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The authors recently de sloped a paradigm to investigate the
evaluative categorization stage of attitudes using event-related
brain potentials (ERPs). The present series of studies extended
this approach by analyzing the spatial topography of the ERP
over the lateral scalp region to address complementary questions
regarding the nature of operations underlying the evaluative
categorization stage of attitude processing. Consistent with the
hypothesis that evaluative categorizations engage mechanisms
associated with hedonic or global language processing, results
revealed that the standardized amplitudes of the late positive
potential of the ERP during evaluative categorizations were
larger over the right than the left scalp region, whereas nonevalu-
ative calegorizations were associated with a symmetrically dis-
tributed ERP across the left and right scalp regions.

In most empirical studies specific attitudes are defined at
least implicitly as responses . . . asking the person to assign
an object of thought along a dimension of judgment. . ..
Advances in measurement may vield a “right brain” equiva-
lent of this typical left-brain verbal operationalization
(McGuire, 1985, p.239).

Attitude processes are characterized by an evaluative
categorization of a stimulus and a bivalent action dispo-
sition toward or away from the stimulus (Zanna & Rem-
pel, 1988). Despite these distinguishing features, our
understanding of attitudes and attitude processes comes
primarily from measures of bivalent action dispositions
(e.g., self-reports, behaviors, skin conductance responses,
electromyographic activity). Isolating and investigating

the evaluative categorization stage may reveal underly-
ing processes that are obfuscated by attitude measures
dependent, at least in part, on response selection and
execution. To avoid measures of evaluative categoriza-
tions that are dependent on response processes, we have
recently developed a modified oddball paradigm in
which eventrelated brain potentials (ERPs) are used to
study attitude categorization that can be jsolated from
verbal or somatic response requirements (Cacioppo,
Crites, Gardner, & Berntson, 1994; Crites, Cacioppo, Gard-
ner, & Berntson, 1995). This brain-based approach to
the study of attitudes may provide important informa-
tion about the neural substrates and the operations
underlying evaluative processes (e.g., see review by Ca-
cioppo & Berntson, 1994). This approach has proved
informative in the area of memory, for instance, wherein
the debate has raged over whether implicit and explicit
memory represent different systems or merely different
processes emanating from a single system (e.g., Schacter,
Chin, & Ochsner, 1993).
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ERPs reflect the temporal sequence of information-
processing operations associated with a discrete event
(e.g., the presentation of an attitude object). The posi-
tive and negative electrical potentials of the ERP, which
can be recorded from electrodes placed on the scalp, are
produced by a sequence of temporally activated neural
generators that are involved in processing information
about a stimulus. The ERP can be divided into compo-
nents thatare typically identified by discrete topographi-
cal and temporal features (e.g., a peak in the ERP
waveform that has a particular spatial distribution across
the scalp and occurs within a specific temporal window
of the ERP). Components that occur relatively early in
the ERP reflect information-processing operations asso-
ciated with the afferent processing of the eliciting stimu-
lus (exogenous components), whereas later components
in the ERP reflect selected information-processing op-
erations that are being performed on the stimulus (en-
dogenous components). One of these latter
components, the P300 or P3b is of interest in the present
research because the amplitude of this component re-
flects categorization processes (Coles, Gratton, & Fabi-
ani, 1990; Donchin & Coles, 1988), Furthermore, the
P300 does not appear to be affected by factors that affect
only response selection or execution stages. In typical
research on the P300, simple stimuli representing two
distinct categories are presented to participants in long
sequences in which stimuli from one category have a low
probability of occurrence and stimuli from the other
category have a high probability of occurrence (i.e., an
oddball paradigm). If individuals atrend to and catego-
rize each stimulus in the sequence, a larger-amplitude
P300 along the midline centroparietal region of the
scalp is evoked by categorically inconsistent stimuli, such
as a high tone preceded by a sequence of low tones, than
by categorically consistent stimuli, such as a high tone
preceded by a sequence of high tones (e.g., see Coles
et al., 1990; Donchin, Karis, Bashore, Coles, & Gratton,
1986, for reviews).

Drawing from the literature on the P300 in cognitive
psychophysiologv. we developed a paradigm for examin-
ing evaluative categorizations (Cacioppo, Crites, Bernt-
son, & Coles, 1993). A modified oddball paradigm was
employed in which (a) participants were exposed to
numerous short sequences of liked and disliked stimuli
and (b) participants performed a task that required
them to differentiate the liked from the disliked stimulus
classes.! Results have reliably shown that evaluatively
inconsistent stimuli (e.g., a negative stimulus embedded
in a sequence of positive stimuli) evoke a larger-ampli-
tude late positive potential (LPP) of the ERP than evalu-
atively consistent stimuli (e.g., a negative stimulus
embedded in a sequence of negative stimuli). Further-
more, this LPP enhancement to an evaluatively inconsis-
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tent stimulus is obtained whether the stimulus is positive
or negative (Cacioppo etal., 1993). Subsequent research
suggests that the amplitude of the LPP evoked in this
paradigm (a) increases as the discrepancy increases be-
tween a person'’s attitude toward the stimulus and his or
her attitudes toward contextual stimuli (Cacioppo et al.,
1994) and (b) is not affected by instructions to intention-
ally misreport attitudes toward the stimuli (Crites et al.,
1995). Together, these studies have revealed that the LPP
evoked by evaluative categorizations is characterized by
some of the signature attributes of the P300 observed in
studies using the oddball paradigm to investigate
nonevaluative categorizations: (a) The amplitude of the
LPP is largest over the midline centroparietal area of the
scalp; (b) a larger-amplitude LPP is evoked by categori-
cally (i.e., evaluatively) inconsistent stimuli than by cate-
gorically consistent stimuli; and (c) the average latency
of the LPP falls within the latency window of the P300.

In our prior research, we have focused exclusively on
analyses of the ERP amplitudes along midline sites and
how conditions that evoke different cognitive operations
affect these amplitudes. To examine the nature of the
information-processing operations and the correspond-
ing field (i.e., neural) sources that underlie human cog-
nition and judgment, it has also proved useful to focus
on the spatial topography (e.g., the lateral asymmetry of
brain activity) of ERP components such as the P300
(Johnson, 1993; Ruchkin, Canoune,_]ohnson, & Ritter,
1995). Because the effects of conditions (e.g., evaluative
inconsistency) influence raw LPP amplitudes, and these
differences in amplitudes can produce spurious differ-
ences in topographies, the LPP amplitudes must be
standardized when determining scalp topographies.
This standardization, of course, removes the mean dif-
ferences that were the focus of our earlier ERP studies
of evaluative processes. However, the investigation of
standardized ERP amplitudes and spatial topographies
allows exploration of questions about the nature of the
operations underlying the evaluative categorization
stage of attitude processing that complement those that
can be addressed in analyses of nonstandardized ERP
amplitudes.

Evaluative (or attitude) categorizations and nonevalu-
ative categorizations, though sharing some information-
processing stages, differ in that evaluative categorizations
necessarily evoke hedonic or valuation processes. Re-
search in the field of neuropsychology has demonstrated
a general right hemisphere dominance for the per-
ception and production of affective information (e.g.,
Kolb & Taylor, 1981; Tompkins & Mateer, 1985). To the
extent that the operations underlying evaluative catego-
rizations of attitude stimuli involve some of the same
neural structures involved in the processing of affec-
tive stimuli, the ERP observed during attitudinal catego-
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STUDIES 1 AND 2
The existing research on the P300 during nomalua-
nve catcgorizations has reveenllec? the P300 amplxtude. to
be cither symmetrically dls.mbuted (e.g., Sanquist,
Rohrbaugh, Syndulko, & Lu.ldsley,. 1980; Scheft;ers,
Johnson, & Ruchkin, 1991) or mconsxsltendy lateralized
on the right or the left (e.g., Snvder, Hillyard, & Galam-
- bos. 1980) or small (Alexander et al., 1995). Therefore,
our firsi goal was to determine whether the spatial topog-
raphv of the LPP observed during evaluative categoriza-
tions was lateralized. To do this, we analyzed the lateral
sites from two recent studies in which we previously
indexed the evaluative categorization stage through
analyses of (nonstandardized) midline LPPs (Cacioppo
ctal., 1994; Crites et al., 1995).2 Specifically, the analyses
reported in Cacioppo et al. (1994) and Crites et al.
(1995) focused exclusively on data from midline record-
ing sites (Fz, Cz, and Pz) because the hypotheses being
tested concerned the effects of evaluatively inconsistent
categorizations on the amplitude of the LPP over
midline centroparietal regions. However, EEG activity
over lateral sites was also recorded to provide a database
that would allow us to determine the replicability of any
asymmetries in the LPP amplitude observed during
cvaluative categorizations. We focus here on the stand-
ardized LPP amplitudes recorded from these lateral sites.
Topographic analyses are used to determine whether
the LPP amplitudes observed in different experimental
conditions reflect the activity of more than one combi-
nation of neyral generators (Johnson, 1993; Ruchkin
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etal,, 1995; Ruchkin, Johnson, Canoune, & Ritter, 1990).
As outlined by Ruchkin, Johnson, and colleagues, the
underlying assumption is that ERP activity recorded on
the scalp is attributable to a combination of neural
sources located in various brain regions and/or with
different orientations:

If, in different experimental conditions or different ep-
ochs, the combination of brain sources is the same, then
the corresponding shapes of scalp topographies will be
the same. Conversely, if the shapes of the scalp topogra-
phies are different in different experimental conditions
or different epochs, then the combination of brain
sources must also be different (i.e., the balance of activity
among the various sources in the combination must
differ for the different conditions or epochs). (Ruchkin
etal,, 1995, p. 403)

Thus, if the combination of neural sources underlying
the LPP during evaluative categorizations tends to be
located in or oriented toward the right hemisphere, then
2 main effect for lateral (left vs. right) scalp regions
should be observed. If the combination of neural
sources underlying the LPP during evaluative categori-
zations is different in different experimental conditions,
then the shapes of the scalp topographies should also
differ across conditions, and there should be a signifi-
cant interaction in the LPP amplitudes between scalp
regions and experimental condition (s).

Method

FParticipants. Thirty introductory psychology students
(17 male, 13 female) at Ohio State University partici-
pated in Study 1. Twenty-two different introductory psy-
chology students (9 male, 13 female) served as
participants in Study 2. Eleven of the 22 participants in
Study 2 were randomly assigned to a negative-focus con-
dition in which they periodically misreported the va-
lence of negative attitudes, and 11 participants were
randomly assigned to a neutral-focus condition in which
they periodically misreported the valence of neutral
attitudes. All participants were right-handed, were in
good health, and volunteered to participate as a means
of fulfilling a course requirement. The data from 3
participants in Study 1 and from 1 participant in Study 2
were discarded before analysis because of technical
problems during data acquisition.

Stimulus materials. In Study 1, four categories of attitu-
dinal stimuli were selected from Anderson's (1968) list:
(2) The pool of very positive traits consisted of the 62
most positively rated personality traits (e.g., honest, sin-
cere); (b) the pool of moderately positive traits was the
12 traitswhose mean rating was closest to 4.00 on the 0-6
scale (e.g., calm, orderly); (c) the pool of moderately
negative traits was the 12 traits whose mean rating was
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closest to 2.00 (e.g., clumsy, worrier); and (d) the pool
of very negative traits was the 12 most negatively rated
traits (e.g., phony, dishonest).

In Study 2, three categories of attitudinal stimulj were
selected from Anderson's (1968) list: (a) The pool of
positive traits was the 52 most positively rated trait adjec-
tives; (b) the pool of neutral traits was the 10 adjectives
whose mean rating was closest to 3.00 (e.g., prideful,
hesitant); and (c) the pool of negative traits was the 10
most negatively rated trait adjectives. Because the evalu-
ative context of each sequence in Studies 1 and 2 was
positive, agreater number of positive traitadjectives were
generated to compensate for the number of times each
trait adjective was presented.

Procedure. In Study 1, participants were shown a num-
ber of personality traits, and their task was to press a key
1 s after presentation of each trait to indicate whether
the trait was positive or negative (Cacioppo etal., 1994).
The traits were presented in sequences of six, and par-
ticipants were instructed to indicate whether each trait
was posilive or negative by pressing the corresponding
key on a keypad when the trait was removed fi »m the
monitor. Participants initiated each sequence when the
word READY was displaved on the monitor by pressing a
key on a keypad. One sec after the partcipant pressed a
key, the first of the six personality traits appeared at the
center of the monitor. Each trait was presented for 1,000
ms, and the interstimulus interval (ISI) was 1,900 ms. A
1,900-ms pause followed the offset of the sixth trait, then
the term READY appeared on the monitor, and partici-
pants initiated the next sequence at their discretion.

In Study 1, EEG and VEOG (vertical electroculo-
graphy) activity were recorded for 2,198 ms (from 128
ms preceding the onset of a single target stimulus within
each sequence to 1,000 ms following the offset of the target
stimulus). As outlined in Cacioppo et al. (1994), four
types of target stimuli (conditions) were established: (a)
a very positive trait that was preceded by very positive
traits (i.e., evaluatively consistent trait, (b) a moderately
positive trait that was preceded by Very positive traits (i.e.,
mildly evaluatively inconsistent trait), (c) a moderately
negative trait that was preceded by very positive traits
(i.e., moderately evalua[i\}'ely inconsistent trait), and
(d) a very negative trait that was preceded by very posi-
tive traits (i.e., very evaluatively inconsistent trait). The
evaluatively positive context of each sequence was estab-
lished by presenting two, three, four, or five positive traits
before the target stimulus. Each of the resulting 16
sequence types was presented 20 times during the study,
and the order of these 320 six-trait sequences was ran-
domly determined for each participant. The traits that
appeared at the six stimulus positions within each of the
320 sequences were randomly selected from the appro-
priate valence category. The traits from each of the
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four valence categories were selected without replace-
ment until all the traits within a valence Category had
been selected.

The procedure was similar in Study 2. Participants
reported or misreported their attitudes toward individu-
als described by the experimental stimuli (trait adjec-
tives). Whether participants were told to report or
misreport their attitudes was manipulated within partici-
pants, whereas whether participants were instructed to
misreport the attitudes toward individuals characterized
by neutral or negative traits was manipulated between
participants. Participants again initiated each sequence
by pressing a key on a keypad, and 1 s after the participant
pressed a key, the first of the six trait adjectives appeared
on the screen. Each trait was presented for 1,000 ms, and
the ISI was 1,900 ms. Participants were instructed to
respond during the ISI by pressing a key to indicate
whether they would have a positive or a negative attitude
toward a person characterized by that trait. As described
by Crites et al. (1995, Experiment 1), three types of target
stimuli (conditions) were established: (a) a positive trait
that was preceded by all positive traits (i.e., evaluatively
consistent stimutus): (b) a neutral trait that was pre-
ceded by all positive traits (i.e., moderately evaluatively
inconsistent stimulus); and (c) a negative trait that was
preceded by all positive traits (i.e., highly evaluatively
inconsistent stimulus). The evaluatively positive context
of each sequence was established by presenting two,
three, four, or five positive traits before the target stimu-
lus. Each of these 12 Sequence types was presented 20
times during the study, and the order of these 240
six-trait sequences was randomly determined for each
participant. The traits that appeared at the six stimulus
positions within each of the 240 sequences were ran-
domly selected from the appropriate valence category.
The traits from each of the three valence categories were
selected without replacement until all the traits within a
valence category had been selected.

Data reduction. The apparatus and data reduction pro-
cedure for Studies 1 and 2 are described in Cacioppo
et al. (1994) and Crites et al. (1995), respectively. To
examine the scalp topography of the LPP, however, dif-
ferences in the absolute amplitude of the LPP across
experimental conditions were eliminated by stand-
ardizing the amplitude values following the principles
prescribed by McCarthy and Wood (1985). The mean
and standard deviation of the LPP amplitude were cal-
culated across the lateral scalp sites within each experi-
mental condition for each participant. Next, a
standardized LPP amplitude within each experimental
condition and participant was calculated for each scalp
site by subtracting the mean amplitude of the LPP across
sites from the LPP amplitude at each of the six scalp sites
and dividing by the standard deviation across sites.
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Parietal Central Frontal
Target* Left Right Left Right Left Right
Verv negative 8.85 9.92 7.14 8.82 2.43 4.33
Mildlv negative 6.99 8.07 5.98 8.03 231 4.15
Mildly positive 4.14 4.72 3.85 4.66 1.71 3.00
Very positive 3.40 4.27 3.06 3.77 1.39 2.61
a. Target stimuli were embedded in a positive stimulus context.
TABLE 2: Mean Amplitude of the Late Positive Potential (in Microvolts), Study 2

Parietal Central Frontal
Target Left Right Left Right Left Right
Negative 9.33 10.44 8.21 9.84 3.26 4.41
Neutral 6.54 7.32 6.26 8.02 2.69 4.95
Positive 541 6.16 4.63 5.51 1.14 1.92

a. Target stimuli were embedded in a positive stimulus context.

Results

Study 1. The standardized LPP amplitudes were sub-
mitted to a 3 (Coronal: frontal, central, or parietal sites)
x 2 (Lateral: left vs. right scalp sites) x 2 (Stimulus
Valence: positive vs. negative) x 2 (Stimulus Extremity:
extreme vs. moderate) multivariate analysis of variance
(MANOVA).* A main effect for lateral site confirmed
that the amplitude of the LPP over the rightscalp regions
was significantly larger than the amplitude over the left,
F(1, 26) = 14.83, p < .001 (see Table 1). In addition, a
significant Lateral x Stimulus Valence interaction indi-
cated that this lateral asymmetry was greater during the
categorization of negative (evaluatively inconsistent)
(Meighc - 1e = 1.60 uV) than positive (evaluatively consis-
tent) stimuli (Miighi-1en = .91 nV), F(1, 26) = 7.16, p<.05.

Analyses also revealed a significant coronal main ef-
fect, F(2, 25) = 22.53, #<.001, and a Coronal x Stimulus
interaction, F(2, 25) = 5.34, # < .05. The LPP amplitude
decreased across the scalp from the parietal to the fron-
tal sites, and the rate of decrease was greater for the LPP
evoked by negative (i.e., evaluatively inconsistent) traits
than by positive (i.e., evaluatively consistent) traits.

Study 2. The standardized LPP amplitudes were sub-
mitted to a 3 (Coronal: frontal, central, or parietal sites)
X 2 (Lateral: left vs. right scalp sites) x 3 (Stimulus
Valence; positive, neutral, ornegative) x 2 (Attitude-Report
Instruction: accurately report valence of negative/neutral
traits vs. report negative/neutral traits as positive) x 2
(Focus: report negative traits as positive vs. report neu-
tral traits as positive) mixed-model MANOVA, with the
last factor manipulated between participants. Asin Study
1, the main effect for lateral site was significant, with the

LPP amplitude over the right scalp regions larger than
that over the left, F(1,19) = 18.77, P <.01 (see Table 2).
The coronal . 1ain effect was significant, F(2, 1t ) =73.69,
$<.001, replicating the decreasing amplitude of the LPP
across the scalp from parietal to frontal regions observed
in Study 1. That is, evaluative categorization led to an
enhancement of the amplitude of the LPP over the
centroparietal scalp regions and over the right scalp
regions regardless of the valence of the probe.

Discussion

Spatial topographies of the PP were examined using
standardized amplitude measures over the lateral scalp
sites. This standardization procedure eliminates the typi-
cal main effects for rare versus frequent (e.g., evalua-
tively inconsistent vs, consistent) stimuli. When LPP
amplitudes are equated across conditions, changes in
scalp topographies of the LPP reflect changes in the
location or combination of neural (i.e., electrical field)
sources rather than simply the intensity of the activity
from a given source or set of sources (Johnson, 1993;
Ruchkin et al., 1995). Studies 1 and 2 provide the first
demonstration that the distribution of LPP amplitudes
observed during the evaluative categorization stage of
attitude judgments is larger over the right than left scalp
regions. On the basis of prior research on the relative
involvement of the right hemisphere in affective and
global language processing, we hypothesized that the
LPP observed during evaluative categorizations would
belateralized. That is, we reasoned that to the extent that
the operations underlying evaluative categorizations of
atttude stimuli involve some of the same neural struc-
tures involved in affective or global language processing,
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the topographic distribution of the I PP observed during
evaluative processing should differ in amplitude over the
right versus left scalp sites. Our results supported this
hypothesis. Furthermore, consistent with the suggestion
that the LPP is more sensitive to evaluative categoriza-
tions than response processes (Cacioppo et al., 1993,
1994; Crites et al,, 1995), the lateralized distribution of
the LPP was unaffected in Study 2 when participants
falsely reported their attitudes. Finally, results from Stud-
ies 1 and 2 revealed a distribution of LPP amplitudes that
was larger over centroparietal than frontal scalp regions,
a result consistent with recent neuropsychological re-
search indicating that the P300 is more influenced by
neural structures underlying centroparietal than frontal
regions (Guillem, N’Kaoua, Rougier, & Claverie, 1995),

The results of Study 1 also revealed an interaction
showing that the lateral asymmetry was greater during
the categorization of evaluatively inconsistent than
evaluatively consistent stimuli. This result may reflect the
involvement of a different combination of neural
sources but it should be considered preliminary in light
of the failure of this interaction to reach statistical sig-
nificance in Study 2. In addition, participants in Studies
1 and 2 were exposed to trait adjectives within a context
of positive trait adjectives. In light of research by David-
son and colleagues relating relative right frontal alpha
activity to positive or approach states (e.g., Davidson,
1992), itis possible that the lateralized distribution of the
LPP observed in the present study is dependent on the
positive context. Study 3 addresses whether the lateral-
ized spatial topography of the LPP during evaluative
categorizations is dependent on the specific valence of
the context (i.e., when target stimuli were presented within
asequence of négative rather than positive trait adjectives).

STUDY3

Crites et al. (1995, Experiment 2) reported analyses
of (nonstandardized) LPP measures recorded over
midline sites to investigate the effects of evaluative cate-
gorizations and attitude reports when the contextual
stimuli are negative. In the present study, we stand-
ardized and analyzed the lateral sites from Crites et al.
(1995, Experiment 2) to investigate the spatial topogra-
phy of the LPP in a negative context. The procedures
and analyses in Study 3 were similar to those used in
Study 2 except that the larget traits were presented
within negative rather than positive sequences of traits.

Method

Participants. Thirty introductory psychology students
(15 female and 15 male) at Ohio State University partici-
pated in the experiment. Of these, 15 were randomly
assigned to the positive-focus condition, in which they
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periodically misreported the valence of positive atti-
tudes, and 15 were randomly assigned to the neutral-fo-
cus condition, in which they periodically misreported
the valence of neutral attitudes.

Stimulus materials. The pool of negative traits was the
52 most negatively rated adjectives from Anderson's
(1968) list of trait adjectives, and the pool of positive
traits was the 10 most positively rated adjectives. In addj-
tion, each participant selected a set of 10 traits that he
or she personally rated as neutral from a list of 55 traits
whose mean likability ratings ranged from 3.34 (j.e.,
cautious) to 2.57 (i.e., eccentric) on Anderson’s (1968)
0-6 point scale. This was done to ensure that stimuli in
the “neutral” Category were perceived as neutral by the
participants (Crites et al., 1995).

Results

The standardized LPP amplitudes were submitted to
a3 (Coronal: frontal, central, or parietal sites) x 2 (Lateral:
left vs. right scalp sites) x 3 (Stimulus Valence: negative,
neutral, or positive) x 2 (Attitude-Report Instruction:
accurately report valence of positive/neutral traits vs.
report positive/neutral traits as negativ ') x 2 (Focus:
Teport positive traits as negative vs. report neutral traits
as negative) MANOVA, with the last factor manipulated
between participants. As in Studies 1 and 2, the main
effect for lateral site was significant, with the LPP ampli-
tude over the right scalp regions larger than that over
the left, F(1, 28) = 37.74, p<.001 (see Table 3). Asignifi-
cant Lateral x Valence interaction was also observed,
F(2, 27) = 4.04, p < .05. Pairwise comparisons using
Tukey's procedure revealed that although the amplitude
of the LPP was larger over the right than the left scalp
regions for negative, neutral, and positive stimuli, this
asymmetry tended to be larger for the evaluatively incon-
sistent (i.e., positive and neutral) stimuli than the evalu-
atively consistent (i.e., negative) stimuli (see Table 3). This
is the same form of the significant Lateral x Valence
interaction as observed in Study 1.

As in Studies 1 and 2, the coronal main effect was
significant, F(2, 27) = 32.70, £<.001, with the amplitude
of the LPP again smaller over fronta] than centroparietal
scalp regions. A significant Corona] x Lateral interaction
indicated that the degree of latera] asymmetry was espe-
cially apparent over central scalp regions, F(2, 27) =
25.84, p < .001. Consistent with the results presented in
Study 2, the manipulation of attitude reportdid notalter
the spatial topography of the LPP.

Discussion

The pattern of results from Study 3 is similar to that
foundin Studies 1 and 2 evep though the attitude stimuli
were presented within sequences of negative rather than
positive stimuli. These results, therefore, extend the
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TABLE 3: Mean Amplitude of the Late Positive Potential (in Microvolts), Study 3

Pane:z! Central Frontal
Target® Left Right Left Right Left Right
Positive 8.36 9.44 6.46 10.68 3.57 4.79
Neutral 9.88 10.60 7.80 12.00 4.42 5.64
Negative 5.99 6.99 4,60 7.69 2,59 2.85

a. Target simuli were embedded in a negauve stimulus context,

generalizability of the LPP asymmertry effect. The pres-
ent results also exclude the possibility that the asymme-
try is attributable to differential hemispheric alpha
abundance during pleasant (approach) and unpleasant
(withdrawal) states, because we again observed a right-
lateralized LPP distribution even though the back-
ground stimuli were negative rather than positive.

The results of Study 3 also replicated the interaction
in Study 1 showing that the lateral asymnmetry was greater
during the categorization of evaluatively inconsistent
than evaluatively consistent stimuli. It is possible that this
interaction failed to reach statistical significance in Study
2 because of the smaller sample size used in that study.
Indeed, in Studies 1-3, the effect sizes for the laterality
main effect were large (©* = .19, .24, and .38, respec-
uvely) and for the Lateralitv x Valence interaction were
generally small to medium (w*=.14, .03, and .02, respec-
tively). These results suggest the possible involvement of
a different combination of electrical field sources and of
a slightly different set of psvchological operations
(Johnson, 1993; Ruchkin et al., 1995) when participants
are evaluatively categorizing a stimulus that is inconsis-
tent rather than consistent with the evaluative meaning
of the stimuli that preceded it in the sequence. We will
return to this point.

Beginning with Thurstone’s (1928) demonstration of
the utility of methods from psychophysics in the study of
attitudes, the evaluative processes underlying attitudes
have often been depicted as being analogous to the
cognitive processes underlying nonevaluative (e.g., per-
ceptual, semantic) judgments. Tourangeau and Rasinski
(1988), for instance, depicted attitude as networks of
interrelated evaluative beliefs that are comparable in
structure and function to other (i.e., nonevaluative)
belief networks. The ability to distinguish between hos-
tile and hospitable stimuli, however, is essential for sur-
vival and predates the evolution of primates and
language processes. Studies 1-3 have required that the
participants evaluatively categorize semantic stimuli. If
the right-lateralized LPP reflects the involvement of he-
donic rather than language operations, then the asym-
metries observed in Studies 1-3 should be replicated if
participants evaluatively categorize affect-laden pictures
(e.g., a tumor growing in the eve of an infant) rather

than trait words. We examined this hypothesis in the
modified oddball paradigm in Study 4.

STUDY 4

Gardner, Cacioppo, Crites, and Berntson (1994) re-
cently conducted a study to determine whether the LPP
was sensitive to differences between groups in evaluative
categorizations. Participants were exposed to photo-
graphic slides rather than semantic stimuli, and their
task was to indicate whether they liked or disliked the
slide by pressing a key. As in Studies 1-3, EEG activity
from six lateral scalp regions was recorded to allow
topographical analyses. We report the results of the
topographical analyses of these lateral sites here.

Attitudinal processing of pictorial stimuli involves he-
donic or valuation processes, Jjust as does attitudinal
processing of semantic stimuli (e.g., trait adjectives). If
the lateral scalp distribution of the LPP in the modified
oddball paradigm is attributable to these valuation pro-
cesses, then the LPP should be right lateralized when
participants evaluate pictorial stimulj, just as it is when
they evaluate semantic stimuli. A right-lateralized LPP
should not be observed, however, if this spatial distribu-
tion is attributable to the distal associative processing of
semantic stimuli,

Method

Participants. Twenty-two introductory psychology stu-
dents participated for partial course credit. The data
from three participants were discarded prior to analysis
because of technical problems during data acquisition.

Stimulus materials. Photographic slides from the Inter-
national Affective Picture Show (Lang, C)hman, & Vaitl,
1988) were used as stimuli. Four categories of target photo-
graphs were selected: (a) The pool of positive slides
consisted of the 62 most positively ranked slides (with
the exclusion of nude photographs); images such as
puppies, landscapes, and popular foods and activities
were depicted in this category (M = 6.71 on Lang and
associates, 1988, 1-9-point scale). (b) The pool of mod-
erately negative slides, characterized by images of pollu-
tion and angry faces, consisted of 12 slides with amean
rating close to 4.00 (M= 3.84). (c) The pool of extremely
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TABLE 4: Mean Amplitude of the Late Positive Potential (in Microvolts), Study 4

Parneta! Central Frontal
Target* Lett Right Left Right Left Right
Exwemely negative 10.51 12.18 5.96 8.45 3.94 6.10
Phobic relevant 3.13 210 6.24 8.40 3.06 5.84
Moderately negative 4.78 5.94 4.08 4.97 2.19 3.93
Positive 4.12 4.19 4.03 3.85 2.24 4.01

a. Target stimuli were embedded in a positive stimulus context,

negative slides consisted of the 11 least positively ranked
slides (M = 1.84), which were photographs of mutilated
bodies, cancer patients, and starving children. (d) the
phobia-relevant slides consisted of 11 photographs of
snakes and spiders; the ratings of these slides matched
those of the moderately negative slides (M = 3.84) in the
Lang et al. (1988) sample of participants.

Procedure. The apparatus and procedure used to re-
cord EEG and EOG (electroculography) were identical
to those used in previous studies, with the exception that
participants responde 1 to photographic slides rather
than personality traits. A carousel projector, fitted with a
high-speed electric shutter, projected the images onto a
4-ft. by 4-ft. white screen placed approximately 0.75 m in
front of the participant. The projector and shutter were
controlled by a lab computer.

Procedures for electrode placement and attachment
were identical to those in Studies 1-3, and the task and
instructions were the same as in Study 1. Each series of
six slides was preceded by the word READY (also pre-
sented on a slide), and participants initiated each se-
quence by pressing a key on a keypad. The presentation
time, ISI, and EEG/EQG recording intervals were iden-
tical to those in Study 1, and as in Study 1, the target
stimuli were located in the third. fourth, fifth, or sixth
position in the sequence. This resulted in 16 types of
sequences. Twelve slide carousels, holding 16 sequences
each, were presented in an order determined randomly
for each participant. Thus participants responded to 192
sequences, 48 of each type of target slide (see Stimulus
Materials, above).

Results and Discussion

Data reduction and standardization were identical to
those used in Studies 1~3. The standardized LPP ampli-
tude were submitted to a 3 (Coronal: frontal, central, or
parietal sites) x 2 (Lateral: left vs. right scalp sites) x 4
(Stimulus Type: positive, moderately negative,
SnjdkES/ spiders, extremely negative) x 2 (Group: snake/
sP.‘C}l\el"'Pl'\Obic or nonphobic participants) MANOVA,

Vf;\nt:sul[:i;?,s; factor manipulated between participants.

o ‘rmed that the main effect for lateral site was

Significant, with the LPP am li .
Plitude larger over the right

scalp regions than over the left scalp regions, F(1, 17) =
556, p < .04 (see Table 4). The Lateral Slide Type
interaction approached significance, F(3, 48) = 2.76, p<
-08, with the form of this interaction the same as that
observed in Studies 1-3, indicating a systematic en-
hancement of the LPP lateralization for increasingly
evaluatively inconsistent stimuli. Finally, and as ex-
pected, the coronal main effect was significant, F(2, 32) =
39.22, p<.001, with the amplitude of the LPP again smaller
over frontal than centroparietal scalp regions. No other
effects or interactions were statistically significant.

In sum, the results of Study 4 replicated the right
lateralization of the LPP observed in Studies 1-3 even
though pictorial rather than semantic stimuli were used.
Furthermore, replicating the preceding results, the ef-
fect size for the laterality main effect was large (w?=.11)
and for the Laterality x Slide Type interaction was me-
dium (w® = .07). These results are consistent with he-
donic valuation processes underlying the amplitude
enhancement of the LPP over the right scalp regions in
our modified oddball paradigm. The right hemisphere,
for instance, may play a role in affective language (Gore-
lick & Ross, 1987) as well as associative tasks thatare both
linguistically and nonlinguistically based (e.g., War-
rington & Taylor, 1973). Hence, it is conceivable that the
scalp asymmetry found during evaluative categorizations
reflects the evocation of valuation processes or the evo-
cation of memorial processes that rely on activation of
distal associates, or both. Regardless of the answer, inves-
tigation of the scalp topography of the LPP during evalu-
ative processing can help illuminate the motivational
substrates (Staats & Staats, 1958; Zajonc, 1980) and basic
information processes (Beeman et al., 1994; Warrington &
Taylor, 1973) involved in the evaluative categorization
stage of attitude judgments.

The finding of a right LPP asymmetry in Studies 1
through 4 appears to contrast with prior research inves-
tigating (nonevaluative) cognitive categorizations: The
existing research on the P300 indicates that the ampli-
tude of this component is maximal at midline sites and
hemispheric lateralization is small (e.g., Alexanderetal.,
1995; Sanquist et al., 1980; Scheffers et al., 1991) or
inconsistent (e.g., Snyder et al,, 1980). These results are



enerally based on studies of relatively simple, nonevalu-
ative categorization processes using generally neutral
stmuli (e.g., tones). Endogenous components of the
ERP such as the P300 vary as a function of the psycho-
Jogical operations being performed on a stimulus as well
as the paradigm in which they are being recorded. The
purpose of Study 5 was to examine the scalp distribution
in our modified oddball paradigm during nonevaluative
categorization.

STUDY5

Study 5 was similar to the prior four experiments
except that participants performed a nonevaluative task
(i.e., searching for specific trait adjectives) rather than
an evaluative categorization task. Participants were
shown short sequences of trait adjectives such as those
used in Studies 1-3 and were instructed to search for the
words pleasant and unpleasant. The descriptors pleasant
and unpleasant served as probe stimuli, and positive and
negatve traits served as fillers. If the nature of our modified
oddball paradigm or the affective nature of the stimuli
used in our experiments is responsible for the right-
lateralized LPP, we should again observe a right] teralized
LPP in Study 3. If, in contrast, the right-lateralized LPPs
observed in Studies 1-4 are attributable to evaluative
categorizations, we should replicate prior research on
the P300in Study 5 andfind a generally symmetric rather
than lateralized distribution of the LPP over the cen-
troparietal regions.

Method

Participants. Twenty-one in troductory psychology stu-
dents (8 female, 13 male) at Ohio State University par-
ticipated in the study. Asa result of equipment problems,
data from 3 participants were excluded from the analyses
on the lateral scalp sites, and data from 4 participants
were excluded from the analyses on the midline scalp
sites.

Stimulus materials. ERPs were recorded to positive, nega-
tive, or probe traits embedded in sequences of positive
traits. The traits pleasant and unpleasant served as the
probe traits. The 160 most positively rated traits (e.g.,
honest, sincere) from Ariderson (1968) formed the pool
of positive traits (with the exception that pleasant was
excluded from this pool), and 10 negative traits (evil,
stupid, wicked, cruel, rude, dishonest, unkind, deceitful,
selfish, conceited) formed the pool of negative traits.

Procedure. EEG activity was measured over four lateral
(F3, F4, P3, and P4) and three midline (Fz, Cz, and Pz)
scalp locations and was digitized at 727 Hz. In all other
respects, the procedures for electrode placement and
attachment and the apparatus used for recording EEG
and EOG were identical to those used in Studies 1-4. For
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comparability with these studies, the topographical
analyses were performed on standardizeq LPP ampli-
tudes recorded over the latera) scalp sites.

Participants were told that the traits would be pre-
sented in sequences of six on a monitor and that after
each sequence they should press one of three keys on a
keypad to indicate whether the sequence contained
(a) the trait “pleasant,” (b) the trait “unpleasant,” or
(¢) neither “pleasant” nor “unpleasant.” Each sequence
of six traits was initiated when Participants pressed a key
on a keypad located next to their right hand in response
to a prompt on the monitor. Each trajt was presented for
192 ms, and the ISI was 1,200 ms. After a 1,200-ms
interval following the offset of the sixth trait, participants
were prompted with a message instructing them to enter
their response for the S€quence, which they could do at
their discretion. :

Three types of target stimuli (conditions) were used:
(a) a probe trait (i.e., either the trait “pleasant” or “un-
pleasant”) embedded in a sequence of positive traits, (b) a
positive trait embedded in a Sequence of positive traits,
and (c) a negative trait embedded in a sequence of
positive traits. As in Studies 1-4, the target stimuli were
located in the third, fourth, or fifth stimulus position,
and the location of each target stimulus was randomly
determined for each sequence. Each of these three
s€quence types were presented 80 times during the study,
and the order of these 240 six-trait sequences was ran-
domly determined for each participant. The traits that
appeared at the six stimulus positions within each of the
240 sequences were randomly selected from the appro-
priate category. As in Studies 1-3, traits from each of the
categories were selected without replacement until all
the traits within each of the three categories had been
selected. Thus this study was similar to Studies 1-3, a
primary difference being that the experimental task
required that participants perform (nonevaluative) se-
mantic categorizations rather than evaluative categoriza-
tions, and this study was similar to prior research on the
effects of infrequent targets on the P300 except that the
stimuli were affect-laden words and were presented in
short rather than long sequences.

Data reduction and standardization procedures were
identical to those used in Studies 1-4 except that, follow-
ing inspection of averaged waveforms, the latency win-
dow was shortened (350-850 ms) to ensure that the peak
of the LPP was not missed.

Results

The standardized LPP amplitudes were submitted to
a 2 (Coronal: frontal vs. parietal sites) x 2 (Lateral: left
vs. right scalp sites x 3 (Stimulus Type: positive, negative,
or probe) MANOVA. Asin Studies 14, the coronal main
effect was highly significant, £(1,17) = 81.10, p <.0001,
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TABLE 5: Mean Amplitude of the Late Positive Potential
(in Microvolts), Study 5
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TABLE6: Mean Amplitude of the Late Positive Potential Over Midline
Sites (in Microvolts), Study 5

Pariets] Frontal
Target* Left Right Left Right
Probe 16.15 15.71 5.58 6.23
Negative 5.54 5.69 273 3.35
Positive 6.24 6.52 0.86 1.41

a. Target stimuli were embedded in a posidve stimulus context.

with the amplitude of the LPp again smaller over fronta)
than centroparietal scalp regions. Con trary to the results
of Studies 1-4, however, the main effect for lateral site
did not approach statistical significance (F < 1) when
participants performed a nonevaluative categorization
task in the modified oddball paradigm. As seen in Table
5, there was no difference between the amplitude of the
LPP over the right and left scalp regions. The Lateral x
Stimulus Type interaction also did not approach statisti-
cal significance (see Table 5), This symmetrical distribu-
tion of the LPP is consistent with prior research on the
lateral scalp distribution of the P300 during nonevalua-
tive categorization tasks in the traditional oddbal] para-
digm. No other effect or interaction was statistically
significant.

One might question whether the nonstandardized (i.e.,
raw) LPP amplitudes recorded in Study 5 mirror the
results of prior research on nonevaluative categoriza-
tions. For instance, was the amplitude of the LPP larger
when the categorically inconsistent target words (pleas-
antand unpleasant) were presented than when categori-
cally consistent filler words were presented? * To examine
these questions, three con rasts were conducted.

First, the amplitude of the LPP from the midline scalp
sites of 17 participants was subjected to a 3 (Coronal:
frontal, central, or parietal site) x 2 ( Categorical Consis-
tency: consistent/filler stimuli or inconsistent/ target
stimuli) MANOVA. As expected, this analysis revealed
that the amplitude of the LPp evoked by categorically
inconsistent (target) traits (M = 14.76 uV) was larger
than the amplitude of the L PP evoked by categorically
consistent (filler) traits (M=544pv), F1,16) = 27.08,
p < .001. In addition, the expected coronal main effect
was significant as the amplitude of the LPp decreased
across the scalp from Pz to Fz, F(2,15) =55.05, p<.001,
Finally, as seen in Table 6, there was a significant Coronal
X Categorical Consistency interaction, as the difference
between the amplitudes of the LPP evoked by categori-
cally inconsistent and consistent traits was larger over the
midline parietal and central scalp regions than the fron-
tal scalp region, F(2, 15) = 15.44, p<.001. The results of
these analyses, therefore, are consistent with prior re-
search on the P300 in which participants Nonevaluatively

Midline Sites
Target® Parietal Central Frontal
“Unpleasant” 20.20 18.21 8.02
“Pleasant” 19.31 18.18 8.36
Negative 7.22 6.53 2.89
Positive 7.83 7.16 1.05

a. Target stimuli were embedded in a Positive stimulus contex,

categorized stimuli, as (a) the [pp was larger over the

a larger LPP, and (c) the average latency of the LPP fell
within the latency window of the P300.

Although most of the filler traits were positive, nega-
tive traits were occasionally presented. In the preceding
MANOVA, we collapsed across positive and negative
fillers. The negative traits were categorically consistent
with the positive traits in terms of the participants’ cate-

Or negative) MANOVA. Results revealed that the LPP
amplitude (a) decreased across the scalp from Pz to Fz,
F(2, 15) = 42.85, ? < .001, and (b) did not differ in
Tesponse to positive (M = 5.34 1V) and negative (M =
5.55 uV) filler stimuli, F< 1. These results are consistent
with prior research on the P300 demonstrating that this
component does not differ when stimuli are inconsistent
along a dimension that js not being categorized (e.g.
Johnson & Donchin, 1980). These results also suggest
that the semantic categorization task was truly nonevalu-
ative in nature, despite the affective connotations of the
experimental stimuli.

Finally, a planned contrast was performed to examine
whether the amplitude of the LPP was influenced by the

gorically inconsistent probe traits “pleasant” and
“unpleasant” from the midline scalp sites of 17 partici-
pants was subjected to 3 3 (coronal: frontal, central, or
parietalsite) X 2 (Probe Type: “pleasant” or “unpleasant”)
MANOVA. As expected, results revealed that (a) the
amplitude of the LPP decreased acrogs the scalp from Pz
to Fz, (2, 15) = 39.64, p <001, and (b) the amplitudes
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LPPs evoked by the traits “pleasant” (M = 15.98 uv)
of th° pleasant” (M= 15.47 uV) did not differ, (1, 16)
and :e%oronal x Probe Type interaction was also non-
<l I_cam, F(2, 15) < 1. These results demonstrate that
sign’! lmough “unpleasant” was both categorically and
ever atively inconsistent and “pleasant” was categorically
evalV 5istcr;t but evaluatively consistent with the stimulus
inc(::x[ the LPPs evoked by these probes were compa-
Co;;e ’I:oget.her, these planned contrasts indicate that
{;e a;nplitude of the LPP was not influenced by the
valuative significance of a stimulus when participants
; erformed a nonevaluative categorization task.

GENERAL DISCUSSION

We began thisarticle with McGuire’s (1985) observation
that studies of attitudes have relied on efferent ( typically
verbal) operationalizations. As a result, the structure and

rocesses underlying attitudes have been viewed from a
somewhatlimited perspective (cf. Cacioppo & Berntson,
1994). McGuire (1985) further suggested that a “right
brain” perspective may be developed someday. Consis-
tent with the implicit suggestion that CNS probes of
attitude processes may br fruitful, recent studies have
capitalized on theory and research in cognitive psycho-
physiology to index the evaluative categorizations
through analyses of midline ERPs (Cacioppo etal., 1993,
1994). This research has made it possible to isolate the
evaluative categorization stage from response selection
and execution stages of attitudinal processing (Crites
et al, 1995) and thus provide a new perspective on
attitude processes. We extended these analyses in the
present article to address a complementary question
regarding the nature of the operations underlying the
evaluative categorization stage of attitude processing by
examining the spatial topography of the ERP over lateral
scalp regions within our modified oddball paradigm.

In studies 1 and 2, participants judged the evaluative
significance of traits presented within a sequence of posi-
tive traits. Results revealed that the standardized ampli-
tudes of the LPP were larger over the right than the left
scalp regions, consistent with the hypothesis that evalu-
ative categorizations engage mechanisms associated with
hedonic or global language processing. Study 3 was a
conceptual replication of Study 2 except that the attitude
stimuli were presented within a negative rather than a
positive sequence of traits. Results again revealed that
the LPP amplitude was larger over the right than the left
scalp regions. Thus the lateralized scalp topography was
associated with evaluative categorization processes gen-
erally rather than with the specific (positive or negative)
valence of the contextual stimuli. To determine whether
semantic processes were necessary for this asymmetry,
Study 4 was conducted using emotionally provocative
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slides rather than trait words as stimuli. Results again indi-
cated that the LPP amplitude was larger over the right
than the left scalp regions, consistent with the notion
that the neural source or combination of neural sources
underlying the LPP during evaluative categorizations
tends to be located in, or oriented toward, the right
hemisphere. Thus the right-lateralized LPP manifested
as a result of evaluative categorizations despite differ-
ences across studies in the €xperimental stimuli (eg.,
semantc, pictorial), response demands, and valence of
contextual stimuli.

Study 5 was conducted to explore whether the same
laterality would be observed during nonevaluative cate-
gorizations of the affectively toned trait adjectives. Par-
ticipants searched for the traits “pleasant” and
“unpleasant” within sequences of trait words. In contrast
to Studies 14, Study 5 revealed a symmetrically distrib-
uted ERP across the left and right scalp regions. Interest-
ingly, Alexander et al. (1995) recently reported P300
asymmetries in a study of ERPs in 80 participants using
a cognitive (visual discrimination) task, ERPs were elic-
ited using the oddball procedure. Participants viewed a
series of 280 stimuli (210 standard stimrli—a white square;
35 target stimuli—a white X, and 35 no. el stimuli-—various
colored geometric shapes). Each stimulus was presented
for a duration of 60 ms, and the IS] was 1.6 s. Participants
pressed a keypad with their forefinger whenever a target
stimulus was presented and refrained from responding
when a novel or standard stimulus was presented. Al-
though the mean differences were small, the use of a large
sample size revealed that the target and standard stimuli
produced a larger-amplitude P300 over the left than the
right parietal scalp regions. Evaluative categorizations in
Studies 1-4, in contrast, produced larger-amplitude
LPPsover the right scalp regions generally, including the
parietal regions (see Tables 1-4). Together, these studies
suggest that evaluative categorizations produce a more
rightlateralized LPP than nonevaluative categorizations. It
would be preferable, of course, to contrast the effects of

evaluative and nonevaluative categorizations on LPP

asymmetries in the same study. Crites and Cacioppo
(1996) recently performed such a study, confirming that
evaluative categorizations produced significantly more
right-lateralized LPPs than nonevaluative categoriza-
tions of the same experimental stimuli. As in Study 5,
Crites and Cacioppo (1996) found that nonevaluative
categorizations were associated with a symmetrical LPP
topography when using our modified oddball paradigm.

Cacioppo and Tassinary (1990) have criticized the
assumption that the relationships between physiological
signals such as the LPP amplitude or rightlateralized
topography and psychological operations such as evalu-
ative categorizations must be invariant to be replicable,
important, and informative. In Cacioppo and Tassinary's
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(1990) framework, the LPP amplitudes and topographies
represent markers rather than outcomes, concomitants,
or invariants. Thus no claim is being made that evaluative
categorizations will be accompanied bv a right-lateral-
ized distribution of ERPs regardless of the paradigm in
which the measures are secured. In this sense, the LPP
is more similar to chronometric measures of cognitive
operations than itis to fingerprints. (This distinction holds
not only for ERPs but also for brain imaging technolo-
gies; Sarter, Berntson, & Cacioppo, 1996.) The same
differences in reaction time may mean quite different
things psychologicallv depending on the paradigm and
conditions in which reaction times are measured; relat-
edly, isolating a specific cognitive operation using reac-
tion time measures may be replicable and informative
even though the relationship is not generalizable to other
reaction time paradigms. Similarly, the relationship be-
tween attitudinal (evaluative) processes and PP ampli-
tudes and topographies is replicable and interpretable
within our modified oddball paradigm whether or not it
is generalizable to other ERP paradigms.®

The finding that the LPP is larger over the right than
the left scalp regions during evaluative categorization is
consistent with the importance placed on the right hemi-
sphere for processing affective or motivationally signifi-
cant information and for forming and maintaining a
thematic macrostructure for understanding language.
Importantly, these two operational characteristics of right
hemispheric functioning are not mutually exclusive, as
the importance of the right hemisphere for processing
emotional information may be du~ to its more synthetic
mode of processing information (Safer & Leventhal,
1977). The lateral scalp distribution of the LPP evoked
by evaluative categorizations as opposed to nonevaluative
semantic categorizations, therefore, may be caused by
the activation of neural units under (or oriented toward)
the right scalp regions that perform global processing or
integrative functions that are especially important for
discriminating hostile (negative) from hospitable (posi-
tive) stimuli and events. Of these possible determinants,
the former may be especially important.

The essential feature of an evaluative categorization
is the discrimination of a stimulus in terms of its positivity
(hospitable nature) and/or negativity (hostile nature).
Recent studies by Kayser et al. (1995) and Berntson,
Boysen, and Torello (1993) suggest that the affective
discrimination that underlies evaluative categorizations
may be sufficient to produce right-lateralized ERPs,
Berntson et al. (1993), for instance. used ERP measures
to investigate perceptual processing in a chimpanzee. A
female chimpanzee, Sheba, was exposed to 500- and
1500-Hz tones in an oddball paradigm. Analyses of the
ERPs to the tones in the oddbail paradigm revealed a
symmetrical scalp distribution,
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In a subsequent session, Sheba was exposed to two
stimuli that differed in emotional significance: a 350-ms
500-Hz tone and a 350-ms epoch of human speech—the
animal’s name, Sheba. Analyses of the ERPs obtained in
this session revealed a symmetrical scalp distribution to
the control tone (as was observed in the oddball para-
digm) but a right-lateralized scalp distribution to the
name. This result was obtained even though the two
stimuli were equally probable. These results suggest that
the processing of the affective significance of a stimulus,
whether performed spontaneously (as in the case of
Sheba responding to her name) or in response to a task
(asin the case of participantsin the presentstudies), may
be sufficient to produce a right-lateralized scalp distribu-
tion of the late positive potential.

These studies also help rule out several alternative
interpretations. In an interesting and important series of
studies, Davidson and his colleagues (e.g., Davidson,
1992) have presented evidence for the left frontal region
being associated with approach-related emotional be-
havior and the right frontal region being associated with
the withdrawal-related emotional behavior. For instance,
Davidson and his colleagues have found that individual
differences in the relative activation of the right and left
frontal EEG are related to dispositional differences in
positive and negative moods and that relative right versus
left frontal EEG activity varies as a function of positive
and negative events (e.g., Davidson, Ekman, Saron,
Senulis, & Friesen, 1990; see Davidson, 1992; Fox, 1991).
Several lines of evidence from the present studies indi-
cate that the asymmetries in the LPP that were observed
during evaluative categorizations are distinct from the
asymmetries Davidson and his colleagues have identi-
fied. First, the asymmetries identified by Davidson and
his colleagues are localized in the prefrontal and ante-
rior temporal regions and are indexed by the relative
absence of alpha (6-8 Hz) activity in the spontaneous
EEG. The LPP, in contrast, is an eventrelated compo-
nent rather than a component of spontaneous EEG
activity and is right lateralized over central and parietal
aswell as frontal regions. Second, whereas Davidson and
his colleagues have found relative right hemispheric
EEG activity as a function of positive events (Davidson
etal, 1990), we observed a right-lateralized LPP during
evaluative categorizations whether the target stimulus
was positive or negative (Studies 1~4) and whether the
contextual stimuli were positive (Studies 1, 2, and 4) or
negative (Study 3). Third, in Davidson and his col-
leagues’ work, either affective states are induced or pre-
dispositions toward specific affective states are examined.
The LPP paradigm, in contrast, demands evaluative cate-
gorizations rather than full-blown affective states. These
evaluative categorizations are necessarily made quickly,
and hundreds of evaluative categorizations are required



during the course of'a. study.' Finally, one might speculate
that, given Lhc? participants’ task (e:g.,Judglng M(hether
each stimulus In a sequence was positive or negative), an
approach motivation was arc?used .regardless of the va-
Jence of the contextual stimuli. If this were true, however,
(he asvmmetries should have Peen greater o‘ver Ll.xe fron-
(@l than the central and pa.r.letal areas (mirroring the
;opogTaPhY observed.by Davidson and colleaguc.s) 2§nd
should have been evident whether the categorization
task was evaluative or nonevaluative. Thus the right-lat-
eralized LPP associated with evaluative categorizations
in our modified oddball paradigm cannot be explained
simply in terms of the interesting but apparently unre-
lated asvmmetries observed by Davidson and his col-
leagues in their studies of spontaneous EEG activity.

Response requirements in this paradigm also do not
appear able to account for the right-lateralized LPP
observed as a function of evaluative categorizations or
for the exaggerated lateralization observed for evalua-
tively inconsistent, in contrast to consistent, stimuli. For
instance, if the LPP asymmetries were related to the
response requirements, then they should vary as a func-
tion of the response requirements and should manifest
more strongly over an.erior than parietal scalp regions.
Neither of these patterns of data was observed, however.
Indeed, participants were instructed not to respond until
the simulus was removed-—which followed the manifes-
tation of the LPP by more than 250 ms. Second, if motor
processes were causing the LPP asymmetry, the asymmet-
rical manifestation of the LPP should have been compa-
rable for evaluatively consistent and in consistent stimuli,
because the response requirements were identical for
these stimuli. Instead, the right-lateralized LPP ampli-
tude observed when evaluatively consistent stimuli were
categorized a positive or negative was amplified when the
stimuli were evaluatively inconsistent with the preceding
stimuliin a sequence. Finally, the response requirements
were identical in Crites and Cacioppo's (1996) study of
evaluative and nonevaluative categorization processes,
yet the evaluative categorizations produced significantly
more right-lateralized LPPs than nonevaluative categori-
zations (which produced symmetrical LPPs).

To summarize, the right-lateralized LPP distributions
appear to be attributable to categorizing stimuli in the
modified oddball paradigm in terms of what Zajonc
(1980) called preferanda. This does not mean that the
psychological operations underlying evaluative and
nonevaluative categorizations are nonoverlapping. In-
deed, there are a number of commonalities in the ERPs
associated with evaluative and nonevaluative categoriza-
tons, including an enhancement of LPP amplitude as a
function of the categorical inconsistency of the eliciting
stimulus, the average latencies for the manifestation of
the LPP, and the coronal distribution of the amplitude
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of the LPP (i.e, it is largest over the centroparietal in
contrast to the frontal areas of the scalp; see Cacioppo
et al,, 1994; Crites et al,, 1995). The present research
shows, however, that even though there is considerable
overlap in the processes evoked by judging trait descrip-
tors in terms of their semantic versus evaluative signifi-
cance, the overlap is not complete; judging the
evaluative significance of stimuli is associated with an
enhancement of the LPP over the right compared with
the left scalp regions, and this laterality is heightened for
a stimulus thatis evaluatively inconsistent with the stimu-
lus context. Thus, rather than a purely cognitive model
(Tourangeau & Rasinski, 1988) or a purely affective
model (Zajonc, 1980), the present results fit best a hy-
brid model of evaluative categorization that includes
cognitive and affective operations.

What is it about the evaluative categorization of
(evaluatively) inconsistent stimuli that produced more
right-lateralized LPPs than evaluative categorizations of
consistent stimuli? At least three accounts warrant fur-
ther attention. First, Jjudging a series of positive (or a
series of negative) stimuli in terms of the evaluative
significance may hinge on hedonic or global associa-
tive processes, just as .loes the Jjudgment of an evalua-
tively inconsistent stimulus (e.g., a negative stimulus
embedded within a series of positive stimuli). However,
the attentional and motivational significance of an evalu-
atively inconsistent stimulus may be considerably greater
in an otherwise evaluatively consistent context. It is con-
ceivable, therefore, that the heightened lateralization of
the LPP is atributable to the change in motivational
significance,

A second possibility is that the LPP to evaluative
categorizations is a manifestation of both evaluative and
nonevaluative informatjon-processing operations. (In-
deed, the similarity in some of the features of the LPP
and the P300 to which we referred above is consistent
with this notion.) The nonevaluative operations should
remain the same for evaluatively consistent and inconsis-
tent stimuli, because the LPP paradigm was developed
such that the stimuli varied only in their evaluative sig-
nificance. The evaluative operations, however, may be
activated differentially by evaluatively consistent and in-
consistent stimuli. For instance, if €xposure to an evalu-
atively inconsistent stimulus produces an evaluative
contrast effect, then an enhancement of the right-later-
alized LPP could result.

A third possibility is that the neural source respon-
sible for affect switching (or for switching the mode of
evaluative activation) is lateralized. Presentation of an eval-
uatively inconsistent stimulus may activate this neural
source, which would, in turn, produce a lateralized LPP
distribution when participants were engaged in evalu-
ative (affective) processing.
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In sum, the study of ERP scalp morphologies and
topographies within the modified oddball paradigm may
contribute to our understanding of attitude processes in
several ways. From a neurophysiological viewpoint, the
ERP topographies reflect manifestations of electrical
fields emanating from neural sources. Although scalp
manifestations of these source fields do not provide as
definitive evidence regarding their neural locus or loci
as positron emission tomography (PET) or functional
magnetic resonance imaging (ftMRD), they provide more
specific information about the temporal features of psy-
chological operations. In addition, with dense electrode
array recordings, ERP scalp topographies may provide
sufficient evidence about spatial features to favor at least
some neural hypotheses over null or alternative hypothe-
ses. From a functional perspective, changes in scalp
topography can be viewed as evidence that two or more
attitude conditions have differentia] effects. For in-
stance, ERPs or scalp topographies can be used as de-
Pendent measures within a subtractive- or addictive-
factors paradigm to explore attitude processes (see review
by Cacioppo & Petty, 1986). In the case of scalp topo-
graphies, the ERP amplitudes are usually stz \dardized
within conditions to avoid spurious effects (e.g.,
Johnson, 1993, McCarthy & Wood, 1985; Ruchkin et al.,
1995). As noted above, this standardization removes the
mean differences in the amplitude of ERP components
across experimental conditions (e.g., larger-amplitude
LPPs to evaluatively inconsistent than to evaluatively
consistent stimuli) but makes it more likely that differ-
ences in scalp topographies reflect differences in atd-
tude operations across these conditions rather than
simply differences in the intensity of a given attitude
operation across conditions.

For instance, researchers have long realized that atti-
tudes share a motivational role with more rudimentary
emotional processes (e.g., Staats & Staats, 1958). How-
ever, since Thurstone (1928) first extended the experi-
mental methods and logic of psvchophysics to the study
of attitudes, attitudinal and nonevaluative semantic
processes and judgments have often been treated simi-
larlv. A means of integrating these two conceptualiza-
tions has been elusive, because existing theoretical
perspectives and methodologies have not easily allowed
investigation of the similarities and differences between
evaluative and nonevaluative processes. The analyses of
lateral scalp distribution of LPP amplitudes in the modi-
fied oddball paradigm may help fill this requirement.

NOTES

L. In the traditional oddball paradigm. participants are exposed to
very long series of stimuli. To entrain the timing of the categorization
processes, the oddball paradigm was modified so that participants
viewed short sequences of stimuli and were instructed, for instance to
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count the “pleasant” or “unpleasant” pictures in cach sequence. Pre-
liminary research indicated that these modifications improved our
ability to discriminate atdtude judgments, possibly because the shorter

processes.

2. Analyses of the latera} sites from our earlier LPP studies (e.g..
Cacioppo, Crites, Berntson, & Coles, 1993) revealed the same pattern
of results as reported here. The studies reported in the text, however,
represent our most recent studies of evaluative categorizations, involve
more participants, use more latera] electrode sites, and use a larger per-
centage of the total EEG Sweeps to compute the average ERP waveforms,

3. Analyses performed on nonstandardized LPP amplitudes in
Studies 1 and 2 provided results that were congruent with those
reported in the text €xcept, of course, that the LPP amplitude was

and latencies are obtained by averaging across this factor,

the midline scalp sites in Study 5 have not been reported previously
and therefore are reported here.

5. Because previous research on the P300 has focused primarily on
the amplitude along the midline of the scalp, these contrasts were
performed on the amplitude of the LPP along the scalp midline to

revealed comparable results.

6. There is conflicting evidence at present regarding whether these
relationships generalize to other (e.g., the oddball) paradigms. Crites
(unpublished data) has not observed the same right-lateralized LPP
distribution during evaluative processing when using the traditional
oddball paradigm (i.e., long series of stimulus presentations). Lang
and his colleagues (personal communication, June 17, 1995), however,
who also used long series of stimulus presentations, replicated the
present observations of an LPP scalp distribution that was more right
lateralized when participants were instructed to rate the valence, 2rousal,
and dominance of each stimulus in the sequence (evaluative p. ocess-
ing) than when participants were instructed to create a mental image

traditional oddbali paradigm, our initial studies of evaluative processes
using the oddball paradigm suggested that features unrelated to
evaluative processes might obscure some of the effects of evaluative
categorization (see Cacioppo et al., 1993, P- 109, N. 1). Consequently,
the replicability and interpretability of LPP amplitudes and topogra-
phies may be limited to, and to date are clearerin, our modified oddball
paradigm.
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