Klinger, Pa-
of this commentary, studies that parse individuals on the basis afiagiotides, Hill, and Spiekef1992, and Tomarken and Keener
measures of brain function and then evaluate the consequences @098. In addition, we have performed several studies showing
these individual differences in patterns of brain function on objec-relations between individual differences in prefrontal asymmetry
tive measures of affective reactivity, are critically needed. Researcin rhesus monkeys and biological and behavioral indices that re-
that begins with traditional nosological categories from descriptiveflect affective style(Davidson, Kalin, & Shelton, 1993; Kalin,
psychiatry is going to be ultimately fraught with problems becauseLarson, Shelton, & Davidson, 1988These studies show that an-
these categories are not likely to map cleanly onto brain circuitryimals with greater relative left-sided activation have a more pos-
Hagemann et al1998 review a number of EEG studies that itive and less negative affective and biological profile.
they interpret as failing to replicate associations between either
measures qf resting anterior activation asymmetry and _dep_ressme;eneral Issues Regarding EEG Methods
or emotion-induced changes in asymmetric anterior activation. We
have recently commented on many methodological issues in thEach of the articles under consideration raised several issues of
EEG/depression research aré@avidson & Henriques, in press crucial importance for the use of EEG to make inferences about
and so will not repeat these issues here, though diagnostic heterpatterns of regional cortical activation. Although a detailed con-
geneity and variability in the nature of the measures used arsideration of these issues is beyond the scope of this brief com-
salient characteristics of this literature. Whereas most of the studnentary(see Pivik et al., 1993; Davidson, Jackson, & Larson, in
ies on quantitative EEG and depression were not explicitly depress, for detailed consideration of these issulewill comment
signed to test the association between our model of anterior EE@ere on a few of the questions that were raised about EEG meth-
asymmetry and depression, Hagemann et al. refer to several othedology because they bear directly on my more specific remarks
EEG studies in normal subjects that were designed to be at leasbout each article.
partial tests of the valengasymmetry hypothesis. In these studies,  First is the issue of the reliability of EEG measures of asym-
emotion was experimentally induced and changes in anterior EE@etry. With respect to reliability, data presented in each of the two
asymmetries were examined. Collet and Ducléi$87) used short  reports under consideration indicate that measures of EEG asym-
film clips to induce happiness and sadness. After all of the clipametry show good internal consistency reliability. However, in nei-
had ended, they had subjects “mentally review” the clips they hadher of these reports is test-retest stability examined. As we have
been exposed to previously and the EEG was derived from a singléemonstrated Tomarken, Davidson, Wheeler, & Kinney, 1992
30-s period during the happy review period and compared with aneasures of frontal EEG asymmetry are only moderately stable
single 30-s period during the sad review periddtermined on the over a short time intervalaverager of approximately .6 over a
basis of facial electromyogram measuyrekhey found a nonsig- three-week interval Based upon the test-retest reliability esti-
nificant difference in the predicted direction in the mid-frontal mates we have obtained, in all of the data we have collected since
scalp region(F3,4 on a measure of alpha power asymmetry usingour 1992 study Tomarken et al., 1992bwe have tested individ-
an average reference based on a total of nine electfededelow uals on at least two occasions to examine stability and to obtain a
for discussion of the reference electrode igstighe effect for  more accurate estimate of an individual’s true score on the asym-
females was stronger though still not reliable. Although the datametry metric. In most of the work focused on individual differ-
from this study do not support the basic hypothesis of a differencences in EEG measures of frontal asymmetry and their relation to
in frontal asymmetry during induced happiness and sadness, theedfective style, we have utilized selection procedures to screen
are a sufficient number of differences between this study and thagxtreme andor stable groups of subjects or we have used multi-
others we have performed in adults during which emotion has beesession measures to provide us with a better estimate of an indi-
elicited (e.g., Davidson, Ekman, Saron, Senulis, & Friesen, 1990 vidual's true score on an asymmetry measure. Thus, for example,
as to make comparison between them hazardous at best. Othierthe Sutton and Davidsai1997) study that reported on relations
methodological questions can raised about each of the other stutbtetween EEG asymmetry and scores on the Behavioral Activation
ies. For example, Schellberg, Besthorn, Klos, and Gad€30 and Inhibition scale¢Carver & White, 1994 EEG was measured
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on two separate occasions, separated by 6 weeks. Similarly, iNitschke, 1998 on this question. According to Heller, individual
studies examining relations between baseline measures of EEdifferences in posterior activation asymmetry should vary with
asymmetry and cognitive performance, we have also tested sulsymptoms of anxious arousal, with those showing more anxiety
jects on two separate occasiofZavidson & Hugdahl, 1996 In having greater right-sided parietal activatidfeller, 1993. Thus,
our study of relations between individual differences in prefrontalaccording to this view, individuals with symptoms of both depres-
EEG asymmetry and dispositional positive and negative affecsion and anxiety are likely to show right-sided activation in both
(Tomarken, Davidson, Wheeler, & Doss, 199@ur major analytic ~ frontal and parietal scalp regions. If an analysis of variai#dé-
strategy was to compare individuals who showed extreme an®VA) is performed on metrics of activation asymmetry with group
stable right-sided frontal activation with those showing extremeand site(frontal, parietal as factors, we would specifically not
and stable left-sided frontal activation. However, in that study wepredict an interaction if right-sided activation is expected to be
also report on the correlations between measures of EEG asynpresent in both anterior and posterior scalp regions. The primary
metry and dispositional positive and negative affect and we presemhethod used to test the hypothesis of differences in frontal EEG
the correlations for the group as a whal = 72), as well as  asymmetry between depressed and nondepressed subjects in this
subjects with stable frontal asymmetry between assessifteos®  study was to perform an ANOVA on asymmetry scotkesy right
whose Session 2 standardized asymmetry score was within oneainus log left alpha powgwith group and sitémid-frontal, lateral-
third of a standard deviation of their Session 1 standardized scordrontal, and parietalas factors. To establish support for the AAE
and those with unstable frontal asymmetry between assessmentaodel, Reid et al. required the Group Site interaction to be
As we showed in that study, stronger relations between EEG asynsignificant. Moreover, when Group Site ANOVAs were com-
metry and measures of dispositional affect were found for theputed, they usually included three sitésid-frontal, lateral-
stable subjects compared with those whose asymmetry scores wefrental, and parietal and the conservative Greenhouse—Geisser
less stable between assessments. These data clearly underscoredbigection was utilized rather than MANOVAs, which are consid-
critical importance of adopting a multisession strategy in individ- erably more powerful. As noted above, if the parietal region were
ual differences research that seeks to use EEG measures of asytn-show right-sided activation along with the frontal region, the
metry as traitlike indices. interaction would not be significant. It would have been more
With respect to the issue raised by Hagemann e{1#98 appropriate to test directly the group difference in frontal activa-
regarding whether variations in alpha power can be used as a proxjon by computing a Groupx Hemisphere ANOVA on the frontal
for activation, relevant theory and data are extensively reviewed iralpha power measures, as we did in Henriques and DavidS81).
Davidson, Jackson, & Larsdin pres$. Whereas definitive studies This strategy also permits an assessment of the main effect for
that examine relations between simultaneously acquired EEG angroup across hemisphere to test whether bilateral differences in
hemodynamic measurd®ET or fMRI) have not yet been per- activation might differentiate between groups, as some have re-
formed (but see Larson et al., 199&ther data suggest that vari- ported. Unfortunately none of the separate data for each hemi-
ations in regional alpha power can be used in this (8ag Davidson, sphere are presented in this article so the reader cannot evaluate
Chapman, Chapman, & Henriques, 1990, for discugsion whether any group differences might have been presented bilaterally.
A crucial issue raised in both articles is the choice of an ap- In their Study Il with the sample of clinically depressed pa-
propriate reference. A commendable feature of each of these arttients, Reid et al. reported that for both the computer-derived linked
cles is the use of multiple references and the direct comparisomastoid(LM ) and the averagéAR) references, the Groug Site
among references, a strategy we have advocated and illustrated fimteraction was indeed significant. They attribute this interaction
many yeargsee e.g., Davidson et al., 1990a; Henriques & David-exclusively to the group difference in parietal asymmetry for the
son, 1990, 1991; Tomarken et al., 1992Both articles demon- LM reference, although their Figure 2 clearly indicates greater
strate that correlations between frontal EEG asymmetry measureslative right-sided frontal activation in F& using both the LM
derived with a Cz and a computer-averaged ears or mastoid rend the average references. It seems clear that with either a less
erence are poor, whereas the Reid et al. article shows that correonservative, more direct test of the group difference in frontal
lations between an average reference and a computer-derivexymmetry, or with a slightly larger sample size, the group differ-
mastoid reference are good. In our recent work, we have consience would indeed be significant. When Reid et al. analyzed the
tently advocated for the use of either an average-ears or if a suflata from Study Il separately for each 2-min block of data, they did
ficiently large number of electrodes are available, an averagdind significant differences in lateral frontal asymmetry in the pre-
reference. It is only in our earlier studies that we used a vertexdicted direction for the first block of data. It is noteworthy that the
reference because neither an average-ears nor an average refereaggmmetry scores for the depressed group were lower than those
was available in those early experime(gse footnote 2 in Tomar- for the control group at each of the four time points, indicating
ken et al.,, 1992a Based upon theoretical grounds, an averageconsistently more relative right-sided frontal activation throughout
reference is clearly the more appropriésee Davidson, Jackson, the 8-min recording period.
& Larson, in press, for detailed discussjoAs Hagemann et al. The initial study presented in this article using a subclinical
correctly note, the use of a Cz reference is potentially problematiclepressed student sample differed in one important respect from
because as an active site, variations in power at Cz can distort theur study(Schaffer, Davidson, & Saron, 1988sing subclinically
magnitude and direction of asymmetry recorded from lateral sitesdepressed students. In our study, we used the Beck Depression
Inventory(BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961
for screening subjects in a mass testing, as Reid et al. did. How-
ever, we imposed a dual criterion for selection into the depressed
Of major importance in formulating a test of the AAE model as it group. We required that at initial screening depressed subjects had
pertains to depression is how to conceptualize posterior asymmée have a BDI score of 20 or above and just prior to electrophys-
tries. | have not taken a stand on this issue and have been favorahigiogical testing, they were required to have a score of 14 or above.
influenced by the work of Heller and colleaguésee Heller &  The mean BDI score of our depressed sample at initial testing was

Comments on Reid et al.
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29.7 and at the time of EEG assessment it was 25.7. Thus, owf emotion. Hagemann et al. reported on a power analysis they
depressed sample had to remain consistently depressed for inclperformed to ascertain whether their sample size of 37 was suffi-
sion in the study. Forty-one percent of the sample who met theient to test their hypothesis adequately and used data from both
criterion for the first BDI assessment failed to meet the criterionTomarken, Davidson, and Henriqués990 and Wheeler et al.

for the second assessment approximately 6 weeks later. It is al94993 to compute an effect size. However, there is a serious error
the case that the subclinically depressed sample in the Schaffém the strategy they adopted to compute their effect size and in the
et al. study had somewhat higher BDI scores than the sample testéabic they followed in designing their study. In the Wheeler et al.
by Reid et al. (1993 study, we assessed EEG on two separate occasions sepa-

In their Study II, Reid et al. compared DSM-III-R diagnosed rated by 3 weeks. The effects we reported on relations between
depressed patients to normal controls. An important differencédaseline prefrontal asymmetry and reactivity to emotion elicitors
between our study of clinical depressi@fenriques & Davidson, emergedonly for those subjects whose frontal EEG asymmetry
1991 and that of Reid et al. is in nature of the control group. Our remained stable across the two assessmé&¥snoted explicitly in
control group was required to have an absence of lifetime psychathis article that “no significant relations were found between mid-
pathology in themselves and their first-degree relatives while ndrontal asymmetryfor Session 1 or Session 2 or across Sessions 1
such requirement was imposed in the Reid et al. study. and 2 and the aggregate rating measures for the total safafle

There are a number of important issues that Reid et al. addregss > .47)..." (p. 89. In fact, the highest correlation between
in their thoughtful discussion that merit some comment here. Firstmidfrontal asymmetry and the aggregate rating measures for the
it deserves emphasis that there were significant group differenceantire sample was = .045. If we combine thig-value with the
in the lateral prefrontal region with depressed subjects showing-value from the Tomarken et dl1990 study that was performed
greater relative right-sided activation during the first 2 min of the on an unselected samplasing Fischer’s-to-Z transformationas
recording session. Second, it is also noteworthy that significanHagemann et al. did, we arrive at an aggregate effect size-of
group differences were found in the anterior temporal region, again22. To detect an effect of this magnitude at a power level of .8
with depressed subjects showing greater relative right-sided actiising a .05, one-tailed test, &hof 140 is required, a sample size
vation (across the entire 8-min baseline recording periodm- more than three and one-half times that used in the study under
pared with controls. consideration.

Reid et al. note in their discussion that in our study of clinically ~ Unlike our prior studies assessing this topic, Hagemann et al.
depressed patientslenriques & Davidson, 1991one of the pa- used pictures from the IAPS seridsang, Ohman, & Vaitl, 1988
tients had an extreme asymmetry value for one of the referenc® elicit positive and negative emotion. We too have used these
montages that was examinéalverage reference datdVe agree  pictures in both psychophysiologida.g., Sutton, Davidson, Don-
that this data point was indeed extreme. We have gone back arzklla, Irwin, & Dottl, 1997 and neuroimaginde.g., Irwin et al.,
re-examined the raw EEG record to ascertain whether it contained996 research. However, in the study under consideration, Hage-
any artifact that might have been missed during the original in-mann et al. had subjects rate each stimulus immediately after it was
spection but were not able to find any. However, in light of the factpresented. It is not clear whether this heavy demand for subjects to
that this data point was indeed extreme, we reanalyzed the datate the stimuli might have interfered with their affective reactions
without this subject, testing the Group Hemisphere interaction to the pictures. The means presented by Hagemann et al. on a 0-9
as we had done in the original article. For the average referencgoint scale of intensity for positive and negative affect were lower
the interaction remains significarf(1,25 = 6.23,p < .02, and  than means we reported in Tomarken et(2890 on a 0—8 point
for the Cz reference, the interaction also remains significantscale. Thus, the true difference is likely to be even larger. Poten-
F(1,25 = 5.44,p < .03, indicating that the depressed subjects stilltially even more important is the fact that the variability in our
showed significantly greater relative right-sided activation evenratings was consistently greater for all measures than the variability
after removal of this one depressed subject who showed the moseported by Hagemann et al. For studies of individual differences,
extreme right-sided data point. it is imperative to maximize variability in responding to uncover

Reid et al. remind readers that some of the depressed patientseaningful relations between the EEG and rating measures.
in Henriques and Davidsaii991) were on medication at the time A noteworthy feature of the Hagemann et al. study is the thor-
of testing. In the original article, we compared specifically be- ough evaluation of different reference placements for the EEG, and
tween depressed patients on versus off antidepressant medicatigarying lengths of EEG recording time included in the different
(see Table 4 in Henriques & Davidson, 19%nd found that no analyses. This evaluation enabled these authors to determine if
difference existed. However, this issue requires more careful studihere was a particularly optimal combination of methods that pro-
in a longitudinal design following patients before and during andduced the strongest replication of the original finding. However, it
ideally after a course of antidepressant medication to separate efrust be emphasized that with a sample size more than double the
fects that might be medication-dependent from those that are asample size used by Hagemann et al., we reported that when the
sociated with changes in clinical status. data from the unselected sample was examined, no significant
relations between EEG baseline measures of frontal asymmetry
and any of the affect rating measures were found. The fact that
Hagemann et al. also found no such relation using their unselected
The principal purpose of the experiment reported by these authorsample is absolutely consistent with our prior data.
was to replicate and extend the findings we reported in Wheeler However, because Hagemann et al. did use five different data-
et al. (1993 showing that subjects who differ in measures of bases for their EEG measuré30 s of eyes open; 30 s of eyes
resting prefrontal activation asymmetry respond differently to pos-closed; 4 min of eyes open; 4 min of eyes closed; 8 min of com-
itive and negative emotional stimuli with subjects displaying greaterbined eyes open and closezhd four different measures of global
relative left-sided activation reporting more positive and less negypositive affect and global negative affect, each with two different
ative affect in response to film clips designed to elicit these classeseference method€£z and computer-averaged mastgjdstotal of

Comments on Hagemann et al.
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40 separate correlations with the positive affect variables and 4@or temporal asymmetrysee Davidson, 1998, for revigwThe
correlations with the negative affect variables were measured. Ouanterior temporal electrode sit€$3 and T4 are in very close
model would predict that the relation between EEG frontal asym-geographic proximity to both the mastoid reference and the Cz
metry and the positive affect variables would be positive, becauseeference. As such, recordings from T3 and T4 with either refer-
greater relative left-sided frontal activation is reflected in higherence represent an essentially bipolar recording, with closely spaced
asymmetry scores. Of the 40 correlations Hagemann et al. preelectrodes. Thus activity that is in phase at the two electrode sites
sented in their Table 6, 38 are positive. If EEG asymmetry werewill not be amplified because of common mode rejection. We
unrelated to the positive affect variables, we would expect half ofbelieve that for these electrode sites in particular, it is important to
these correlations to be positive and half negative. A binomial testise an average reference. With either a Cz or a mastoid or ear
reveals that the likelihood of obtaining 38 of 40 correlations of thereference, recordings from the anterior temporal region will be
same sign by chance is= 5.69,p < .00001. Likewise, we would more bipolarlike than recordings from elsewhere on the scalp.
predict that the correlation between frontal EEG asymmetry andrinally, Reid et al. do report significant differences between de-
negative affect variables would be negative. According to theirpressed and control subjects in the anterior temporal region in the
Table 7, 30 of the 40 correlations were positiee zerg. Again, predicted direction using both a computer-averaged ears reference
this pattern is highly statistically significant by the binomial test, (likely to be better for this purpose than a mastoid reference, which
z=3.16,p < .0005. These analyses indicate that although only as closer to T34) and the average reference. Interestingly, there
few of the individual effects they reported reached statistical sigwas no difference in T& asymmetry between depressed and con-
nificance, the overall pattern of data was highly consistent with outtrol subjects for the Cz-referenced data.

model.

Hagemann et al. note in their discussion that of all the proce-Summary and Conclusions
dural combinations used in their study, EEG aggregated across the
8 min of baseline trials referenced to the computer-averaged mascience is a collective affair that benefits from the diverse and
toids and the use of the affective style index that removes thamultiple inputs from the community of scholars. Replication is one
portion of variance that is due to a global rating bias “can beof the most important components of scientific progress and it is
considered optimal to assess the relation between frontal asymmesdth much appreciation that | view the efforts of the investigators
try and affective style.” We would add further the importance of whose studies are considered herein. Each of these reports is thought-
also statistically removing the contributions of baseline mood adul and raises many important conceptual and methodological ques-
we did in Wheeler et al. and as Hagemann et al. did in their studytions that should sharpen future research endeavors on these
too. As we demonstrated in Wheeler et al., the strongest relationgroblems. In each of these studies, some effects that the investi-
between the asymmetry measure and the affect variables was withators predicted on the basis of our prior work were replicated and
the measure of affective bias. The correlation between the positiveome were not. In the Reid et al. report, they demonstrated that
affect variable and frontal asymmetry was .31 for the Cz referencevith clinically depressed subjects, the first 2 min of baseline re-
and .25 for the averaged-ears reference. For negative affect, theording revealed the predicted difference in EEG measures of
comparable correlations were 13 and—.06. Hagemann et al. did  frontal asymmetry. Moreover, recordings from the anterior tempo-
not report the correlations with the affective bias variable for thisral region showed that depressed subjects had greater relative right-
procedural combination of EEG and rating measure, but thessided activation than nondepressed subjects for measures aggregated
values will necessarily be higher than the highest correlations foover the entire recording period. Hagemann et al. found that cor-
positive affect because the negative affect correlations are in theelations between baseline frontal asymmetry measures from an
opposite direction. Thus, using the procedural combination thatinselected sample and measures of affective reactivity to emo-
most closely resembles that used in Wheeler et al., despite havirtipnal pictures were mostly in the direction predicted by our prior
assessed EEG on only one occasion and not examining only thosesearch, though few of the effects reached independent statistical
subjects who demonstrated reliable frontal asymmetry across asignificance. As | showed above, however, the overall pattern of
sessment, Hagemann et al. reported effects that we interpret associations they reported was highly statistically significantly dif-
highly consistent with our original report. Finally, it should also be ferent from chance in the direction predicted by our prior work. In
noted that in the Wheeler et al. study we showcased a method fdhis commentary, | focused on methodological and conceptual lim-
examining relations between power at individual left and rightitations of this work and differences, in some cases significant
hemisphere electrode sites and measures of affective reactivitylifferences, between methods used in the studies under consider-
The measure we developed was a residualized power measure ttaton and those adopted by myself and my colleagues in the pub-
removed the contributions of extraneous nonspecific influencedished research that these studies were designed to replicate. In the
that presumably reflect anatomical variables such as skull thickHagemann et al. case, | do not view their data as a failure to
nesgsee Pivik et al., 1993; Davidson, Jackson, & Larson, in pressreplicate. Based upon the fact that they used an unselected sample
for detailed descriptions of the methodJsing this measure, we whereas we found relations between frontal asymmetry and affec-
reported correlations for the stable asymmetry subjects that reachdite reactivity only for individuals who demonstrated stable frontal
.62. Unfortunately, this method was not used in the Hagemanmsymmetry across a 3-week time interval and not for the sample as
et al. report. a whole, their findings are actually consistent with ours. The Reid

One final issue raised by Hagemann et al. deserves commeret al. study used methods that differed in other ways from the ones
They reported that relations between measures of anterior temporale used in our depression research, though we would not have
asymmetry and the affect rating indices were opposite to predicexpected such small differences to have such effects. Reid et al.
tion, showing that individuals with greater relative right-sided an-have performed a valuable service by calling attention to the sev-
terior temporal activation reporting more positive affect. This finding eral methodological issues that require attention in future research.
represents an important methodological challenge. We have not One of the strategies that we have used in our research is to
consistently observed relations between affect measures and anfgarse individuals on the basis of differences in prefrontal activation
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asymmetry, and on other biological parameters theoretically reternal consistency reliability for metrics of EEG asymmétrgmar-
lated to affective stylde.g., activation of the amygdaland then  ken et al., 1992band demonstrated that such indices were indeed
examine how the individuals might differ behaviorally and bio- reliable when several minutes of data were taken into account.
logically. This strategy has proven to be extremely effective inBoth Hagemann et al. and Reid et al. have strongly replicated our
uncovering relations between frontal asymmetry and immune funcprior finding. However, in the same article we demonstrated that
tion (e.g., Kang et al., 1991 basal cortisol levelgKalin et al.,  the test-retest reliability of frontal EEG asymmetry measures was
1998, child temperamentDavidson, 1994 and self-report mea- only moderate and in many articles since the reliability article
sures of affect and personaliffomarken & Davidson, 1994; Tomar- appeared, we have repeatedly illustrated the importance of collect-
ken et al., 1992a Diagnostic categories from the descriptive ing baseline data on more than one occasion so that metrics of
nosology of psychiatry and personality dimensions from personasymmetry can be computed that are more accurate estimates of a
ality theory were derived, for the most part, without reference tosubject’s true score. Although our earlier work did not use multiple
the nervous system and do not therefore necessarily honor theessions, most of the individual difference studies were based on the
distinctions among major circuits in the brain. Moreover, as | haveuse of specially selected extreme gro(pg., based on depression
suggested above, in the case of psychiatric diagnostic categories; temperament measujea significant limitation of the studies un-
considerable comorbidity and diagnostic heterogeneity is the ruleler consideration is that fact that they used only a single session to
rather than the exception. For these reasons, it is imperative thabmpute estimates of anterior EEG asymmetry. It is imperative that
we move beyond the traditional nosology we have inherited andn future research using these methods at least two segaiwhile-
instead obtain objective measures of affective reactivity and affecally more than twp of baseline EEG data collection be included.
tive chronometry(see Davidson, 1998In this way, we can begin Finally, as | noted in the first section of this commentary, the
to parse specific parameters of individual differences in basic feaeircuitry underlying appetitive and aversive emotion and motiva-
tures of affective style such as latency to the peak of the responsépn in the human brain is complex and involves many intercon-
latency to recover, and so forth. These parameters of affectiveected structures. The prefrontal cortex is clearly a significant
responding can be linked theoretically to specific components oEomponent of the circuitry but it is important that we not view it
the circuitry for emotion and its regulation, making the search foras the “location” of these complex processes. Rather, it appears
underlying neural substrates a much more tractable problem. Givetiat these affective systems are implemented in circuits, only part
the extraordinary heterogeneity of depression it is actually remarkef which are cortical. If we are serious about pursuing our under-
able that any consistency has been observed in measures of baséanding of the underlying neural substrates of these individual
line regional brain activation. It is imperative that we move beyonddifferences, it is essential that we complement our EEG methods
the phenomenological domain and begin to parse the componentgth other tomographic neuroimaging methods that allow for the
of affective reactivity using modern objective measures. In theexamination of activity in subcortical structures with which the
study of cognitive deficits in psychopathology, it would now be prefrontal cortex is interconnected. As | suggested earlier in this
unthinkable to relate patterns of baseline brain function to self-commentary, some of the heterogeneity in affective style and psy-
report or clinician ratings of thought disorder. Rather, psychopa-chopathology may relate to where in the circuitry individual dif-
thologists have excelled in their use of laboratory tasks designed tferences may reside. For example, | have suggested that individual
systematically decompose cognitive processes into more elemenlifferences in prefrontal function may be particularly associated
tary mental operations that can then yield to a search for underlywith variations in the time course of emotional responding or
ing neural substrates. affective chronometry, whereas individual differences in amygdala

In the study of psychophysiological concomitants of individual function may account for differences in the behavioral /amd
differences and psychopathology, we often unwittingly assume thaautonomic signs of negative affe(dee Davidson, 1998 for more
because we are using biological measures, they are necessardgtailed discussionSelf-report and interview-based measures are
reliable. Both articles under consideration here have devoted morenlikely to be sufficiently sensitive to reflect these differences in
attention than is typical in psychophysiological studies to the issusubcomponents of emotional reactivity, requiring that we examine
of reliability of measures. Reliability is particularly crucial for relations between our measures of brain function and objective,
studies of individual differences assumed to have trait status bdaboratory-based measures of affective reactivity. The use of these
cause traits are assumed to reflect homogenous characteristics thmbcedures together in the same subjects is likely to yield data that
are stable over time. We first reported on the computation of intruly advance our understanding of affective neuroscience.
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