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Looking at pictures: Affective, facial, visceral,
and behavioral reactions

PETER J. LANG, MARK K. C.REENWALD, MARGARET M. BRADLEY,
AND ALFONS O. HAMM
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Abstract
Colored photographic pictures that varied widely across the affective dimensions of valence (pleasant-unpleas-
ant) and arou.sal (excited-calm) were each viewed for a 6-s period while facial electromyographic (zygomatic and
corrugator muscle activity) and visceral (heart rate and skin conductance) reactions were measured. Judgments
relating to pleasure, arousal, interest, and emotional state were measured, as was choice viewing time. Signifi-
cant covariation was obtained between (a) facial expression and affective valence judgments and (b) skin conduc-
tance magnitude and arousal ratings. Interest ratings and viewing time were also associated with arousal. Although
differences due to the subject's gender and cognitive style were obtained, affective responses were largely inde-
pendent of the personality factors investigated. Response specificity, particularly facial expressiveness, supported
the view that specific affects have unique patterns of reactivity. The consistency of the dimensional relationships
between evaluative judgments (i.e., pleasure and arousal) and physiological response, however, emphasizes that
emotion is fundamentally organized by these motivational parameters.
Descriptors: Emotion, Pictures, Pleasure, Arousal, Interest, Facial expression. Heart rate. Skin conductance. Per-
sonality, Imagery ability. Aesthetic behavior. Communications

The aim of this experiment was to examine the organization of
etnotional perception as instigated by a broad range of static
visual stimuli. Etnotional perception is construed here to involve
multiple re.sponse components (Lang, 1968, 1984), including
affective evaluation, facial expressiveness, visceral reactivity,
and behavioral responses that maintain or terminate stimulation.

Affective evaluation is defined as the degree to which pictures
are judged as (un)pleasant and arousing. This emphasis is con-
sistent with classical analyses of aesthetic perception (Berlyne,
1971; Wundt, 1905) and tnultivariate research on affective lan-
guage, which have found that the principal variance in etnotional
meaning is explained by two factors: pleasure and arousal
(Mehrabian & Russell, 1974; Osgood, Suci, & Tantienbaum,
1957; Smith & Ellsworth, 1985). Circumplex tnodels of emo-
tional tneaning, defined by axes of affective valence and arousal,
have been promoted by several theorists (e.g., Russell, 1980;
Watson & Tellegen, 1985). In this view, specific moods or emo-
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tional states are subordinate divisions, defined by their place-
ment within this valence and arousal coordinate space.

Facial Action in Emotion
Observation of facial displays has often focused on the unique
configurations of particular emotions (e.g., Ekman, Friesen, &
Ellsworth, 1972). Schlosberg (1952; see also Abelson & Sermat,
1962), however, emphasized dimensional structure in classify-
ing facial expressions, and recent electrophysiological investi-
gations have concurred, ordering patterns of facial action along
the valence dimension. Thus, imagery of unpleasant scenes
yields increased corrugator (frown muscle) activity, whereas
recall of pleasant scenes prompts zygomatic (smile muscle) ten-
sion (Fridlund, Schwartz, & Fowler, 1984; Schwartz, Brown, &
Ahem, 1980). Perception of pictures depicting angry or fearful
faces versus happy faces affords a similar facial action pattern
(e.g., Dimberg, 1981, 1986). In another study of expressive
reactions to pictures, Cacioppo, Petty, Losch, and Kim (1986)
observed this same covariation between specific muscle groups
and affect and found that greater tension in the relevant mus-
cle was related to increased emotional intensity.

Visceral Reactivity and Affect
Affective valence and arousal reports also covary with visceral
measurements. Skin conductance responses, determined by ac-
tivity in the sympathetically innervated sweat glands, increase
monotonically with intensifying stimulation (Bernstein, 1969;
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Maltzman, Harris, Ingram, & Wolff, 1971). In studies using a
range of affective stimuli (perceptual or imaginal), conductance
increases vary directly with reports of arousal, independent of
whether the experience is reported as pleasant or unpleasant
(Bradley, Cuthbert, & Lang, 1990; Cook, Hawk, Davis, & Ste-
venson, 1991; Greenwald, Cook, & Lang, 1989; Manning &
Melchiori, 1974; Winton, Putnam, & Krau.ss, 1984).

Heart rate is innervated by sympathetic and parasympathetic
systems, and prior research has suggested a more complex a.sso-
ciation with affective reports. Thus, recall of both pleasant and
unpleasant memories prompts acceleration, implying (as for
conductance) that arou.sal primarily determines heart rate change
(Cuthbert, Bradley, York, & Lang, 1990; Vrana, Cuthbert,
& Lang, 1989). However, when subjects view photographs,
unpleasant scenes occasion relatively more deceleration than
pleasant scenes, suggesting that valence plays the greater role in
determining cardiac response during perception (Bradley et al.,
1990; Greenwald et al., 1989; Hare, Wood, Britain, &Shadman,
1970; Ha.stings, 1971; Libby, Lacey, & Lacey, 1973; Winton
et al., 1984).

Looking at Pictures: Aesthetic Behavior
People look at photographs because it is pleasant and interest-
ing to do so. Furthermore, a photograph's quality usually lies
in its representational or symbolic meaning. In this sense, pic-
tures are art objects. Observers are invited to attend to such stim-
uli, but it is generally understood that most instrumental
behavior is to be inhibited (or closely regulated) according to
learned aesthetic rules. In lay terms, perception occurs across
an aesthetic distance, defined by the "artistic frame of reference

. around the work . . . to differentiate it psychologically from
reality" (Cove, 1986, p. 34). Nevertheless, pictorial information
can match the stimulus properties of real object or event refer-
ents, activating cognitive repre.sentations as.sociated with strong
emotional responses. Affective processing, in turn, triggers fa-
cial action and vi.sceral motility similar in pattern to that engaged
by the veritable stimuli, which can closely parallel evaluations
of affective meaning. Because the subject's aesthetic set gener-
ally assures that overt actions (e.g., flight or aggression) are
gated out of emotional response programs, residual affective
behaviors in the aesthetic context are those related to initiation
and choice-assuming that selection of stimuli is freely avail-
able-and the active maintenance or termination of stimulus
input.

The Research Problem

The present experiment used a picture-viewing methodology to
examine the relations among affective judgments, facial reac-
tivity, visceral responses, reports of interest, and one aspect of
viewing behavior-the voluntary termination of stimulus expo-
sure. Colored photographs that depicted a variety of natural
scenes, objects, wild and domestic animals, human faces and
bodies, artifacts, and social interactions served as stimuli. The
pictures were selected to produce quick perceptual resolution by
subjects with a Western cultural origin and to evoke a broad
range of affective responses (within the limits of the two-dimen-
sional pictorial format).

Each subject viewed the picture .set twice. Pictures were pre-
sented as slide images for 6 s, during which facial mu.scle, car-
diac, and electrodermal responses were recorded. After each
picture, the subject rated the degree of pleasure and arousal

experienced. Once all pictures had been viewed, several ques-
tionnaires, which tapped different personality and cognitive
attributes, were admini.stered. All pictures were then re-presented,
but this time, each picture exposure was terminated at the sub-
ject's discretion. Finally, the subject rated picture interest and
then picked one of .several specific emotions that best described
the feeling evoked by each picture.

One purpo.se of the experiment was to examine the covari-
ation during picture viewing of the dimensional judgments of
affective valence and arousal with facial and visceral response
physiology. This problem was previously addres.sed in a pilot
experiment (Greenwald et al., 1989) by sampling 21 pictures
from a recently developed standard set of 240 slide stimuli (The
International Affective Picture System [IAPS]; Lang, Ohman,
& VaitI, 1988). The initial results suggested that decreased cor-
rugator and increa.sed zygomatic muscle activity are associated
with increasing plea.santness of a visual percepl and that elec-
trodermal respon.se increases linearly with reported arousal.
To rule out specific picture content as a possible explanation for
these findings, the present experiment employed a new, more
extensive sample of IAPS pictures and more subjects, permit-
ting a broader evaluation of the association between affective
reports and physiological response. It also constituted a cross-
validating test of the IAPS standards and a reliability check
on the methodology used to define affective and physiological
reactivity.'

The second purpose was to address new questions relevant
to the p.sychology of picture viewing.

1. How are affective and physiological responses to emotional
pictures related to measures of interest and attention?

2. Do pictures that prompt reports of specific emotions (e.g.,
fear, disgust) also occasion specific patterns of physiologi-
cal reaction?

3. Do personality or cognitive style attributes modulate the
association between affective reports and physiological
reactivity?

To address the last question, all subjects completed question-
naires designed to tap dispositions that might produce differ-
ential experiences of arousal or pleasure: anhedonia, anxiety,
introversion/extraversion, neuroticism, .social desirability, and
a cognitive .style characteri.stic-the prevalence and vividne.ss of
imagery in their mental life.

Method

Subjects
Sixty-six (33 male, 33 female) University of Florida introduc-
tory psychology students participated as part of a class require-
ment. Subjects were randomly a.ssigned to view one of two
picture series. Gender was balanced across picture series. One
man and one woman lacking complete data were omitted (final
«=64) ,

'The International Affective Picture Systetn, technical manual.s,
and an appendix listing all picture contcnt.s tiscd in this experiment and
their mean response values can be obtained from Peter J. Lang, Cen-
ter for Research in P.sychophysiology, Box I(X)I65 H.S.C., University
of Florida, Gainesville, FL 32610.
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Stimulus Selection
Forty-two colored pictures were chosen from the lAPS based
on valence and arousal ratings obtained from prior validation
studies. The pictures selected varied widely in content (includ-
ing the neutral and tnundane) and affective tone, from calm to
arousing and pleasant to unpleasant. The materials were pre-
sented as slide images and were arranged in two sets (A and B)
of 21 pictures, which were similar in their normative distribu-
tions of ratings and range of content.

Figure I illustrates the distribution of all 240 1 APS pictures
in the affective space defined by normative valence and arousal
judgments, highlighting the stimuli used in this experiment. Con-
sistent with the aitn of the lAPS, pictures are distributed well
throughout the space. The only exception is the highly unpleas-
ant/calm quadrant which, despite serious efforts to locate ma-
terials, is underrepresented.

Apparatus and Physiological Response Measurement
Experitnental events were controlled by PDP 11/23 and Apple
lie microcomputers. Valence and arousal ratings were obtained
usitig the Self-Assessment Manikin (SAM; Lang, 1980), an
animated interactive computer display.' The SAM display
(0-29 scale) was located 1.6 m in tront of the subject, below the
projection screen. Slide duration (6 s) was controlled with a
Gerbrands electronic shutter (ri.se/fall < 5 m.s). Physiological sig-
nals (except heart rate) were satnpled at 10 Hz for 2 s before slide
onset, for 6 s during picture presentation, and for 2 s after slide
off.set.

f-'acial electromyographic activity was recorded over the left
corrugator and zygomatic sites with Beckman silver/silver chlo-
ride tniniature .sensors and routed through Coulbourn S75 series
bioamplifiers. Signals were bandpass filtered from 90 to 1,000 Hz,
rectified, and integrated (time constant of 500 ms). Change
scores were calculated separately for electromyographic activ-
ity at each facial tnu.scle site by subtractitig the mean activity dur-
ing the 1 s preceding picture onset (baseline) from the average
response during the 6-s picture viewing interval.

Heart rate was measured using collarbone-leg leads with
Beckman standard sensors. Following input to a Coulbourn S75
amplifier, a Schmitt trigger detected R-wave pulses and inter-
rupted the cotnputer, which tneasured interbeat intervals to the
nearest tnillisecond. Interbeat intervals were reduced off-line
to heart rate in beats per minute in half-second bins, weighting
each interval by the fraction of titne occupied (Graham, 1980).
Mean heart rate 1 s betbre picture onset was the base period and
was subtracted from the average heart rate for every half-second
after stitnulus onset. The cardiac waveform was triphasic, con-
sisting of .stnall initial deceleration, a larger tnidinterval accel-
eration, and a final deceleration. The accelerative leg, which best
discriminated picture valence, was defined as the fastest half-
second value after the initial deceleration (within the first 3 s)
but before picture offset on each trial, even if the value was less
than baseline (cf. Gatchel & Lang, 1973).

'The SAM displays present a graphic figure whose actions are con-
trolled by the subject. In rating pleasantness, the figure's face is con-
tinuously modulated from an extreme frown to a broad smile; in rating
arousal, the tigure varies from inactivity to rapid movement. The ex-
tremes of these graphic scales are defined in the instructions to subjects
by the same terms used in the semantic ditferential (Osgood et al., 1957).
The SAM correlates well with Mehrabian and Russell's (1974) seman-
tic differential study of affective texts, and its char,'»cteristics have been
de.scribed elsewhere (Hodes. Cook, & Lang, 1985; Lang, 1980).

Figure 1. Distribution of normative affective (valence, arousal) judg-
ments for slides u.sed in the current study (dark circles) together with all
of the slide contents (open circles) currently comprising the International
Affective Picture System (Lang et al.. 1988).

Skin conductance was transduced with Beckman standard
electrodes (K-Y jelly filling; Grey & Smith, 1984) affixed to the
hypothenar eminence of the left palm. A Coulbourn S71-22 skin
conductance coupler provided a constant 0.5 volt across elec-
trodes. Conductance response magnitude was scored as the larg-
est value (in ^Siemens) from 0.9 and 4.0 s after picture onset
(Prokasy & Raskin, 1973). Log transformation (log[SCR -I- I])
normalized the distribution of responses. This index differs from
the conductance change score reported in Greenwald et al.
(1989).

Procedure
The subject sat in a recliner in a small (3.0 x 2.4 m), sound-
attenuated, dimly lit room. The slide image (ma.ximum area =
77 X 53 cm) was projected 1.9 m from the subject's eyes. After
attachment of sensors, each subject was familiarized with the
SAM rating procedure. The subject was then told that pictures
differing in emotional content would be displayed, and that each
picture should be attended to the entire time it was exposed on
the screen. After picture offset, the subject was asked to rate
each picture on both SAM dimensions and then to relax between
pictures. A variable interval (20-35 s) occurred between picture
presentations. A 2-min resting baseline was initiated before the
picture series to facilitate laboratory adaptation, and two neu-
tral pictures served as practice stimuli before the 21-picture set
began. Across subjects, pictures were viewed in one of three
varied orders.'

'Corrugator response increased linearly over picture presentations,
F(l,63) = 4.95. whereas conductance response decreased linearly over
trials. /•"(1,63) = 4.50, which is similar to the results of Greenwald et al.
(1989). Pictures of different valence and arousal were distributed evenly
throughout each of the slide orders, however, such that trial effects did
not interact with variables influencing the main hypotheses.
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Following the 21-picture trials, the subject completed the
Eysenck Personality Inventory (Ey.senck & Eyscnck, 1964), the
Revised Physical Anhedonia Scale (Chapman & Chapman,
1978), and a short form of the Manifest Anxiety Scale (Bendig,
1956). Subjects had also completed the Questionnaire Upon
Mental Imagery (QMI; Sheehan, 1967) and the Marlowe-
Crowne Social Desirability Scale (Crowne & Marlowe, 1964) in
a group .setting prior to this experiment.

After completing these questionnaires, all 42 pictures (both
sets A and B) were presented. The subject pres.sed one of two
buttons as quickly as possible, indicating if the picture had been
seen earlier in the experiment; these recognition data were dis-
cu.ssed by Bradley, Greenwald, Petry, and Lang (1992). After
the recognition decision, the subjects viewed the picture as long
as they liked, terminating exposure with a button press. View-
ing time was measured from picture onset to its voluntary offset.

After termination, the subject rated interest in the picture,
using a line rating ranging from 0 ("not at all interesting") to 29
("very interesting"). Finally, each subject selected one of seven
emotion words (angry, disgusted, fearful, happy, sad, surprised,
and neutral; ba.sed on lists in Ekman et al., 1972, and Frijda,
1986) best describing the reaction to the picture.

Data Analysis Issues
For each subject, pictures were ranked along each SAM dimen-
sion (valence, arousal) from low (1) to high (21), ba.sed on each
subject's ratings. If two or more pictures were rated identically
on a dimension, mean ratings for the.se pictures were used to
resolve the tie.'' This procedure yielded a set of 21 ranked rat-
ings for each subject on each dimension. To test the effects of
within- and between-subject variables on physiological responses,
univariate Gender (2) x Picture Rank (21; valence or arousal)
mixed-model analyses of variance (ANOVAs) were conducted
on facial action (corrugator and zygomatic), heart rate, and skin
conductance response measures. Because of explicit hypotheses
about rating-physiology relationships, the repeated measures
variable (picture rank) was orthogonally decomposed to test
significance of the linear and quadratic trends.

Sen.sitivity of dimensional concordance was examined by test-
ing predicted rating-physiology relationships. Judgments of
arou.sal were expected to covary with magnitude of the skin con-
ductance respon.se, whereas facial mu.scle activity and heart rate
were expected to vary with judgments of affective valence. Spec-
ificity of dimensional covariation was examined by analyzing the
alternative, nonpredicted judgment-physiology relationships
(i.e., skin conductance magnitude with affective valence reports,
and facial muscle activity and heart rate with arousal reports).

Figures showing the covariation between judgments and phys-
iology plot the mean affective rating (i.e., valence or arousal)
against the mean physiological response at each judgment rank.
Thus, the.se plots represent physiological reactions as a function
of differences in plea.santness (or arousal) and are not responses
to particular pictures. The dimensional correlation between
Judgments and physiological response was achieved by a method
in which the sample means of arousal (or valence) at each rank
were correlated with each physiological response at that rank

*For plea.santness ratings, there was an average of 4.5 ties per sub-
ject, with an average of three pictures per tic. Tied valence ratings mostly
occurred at the extremes of the scale (0 and 29) and in the middle (14
or 15). For arousal ratings, ties tended to occur at moderate to higher
arou.sal ranks.

(i.e., 21 pairs of observations across subjects). The quadratic
relationship between pleasantness and zygomatic response was
obtained using a Cricket Graph utility (Rafferty & Norling,
1989), which enables the user to obtain polynotnial regression
functions relating two response distributions as well as the vari-
ance accounted for by these best-fit curves.

Each subject's ratings-physiology correlations were catego-
rized as either exceeding significance (\r\ > .37; df = 19, one-
tailed p < .05) or not. Means of these classifications are reported
as group proportions to examine prevalence of these relation-
ships. Group mean correlations are based on Fisher z trans-
formations.

Unlike the dimensional trends in affective psychophysiology,
there were no such trend hypotheses concerning differences in
physiological response between specific emotions. For these
analy.ses (emotions were repeated measures), unadjusted degrees
of freedom and Greenhouse-Geis.ser epsilon (<) corrections arc
reported for the omnibus tests, which were followed up with
Tukey's HSD comparisons. Statistical significance for all tests
was evaluated at the .05 level.

Results

Reliability of Affective Judgments
For descriptive purposes only, test-retest correlations were com-
puted between the normative pleasure and arousal mean ratings
(pencil-and-paper version of SAM) and the mean ratings obtained
in the current study (using the computerized version of SAM)
for all 42 pictures. Affective ratings across the two samples were
very reliable (valence, r= .99; arousal, r = .93). Retest reliabil-
ities of ratings for 11 pictures used by Greenwald et al. (1989)
and re-pre.sented in this study were highly similar for both
affective dimensions (valence, r = .99; arousal, r = .97).

Valence and arousal ratings for this new picture set were lin-
early independent, r = —.05 and similar to the correlation of
mean valence and arousal judgments in the norinative group
sample, r = - . 10 . However, increases in both pleasantness and
unpleasantness were associated with greater arousal (quadratic
r = .43, p < .05) (Figure 1).

Dimensional Covariation: Affective Judgments
and Psychophysiological Response

Facial muscle responses. Figure 2 (upper left panel) illustrates
corrugator response amplitude over the continuum of valence
judgments. As expected, corrugator response was inversely re-
lated to pleasure ranks, i.e., greatest to the most unpleasant
contents and dipping below baseline for very pleasant stimuli.
This impression was confirmed by a significant linear trend,
F(l,60) = 31.83, dimensional r = —.90. Eighty-one percent of
subjects showed this predicted negative relationship (F'igure 3,
left panel), and for 52''/o of this sample, the correlations were
significant. As in the pilot experiment, corrugator activity was
not associated with ranked arousal, linear F(l,60) < 1; dimen-
sional r = .00. Mean corrugator response was replicable across
experiments, r = .98.

Zygomatic muscle responses were greatest for pleasant ranks,
smallest for more neutral ranks, and slightly larger again at the
lowest valence ranks (Figure 2, upper middle panel). A test of
the quadratic trend supported this pattern, F(l,60) = 16.86,
dimensional r = .90. The linear trend was present but somewhat
less strong, F(l,60) = 9.17, dimensional r = .57. Figure 3 (mid-
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die panel) shows the distribution of quadratic valence/zygomatic
correlations for individual subjects. As expected, many subjects
(72%) demonstrated the U-shaped quadratic relationship, and
half the sample (52%) showed a significant quadratic corre-
lation.

Unlike corrugator activity, zygomatic activity increased lin-
early with ranked arousal, F( 1,60) = 6.25. Covarying for valence
ratings at each arousal rank did not change this relationship.
However, this linear correlation between arousal and zygomatic
activity (dimensional r = .47) was significantly smaller than the
quadratic correlation between valence and zygomatic response
(dimensional r = .90). Mutilation pictures accounted for the
majority of the large zygomatic responses among negatively
valent stimuli. Test-retest reliability of mean zygomatic respon.se
for the replicate pictures was quite high, r = .84.

Peak cardiac acceleration. Peak heart rate response was
larger when viewing stimuli ranked as more pleasant (Figure 2,
upper right panel). This impression was confirmed by a signif-
icant linear trend, F(l,60) = 27.51, dimensional r = .76, al-
though this dimensional correlation was smaller than the other
rating-physiology relationships in this experiment. Sixty-one
percent of the subjects in this sample had a positive correlation

between valence judgments and cardiac acceleration, but the cor-
relation was significant for only a few (9%).

Unlike the pilot study results, peak acceleration also showed
a modest, but significant, linear increase with arousal, F(l,60) =
5.94, dimensional r = .48; 3% of the subjects showed a signifi-
cant correlation. Ret est reliability of mean heart rate accelera-
tion for the replicate pictures was high, r = .56, although it was
the lowest of the measures reported here.

Skin conductance response. Figure 2 (lower left panel)
presents the covariation of electrodermal response with arousal
judgments. As predicted, skin conductance response increased
monotonically with ranked arousal, linear F(l,60) = 53.08,
dimensional /• = .81. Seventy-seven percent of subjects showed
positive conductance/arousal correlations; for 33%, the rela-
tionship was significant (Figure 3, right panel).

This arousal/conductance association was even stronger than
that reported by Greenwald et al. (1989; dimensional r = .67),
with a similar prevalence among subjects. Unlike the pilot sam-
ple, however, conductance also seemed to increase with unpleas-
antness, F(l,60) = 19.31, dimensional /•= -.52; this effect did
not change when arousal was used as a covariate. However,
internal evidence suggests that this result was an artifact of pic-
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ture sampling. Specifically, the valence-conductance relation-
ship was present in only one of the two sets used here, which
happened to have fewer pictures that subjects rated both pleas-
ant and arousing.' Reliability of mean conductance response
for the replicate pictures was high, r = .68.

Interest Ratings and yiewing Time
Interest was greatest for pictures judged as plea.sant, lowest for
neutral pictures, and again somewhat greater for unpleasant
materials. This impression was supported by testing interest rat-
ings across ranked valence, quadratic F(l,56) = 59.82; linear
F(l,56) = 59.17. However, interest showed a simpler, exclusively
linear relationship with ranked arousal, F{ 1,56) = 79.49, even
more so when arousal ranks were adjusted for valence ratings,
F(l,55) = 108.40.

'There was a rare interaction of pleasantne.ss rank and picture set
on conductance response, F(l,60) = 13.84, indicating that of the two
sets of pictures assessed in this experiment only those in one set produced
a significant relationship between mean conductance and plea.santness,
F(l,32) - 30.09. The materials in this .set tended to have fewer pleas-
ant, high-arousal materials, creating an imbalance that produced an
artifactual a.ssociation between conductance and valence.

Because interest was related to both arousal and valence, it
is not surprising that associations with all physiological measures
were found when pictures were reranked (within subjects) by
interest. However, rated interest was secondary to valence in
forecasting facial muscle and heart rate responses and second-
ary to arou.sal in predicting conductance response. Initially mar-
ginal linear trends (ps < .08) for both facial action measures
were attenuated when covarying for valence ratings at each
interest rank. Covarying valence at interest ranks also nullified
the linear trend for peak heart rate. Interest and skin conduc-
tance were also related, linear F(\,57) =6.11, but adjusting for
arousal at interest ranks nullified this trend.

As with interest, viewing duration was longer for pictures
ranked as most plea.sant and unpleasant relative to neutral,
quadratic f"( 1,56) = 5.87. However, adjusting for arousal at va-
lence ranks nullified this trend. The more reliable relationship
was between viewing time and ranked arousal, F(\,56) = 5.18,
which was unchanged when the analysis was repeated, covary-
ing for valence.

As might be anticipated on the basis of the arou.sal-viewing
time relationship, skin conductance respon.se was the only phys-
iological measure that related to viewing time picture ranks, lin-
ear F(l,56) = 13.32. Given parallel relationships of rated interest
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and viewing time to dimensional affective judgments, it is not
surprising that interest ratings increased linearly with ranked
viewing time, F(l,56) = 42.51, dimensional r = .79 (Figure 2,
lower right panel).

Factor Analysis
To assess the overall pattern of affective picture response, eval-
uations (valence, arousal, interest), facial respon.ses (corrugator,
zygotnatic), visceral reactions (peak heart rate, skin conduc-
tance), and viewing duration were factored into principal com-
ponents, using varitnax rotation (orthogonal solution). Means
for all eight response measures for each of the 42 pictures were
entered in this analysis. (Thus, individual pictures —rather than
subjects — formed the unit of analysis. All data, excluding emo-
tion judgments, constituted the input data file.) A two-factor
solution was achieved, with the factors suggesting labels of
Valence (pleasure) and Arousal (accounting for 36% and 31<%
of variance, respectively) (Table 1). Eacial expression and peak
heart rate are closely allied with the Valence factor, whereas
skin conductance (orienting?) and measures of attention (inter-
est ratings and viewing time) relate primarily to the Arousal
factor.

Two facets of the measures related to Factor 2 deserve note.
First, the loading of skin conductance on Factor 2 is twice that
of its Factor 1 loading, providing further evidence that conduc-
tance is primarily an arousal variable. Second, interest and view-
ing time —whose loadings are similar on Factor 2 but in opposite
directions on Factor 1 —rule out a purely attentional interpre-
tation of these dependent measures. Mean interest ratings and
viewing times were significantly related across pictures, r = .50,
whereas pleasant stimuli as compared with unplea.sant stimuli,
tended to evoke higher interest ratings but shorter viewing times.
This dissociation suggests that attention is not a unitary behav-
ioral di.sposition within this proce.ssing context.

Specific Emotions
In the second presentation of the pictures, the subject selected
the emotion best describing her/his experience. Forced-choice
selection was beneficial because it encouraged subjects to report
only experiences of which they were confident but restricted vari-
ation in the incidetice of emotion reports. Thus, two different
strategies were used to assess these data: analysis by pictures and
analysis by subjects.

Analysis by pictures. Each emotion was defined by two pic-
tures that were reliably labeled across subjects. For the disgust
category, mutilated faces (lAP nos. 300, 301) were judged dis-

Tablc 1, Sorted Loadings of Dependent Measures
on Principal Cotttponenis

Measure Factor 1 (Valence) Factor 2 (Arousal)

Valence ratings
Corrugalor
Peak heart rate
Zygomatic
Arou.sal ratings
Interest
Viewing time
Skin eonduetanee

.86
-,85

,79
.58
,15
.45

-.27
-.37

-.00
.19

-.14
.29
,83
.77
.76
.74

Note: Bold print highlights the factors having the highest loadings for
each variable.

gusting by 72''7o and 79% of subjects. Household items (IAPS
nos. 700, 701) were reliably described as neutral (97%, 90%).
Because pictures judged as happy differed in at̂ ousal, two types
of happy contents were analyzed. Smiling babies (evoking nur-
turance; IAP nos. 204 and 205, both judged happy by 90%
of subjects) was the first subcategory. The second subcategory
was defined by more arousing opposite-sex erotic stimuli, which
were less reliably selected as happy (men: IAP nos. 418 and 421,
averaging 78%; women: IAP nos. 450 and 452, averaging 52%).
The best fear-evoking pictures were a snake and an aimed pis-
tol (IAP nos. 111 and 623), with 52% and 72% of the sample
agreeing. The most reliable sadness pictures (IAP no. 914, dead
anitnal, and no. 904, starving child) both had 59% agreement.
No pictures were classified by more than 50% of the sample
as surprising or anger inducing; thus, these categories were
excluded from analysis.

Mean responses for picture-defined emotions are shown in
Table 2. Emotions differed overall in valence, f"(5,3OO) =
234.39, e = .83. Post hoc tests indicated that both of the happy
subcategories were equally high, and that disgust and sadness
were equally unpleasant. Emotions al.so varied in arousal level,
F(5,3OO) = 61.25, t = .79. Frightening, erotic, and disgusting
materials produced the highest arousal ratings. Sadness- and
nurturance-evoking pictures were rated less arousing, whereas
neutral pictures were rated significantly lower in arousal than
were pictures in all other emotion categories.

Corrugator response varied across emotions, f (5,300) =
9.98,6 = .74, in a way similar to that of valence ratings. Post
hoc tests indicated that disgust and sadness yielded greater cor-
rugator activity than all except neutral pictures. Happy/nurtur-
ant pictures prompted corrugator relaxation and differed from
all except frightening pictures. Zygomatic activity also differ-
entiated emotions, F(5,3OO) = 6.46, t = .68, but was less spe-
cific than corrugator response. Nurturant pictures yielded
greater zygomatic response than did pictures in all other emo-
tion categories, and there were no other significant differences.

Emotions were discriminated by heart rate responses,
F(5,3OO) = 2.78, e = .85, which covaried roughly with valence
ratings. Disgusting and saddening pictures evoked equivalent
heart rate changes that were significantly less than the larger
responses prompted by all other pictures. No other differences
were present. Electrodermal response varied significantly over
emotion categories, F(5,3OO) = Il.CX), e = .87, and generally
followed arousal ratings. Neutral pictures prompted less elec-
trodermal activity than did all other pictures. Disgust stimuli
had significantly higher conductance response than did all other
emotions. Consistent with arousal ratings, erotic pictures elic-
ited significantly greater conductance response than did nurtur-
ant pictures.

Analysis by subjects. Subjects who selected the five emotion
categories listed above at least once were included in this anal-
ysis (n = 38); each subject's mean response to all pictures rated
as evoking that emotion was used in the analysis. There was a
roughly uniform frequency for ratings to fall into happy (n =
378), neutral (n = 369), and ail unpleasant emotion categories
(disgust, n = 124; fear, n = 142; sadness, « = 81; anger, n = 52;
total, n =• 399), whereas surprise (which tended be affectively
bivalent) received 68 ratings.

Only corrugator activity discriminated well among emotions,
F(4,144) = 3.66, « = .77, generally following the pattern ob-
served in the analysis of valence ratings, F(4,144) = 152.82,
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Table 2. Evaluative,

Emotion category

Disgust
Sadness
Fear
Neutral
Happy/erotic
Happy/nurturant

Facial, Visceral,

Valence
(0-29)

3.4"
7.9'

14.3"
23.3"
25.6"

Tukey critical difference 2.5

and Behavioral Responses for Specific

Arousal
(0-29)

20.4'
12.7"
22.6"

5.2^
21.2"
15.9"

3.3

Emotional

Dependent measure (response

Corrugator
(AliW)

0.97'
0.97"
0.07""'
0.44»"
0.16"'-

-0.47' '

0.66

Zygomatic
(AMV)

0.54"
-0 .14"

0.16"
0.36"
0.59"
1.62"

0.92

HR
(Abpm)

1.5"
1.8"
4.4"
4.2"
3.8"
5.4"

3.6

States (Defined

scale)

SCR
(log ^S)

0.40"
0.28"'
0.27"'
0.16''
0.31""
0.20"'

0.10

P.J.

by Slides)

Interest
(0-29)

14.7''
15.0'
16.3"''
4.7''

21.3"
17.9"
2.6

Lang el al.

Viewing time
(s)

5.01""
4.18"'
4.17""^
3.43'-'
6.19"
4.52"''
1.47

Note: Emotions without common letters are significantly different {p < .05), HR = heart rate; SCR = skin conductance responses.

( = .56. Neither zygomatic respon.se nor cardiac acceleration
varied significantly across emotion categories. Conductance
respon.se, F(4,144) = 6.17, f = .72, and arou.sal, F(4,144) =
18.75, ( = .87, differentiated emotions —with disgust prompt-
ing more of each. Overall, this by-subjects analysis generated
a pattern of findings similar to that of the by-picture analysis.
However, the by-subject method was le.ss sensitive, and with the
reduced sample, differences were less often significant.

Individual Differences in Affective Psychophysiology

Gender. Women produced greater mean corrugator response
(0.50 ̂ lV) than men (0.19 AIV) across all pictures, F( 1,60) = 4.91.
Furthermore, almost twice as many women (67%, mean r =
-.40) as men (35%, mean r = —.29) had significant correlations
between valence judgments and corrugator response (Figure 3,
left panel). As with the corrugator, zygomatic activity of women
varied more closely with valence than did that of men. Women
had a significantly larger mean quadratic correlation (r = .36)
than did men {r = .04) between valence and zygomatic tension.
Furthermore, three times more women (76%) than men (26%)
showed significant within-subject covariation (Figure 3, middle
panel). There were no gender differences in concordance be-
tween valence ratings and heart rate acceleration.

Although facial action and valence ratings were closely related
for women, men showed stronger associations among covari-
ates of dimensional arousal. The skin conductance/arousal lin-
ear trend was slightly steeper for men than for women and fit
slightly better for men than for women. The gender difference
in this linear trend was confirmed statistically, F(l,60) =4.15.
As shown in Figure 3 (right panel), more than twice as many men
(48%, mean r = .32) as women (18%, mean r = . 14) showed sig-
nificant covariation between arou.sal and skin conductance.

The data al.so suggested a stronger linear trend between inter-
est and picture arousal rank for men than for women, F{\,5f>) =
3.97, although this statistic was not significant when the analysis
was repeated with valence as a covariate. This gender difference
was more stable for viewing time. For men, viewing duration
increased with greater reported arousal (r = .56), whereas for
women, viewing time tended to decline with increasing arousal
(r = -.24). This interaction was significant, F(l,56) = 11.24,
indicating a significant linear relationship for men, F(l,27) =
21.19, but not for women.

Similar to the arou.sal-viewing time relationship, the associ-
ation between skin conductance response and ranked picture

viewing time was highly positive for men but not for wotiien,
F(l,56) = 13.32. For men, skin conductance response magni-
tude increased with ranked viewing time, F(l,27) = 8.43, r =
.63, whereas for women it decreased, F(l,29) = 5.49, r = - .55.

Personality measures. For each questionnaire, high and low
groups were defined by scores that fell outside the interquartile
range (ns from 13-17 subjects in each extreme group). In gen-
eral, dimensional relationships between affective evaluation and
physiology, and viewing time and reports of interest did not sig-
nificantly vary with personality measures. Only analysis of the
extreme anhedonia groups (interquartile cutpoints = 5, 13) pro-
duced results at odds with this conclusion. Many more low an-
hedonics (69%) had significant valence/corrugator correlations
than did high anhedonics (29%), suggesting that subjects less
able to experience pleasure may not generate the close valence-
corrugator association depicted in Figure 2.

Previously used scale combinations were also explored. Thus,
following Weinberger, Schwartz, and Davidson (1979), Manifest
Anxiety (MAS) and Crowne-Marlowe (MC) scales were used
to define three groups —/ow anxious (MAS < 10, MC < 17;
n = 27), true anxious (MAS a 10, MC < 17; n = 16), and re-
pressors (MAS < 10, MC a 17, n = 15) —which were assessed
for differences on the other questionnaire scores, physiological
responses, and affective ratings. The single significant result
from these analyses was a higher mean on the Neuroticism scale
for subjects assigned to the true anxious group.

Expressive versus sympathetic reactors. Cacioppo et al.
(1992) reemphasized (see Buck, 1979) the importance of discrim-
inating subjects who are emotionally expressive in the facial so-
matic system (externalizers) and subjects whose reactions are
primarily sympathetic (internalizer.'i). The.se authors also defined
a new subgroup with clear responses in both systems (general-
izers).

In this experiment, .somatic expressiveness and sympathetic
reactivity were defined by physiological measures shown here
to be most reliably a.ssociated with affective reports. Expressive-
ness was defined by the correlation (for individual subjects) be-
tween valence ratings and corrugator respon.se; sympathetic
activation was defined as the correlation of arousal ratings
with electrodermal respon.ses. Thus, each correlation indexes
monotonic reactivity in a physiological system (i.e., somatic or
sympathetic) in relation to affective evaluation, with high cor-
relations indicating greater physiological response to pictures re-
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ported to be more intensely evocative of emotion. These
correlations (cutpoint |r| = .37) were used to factor subjects into
four groups: Externalizers (high expressive, low sympathetic;
n = 22), Internalizers (low expressive, high sympathetic; n= 11),
Generalizers (high on both dimensions; n = 9), and Discordant
Responders (low on both dimensions; n = 22). Table 3 lists mean
physiological reactions for each group based on each subject's
most unpleasant picture and most arousing picture. Subjects
who were concordant in either facial muscle or conductance
response also responded with greater amplitude than other sub-
jects to highly rated stimuli.

For each measure, a 2 (high, low expressiveness) x 2 (high,
low sympathetic) x 2 (gender) ANOVA and a planned compar-
ison of Discordant Responders and High Generalizers was per-
formed. No group differences were found for personality or
behavioral measures. However, a subject's disposition to vivid,
imagi.stic thinking was related to the extemalizer-internalizer dis-
tinction (Table 3). Thus, QMI scores indicated better imagery
for high than low sympathetic reactors, F(l,50) = 5.73.'' Fur-
thermore, more expressive subjects tended to be better imagers
than did less expressive subjects, F(l,50) = 3.05, p < .09, and
Generalizers were better imagers than Di.scordant Responders,
F(l,25) = 6.29. No interactions were significant in these
analyses.

Discii.ssion

The central hypothesis examined in this experiment is that emo-
tional response is organized along two strategic dimensions of
affective valence and arousal (cf. Osgood et al., 1957; Russell,
1980). Valence and arousal represent primitive motivational
parameters, integrated in subcortical brain centers, that define
both a general disposition to approach or avoid stitnulation and
the vigor of the directional tendency (cf. Hebb, 1949; Konor-
ski, 1967; Lang, Bradley, & Cuthbert, 1990, 1992). Because
judgments of pleasure and arousal reflect (in part) this motiva-
tional imperative, a correlation between brain state and evalu-
ation is postulated. Facial displays and visceral mobilization are
al.so assumed to be modulated by the same motivational systems,
l-urthermore, during actual threat or appetitive stimulation, as-
sociated instrumental behaviors are activated to advance the.se
avoidant/defensive or appetitivc/consummatory .strategies. Spe-
cific emotions (e.g., fear, anger, joy) are viewed here as sub-
ordinate organizations of behavior, construed as patterns of
responses to specific subsystems (e.g., sexual or alimentary) or
tactical alternatives protnptcd by the same motivational context
(e.g., aggressive defense or fearful Ilight in response to an aver-
sive stimulus).

In the perceptual context studied here, the fundatnental re-
lationships between evaluations and physiological measures pre-
dicted above were confirmed. Facial tnuscle activity closely
paralleled judgments of affective valence, with the greatest cor-
rugator activity associated with rated displeasure and the high-
est zygomatic activity associated with pleasure. However, skin
conductance responses were strongly related to judged arousal.

Table 3, Mean Imagery Scores (QMI) and Facial Muscle
and Skin Conductance Responses of Somatic Reactive
and Sympathetic Reactive Subject Groups

Group

Generalizers
Externalizers
lntcrnali/ers
Discordant subjects

QMI

66
78
75
92

Affective response to the most:

Unpleasant slide
(corrugator EMG)

1.66
1.58

-0.03
0.77

Arousing slide
(SCR" magnitude)

0.49
0.25
0.44
0.34

'Because men showed higher arousal/conduetance correlations, it
might be speculated that this effect arose because men tended to be good
imagers. However, men in this sample reported poorer imagery ability.
/• (1,50) = 3.89, p = .053, suggesting that the relationship between .sym-
pathetic activation and imagery ability is unlikely to be an artifact of
gender.

Note: Somatically expressive subjects (i.e.. Generalizers and External-
izers) had significantly larger corrugator responses than did other groups,
F( 1.60) = 6.32. p < .02: visceral reactors (i.e., Generalizers and Inter-
nalizers) tended to have greater conductance levels, f(l,60) = 3.46.
p = .06. Good imagery ability (Indexed as lower QMI scores) was asso-
ciated with greater concordance between sympathetic/somatic responses
and affective reports.
"SCR = skin conductance response.

In an analysis including all measures, two factors were clearly
defined: (a) an affective Valence factor based on facial muscle
responses, heart rate, and pleasantness judgments, and (b) an
Arousal factor, consisting of skin conductance response, view-
ing time, and judgments of interest and arousal.

Picture System Anaiysis and the Organization
of Emotional Perception
A second goal of this experiment was to establish a picture per-
ception methodology for studying emotion. The results show
that looking at pictures prompts similar affective reports across
technical variants of the SAM rating measure (i.e., computer-
ized or pencil-paper version) and induces reliable psychophys-
iologicai responses across different .samples of subjects. Identical
patterns of covariation between judgments and response were
obtained as in Greenwald et al. (1989), and a subset of 11 pic-
tures u.sed in both studies was found to elicit reliable affective
ratings and facial muscle responses. Although somewhat lower,
reliability coefficients for visceral reactions in the replication
set (especially skin conductance) were substantial. All of these
affective measures provide stable estimates of picture response.

The array of picture ratings in this experiment reflects the
distribution of the larger set of 240 pictures comprising the
International Affective Picture System. In creating the IAPS,
an effort was made to cover the full range of affective reactions.
Thus, the distribution described here may approximate the
intrinsic structure of a two-dimensional (i.e.. Valence x Arousal)
space defined by representational photography. Pictures are not
distributed equally in the space (Figure 1); rather, as rated pleas-
antness or unpleasantness increases, so does rated arousal. The
density of the ratings distribution suggests two axes that are sim-
ilar to Watson and Tellegen's (1985) dimensions of positive and
negative affect, except that here these dimensions do not pass
through the center of the affective space. The pattern is also
consistent with the notion of two basic motivational systems
(Konorski, 1967; Lang et al., 1990, 1992), in which arousal re-
flects the intensity of either an appetitive or aversive disposition.

Attention and Emotion
Looking at pictures is an aesthetic task in which the subject
engages willingly and probably less strongly activates basic appe-
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titive and defensive motives than life's "real" transactions. Thus,
the extent to which physiology and behavior reflect simple atten-
tion or orienting, independent of emotion, is a pertinent issue.
Factor analysis of picture responses revealed communality
among viewing duration, interest and arousal judgments, and
skin conductance response. In the present context, these mea-
sures (assuming moderate arousal) could be estimates of the
orienting response —the degree to which a picture engages
attention.

Orienting theory (Sokolov, 1963) holds that intense stimuli
prompt a defensive reaction. Assuming the validity of this view,
the data suggest that no stimuli u.sed here (even traumatic muti-
lations) evoked a reliable defensive reaction across subject: that
is, subjects did not generally "shut down the cortical analyzers"
to avoid unpleasant stimuli. In fact, looking time increased with
arousal for both pleasant and unpleasant pictures. In addition,
the relatively large conductance and cardiac decelerative responses
observed here for highly unpleasant pictures suggest, by all tra-
ditional accounts (e.g., Graham & Clifton, 1966; Libby et al.,
1973), that these pictures prompted orienting activity.

Clearly, the absence of a defen.se response does not represent
a limitation of the picture perception methodology, because it
has been found in bighly fearful subjects. For example, Klor-
man, Weissberg, and Wiesenfeld (1977; .see also Hare, 1973)
found cardiac acceleration in response to mutilation pictures
in mutilation phobics. Similarly, Hamm, Globisch, Cuthbert,
and Vaitl (1991) reported greater heart rate acceleration, shorter
viewing times (i.e., behavioral avoidance), and greater startle
reflex potentiation for small animal and blood phobics viewing
pictures (many from the lAPS) that were phobia related. Thus,
pictures can be sufficiently intense to yield avoidant responses
in fearful subjects. The absence of a defen.se response obtained
here with an unselected sample is expected, because the major-
ity of the subjects were not inten.sely frightened by the pictured
contents.

For nonfearful subjects, viewing pictures is an aesthetic task,
and there appears to be a close a.ssociation between attention and
etnotion, such that more arousing stimuli are more intensely per-
ceived. Bradley et al. (1992) recently determined that the affec-
tive intensity of a picture percept determines its memorability.
Using lAPS picture materials, Bradley et al. showed that mem-
ory was better for pictures rated as highly arousing, irrespective
of emotional valence. This effect is consistent with the findings
of Gold and McGaugh (1975), who experimentally manipulated
brain arousal level in animal subjects (by chemical or electrical
intervention) and demonstrated better retention of training stim-
uli with moderate arou.sal increa.ses. Interestingly, these same re-
searchers have also ob.served poor memory when very high levels
of arousal are induced, which is consistent with the psychophys-
iological notion oi stimulus rejection (Lacey & Lacey, 1970) and
its implications for poorer learning (Sokolov, 1963). These data
suggest that the effect of high arousal on memory performance
might not be obtained in pathologically fearful subjects when
picture viewing includes traumatic contents related to the sub-
ject's phobia.

Specific Emotions
Like the arou.sal dimension, affective valence controlled a large
array of response measures in this experiment. There was strong
evidence that directional motivation is highly discriminable at
all levels of affective intensity. In the aesthetic domain, we are
as a sp)ecies equally interested in tragedy and comedy, in "slasher

movies" and love stories. Furthermore, despite the parsimony
of the dimensional view in accounting for the.se results, the.se pic-
tures elicited tactical facial patterns identified with specific emo-
tions (from Duchenne |1876] to Eknian et al. [1972] and Izard
[1977]). For example, the quadratic (more so than linear) trend
between pleasure judgments and zygotnatic tension appears to
be a function of a specific emotion pattern. As seen in Table 2,
a subject's most unpleasant stimuli were often pictures of muti-
lated bodies, which were labeled disgusting and tended to produce
a facial grimace, as indicated by the slight increa.se in zygomatic
activity for pictures rated at the unplea.sant end of the valence
continuum. Increased corrugator response was also associated
with stimulus unpleasantness. Nevertheless, unpleasant pictures
described 2,^ fearful showed smaller corrugator responses than
their relatively low pleasure ratings predicted. Relaxation of the
corrugator muscle is, of course, characteristic of the fear face.
Furthermore, facial action also significantly discriminated sub-
types of happiness, that is, nurturance (moderate corrugator
decrease, large zygomatic increase) and erotic excitement (mild
to moderate increa.ses at both sites).

Visceral measures also varied by specific emotions yielding
tactical patterns that were determined, at least in part, by the
picture-viewing task. Thus, whereas disgust prompted reduced
heart rate and increa.sed skin conductance respon.se, as was ob-
tained for these emotions in imagery by Levenson, Ekman, and
Friesen (1990), the sadness pattern obtained —a relatively re-
duced heart rate response —was different from their observa-
tions. Furthermore, responses to happy pictures in the current
study were not uniform; skin conductance response magnitude
was significantly greater for erotic pictures than for calmer pic-
tures of happy babies.

Overall, these results demonstrate that facial mu.scle change,
like heart rate, is not always a simple function of valence (nor,
by implication, of the underlying motivational dimensions).
Recent re.search (Lang et al., 1990, 1992) suggests that another
somatic measure may better serve this role. When brief startle
stimuli are presented unpredictably during picture viewing (or
imagery), magnitude of the blink reflex varies linearly with affec-
tive valence: larger blinks are obtained for unpleasant, relative
to pleasant, stimuli. Even when the same disgust- and fear-
inducing pictures used here are included in the stimulus set, the
phenomenon holds. The general view taken here is that the
dimensional and state-specific emotion views are hierarchically
related (cf. Shaver, Schwartz, Kirson, & O'Connor, 1987), with
probe-startle responses assessing the organism's dimensional
strategy (i.e., the basic aversive/appetitive motivational state),
whereas facial configurations vary with the tactical subcatego-
ries of emotion.

Individual Differences
The mo.st reliable individual differences in affective response
to pictures were found for gender. Significantly more women
than men showed concordance between valence judgments and
facial action (both corrugator and zygomatic tension). This
result is consistent with previously observed gender differences
in facial action during emotional imagery (Schwartz et al., 1980)
and may be related to the richer social communication patterns
of women. Conversely, men showed significatitly greater con-
cordance among arou.sal-related indices, showing a closer asso-
ciation between skin conductance re.sponse and viewing time and
a greater prevalence of the relationship between arousal reports
and conductance magnitude. Similar gender-specific conduc-
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tancc results have been noted by other investigators (O'Gortnan,
1983). It is not clear, however, if this phenomenon reflects
substantive differences in arousal (i.e., tnotivational intensity)
between the .sexes or if the effect is an artifact of differing sweat
gland distributions.

There was almost no association seen here between question-
tiaire estimates of personality/temperament and picture-view-
ing psychophysiology or behavior. Only subjects that reported
less ability to experience pleasure (anhedonics) showed a sug-
gestive effect of a weaker as.sociation between valence judgments
and corrugator tiuiscle response than other subjects. It is pos-
sible that the failure to find personality and tetnperament cor-
relates of picture viewing is, at least in part, a function of the
questionnaires or of the college population's relative homoge-
neity. When this methodology has been applied to special pop-
ulations, however, substantial differences have been observed,
such as the special reactions of phobic subjects to fear-related
pictures. Psychopaths also show a unique response pattern.
Patrick, Bradley, and Lang (in press) reported that, unlike col-
lege students and male prisoners without psychopathology,
incarcerated psychopaths failed to show increases in corrugator
electromyogram responses or startle reflex magnitude when
viewing aversive pictures, even though they rated the stimuli as
sitiiilarly high in unpleasantness. These data support the notion
of a fundamental etnotional discordance characteristic of psy-
chopathy (Cleckley, 1976). When pictures were presented to a
patient who had undergone a right temporal lobectomy, includ-
ing excision of the amygdala, an unusual pattern of performatice
was observed, such that judgtnents of high arousal and increased
electrodermal responses were absent when viewing unpleasant
pictures but were intact for pleasant stitiiuli (Morris, Bradley,
Bowers, Lang, & Heilman, 1991).

Imagery and Picture Perception
The present findings do not support the view that etnotional
tetnperament is related to the internalizer-externalizer dimension,
that is, that the.se response patterns are reciprocal fortns of emo-
tiotial di.scharge (Buck, 1979; .lones, 1950). This result may be
specific to the ae.sthetic context studied here. However, in this
college sample, a cognitive attribute-imagery ability-was
tneaningfully related to both expressive styles. An association
was detnonstrated between a subject's disposition toward vivid
cognitive images, and physiological reactivity and the concor-
dance between that reactivity and reported emotional intensity.
Thus, subjects whose electrodertnal responses to arousing pic-
tures were high also reported frequent, vivid mental imagery.
A similar imagery effect was previously observed in subjects
responding to emotional texts (Miller et al., 1987). "Good"
imagers showed larger visceral responses (including skin conduc-
tance) while imagining fear- and anger-inducing scenes than did
subjects reporting poor imagery ability.

In this study, good imagers also tended to be more facially
expressive (i.e., externalizers) than poor imagers. Furthertnore,

when subjects were grouped by visceral versus somatic expres-
siveness, generalizers (i.e., subjects reacting highly in both sys-
tems) had the best imagery scores. Fridlund (1991) argued that
facial expression (i.e., smiling) during emotional perception is
due to coincident mental imagery, in which a subject visualizes
a coviewer present in the experimental situation. He then sug-
gested that measured facial actions are implicit social responses
arising from communication with the imagined viewer. Although
Fridlund's hypothesis is not inconsistent with the relationship
between imagery ability and facial expressiveness obtained here,
it is somewhat less satisfactory in accounting for the (even
stronger) association found here for visceral reactivity. The bio-
informational model of emotion (Lang, 1979, 1984) provides a
broader framework that better accommodates these results.
Emotions are held to be networks of information —stimulus, re-
sponse, and semantic concepts-linked by association. This in-
formation structure is activated when retrieval cues match stored
concepts, leading to activation of response codes and associated
action programs. The input cues can be actual events, memo-
ries, or media inputs, such as language descriptions, sounds, or
pictures. Presumably, media presentations match network con-
tent less well than true events, reducing the probability of general
activation. Subjects who report good imagery ability, however,
appear to have cognitive systems in which network access de-
pends on fewer matching input stimuli. Thus, a disposition
toward vivid imagery facilitates large, context-appropriate re-
sponses regardless of how affective experience is cued — by text-
prompted imagery or by picture viewing. To the extent that the
network includes both facial and visceral efferent codes, these
responses would be potentiated for good imagers.

Summary
The picture perception methodology is a productive vehicle for
examining the cognitive psychophysiology of emotion. The
lAPS picture set generates highly reliable physiological and emo-
tion report data. Using these standardized stimuli, it has been
possible to reveal attentional and affective factors in emotional
perception and to isolate a cognitive disposition —imagery abil-
ity—that seems to modulate the intensity of aesthetic/affective
behavior. Preliminary data on the role of specific emotions in
affective perception support the view that affects have unique
patterns of reactivity. The consistency of the dimensional rela-
tionships between evaluations (i.e., pleasure and arousal) and
physiological responses, however, emphasizes that emotion is
fundamentally organized by these motivational parameters.
Measures of affective valence or arousal were successful predic-
tor variables for response systems sampled in the current para-
digm, as they were in other studies of memory performance
(Bradley et al., 1992). Taken together, these data highlight the
broader organizational role of underlying appetitive and aver-
sive motivational systems in emotion, showing the generality of
.system effects, elucidated here in the context of visual per-
ception.
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