
Ventromedial Frontal Lobe Plays a Critical Role in
Facial Emotion Recognition

Andrea S. Heberlein1,2, Alisa A. Padon1, Seth J. Gillihan1,
Martha J. Farah1, and Lesley K. Fellows1,3

Abstract

& The ventromedial prefrontal cortex has been implicated in a
variety of emotion processes. However, findings regarding the
role of this region specifically in emotion recognition have been
mixed. We used a sensitive facial emotion recognition task to
compare the emotion recognition performance of 7 subjects
with lesions confined to ventromedial prefrontal regions, 8
subjects with lesions elsewhere in prefrontal cortex, and 16
healthy control subjects. We found that emotion recognition
was impaired following ventromedial, but not dorsal or lateral,
prefrontal damage. This impairment appeared to be quite gen-

eral, with lower overall ratings or more confusion between all
six emotions examined. We also explored the relationship be-
tween emotion recognition performance and the ability of the
same patients to experience transient happiness and sadness
during a laboratory mood induction. We found some support
for a relationship between sadness recognition and experience.
Taken together, our results indicate that the ventromedial
frontal lobe plays a crucial role in facial emotion recognition, and
suggest that this deficit may be related to the subjective ex-
perience of emotion. &

INTRODUCTION

The neurobiology of emotion is a topic of growing in-
terest. Recent neuroscientific studies have investigated
emotional memory (reviewed in LaBar & Cabeza, 2006;





on specific emotions because these expressions are
inherently harder to recognize—for example, normal
subjects generally have more difficulty recognizing fear



lateral frontal brain damage, and to demographically
matched healthy control subjects. The task we used
features morphs between an emotionally neutral face
and an emotional expression posed by the same indi-
vidual (Adolphs & Tranel, 2004; Adolphs, Jansari, &
Tranel, 2001; Jansari, Tranel, & Adolphs, 2000). These
morphs are significantly more difficult to identify than
fully posed emotional expressions ( Jansari et al., 2000);
further, the specific morphs we used were chosen
because they are recognized at levels between floor
and ceiling by normal subjects. In addition, this task
requires participants to rate each face on scales for the
presence of all of the basic emotions tested. This rating





target emotion and by ratings of all five of the other emo-
tions. It allows for the normal phenomenon of the confus-
ability of certain emotions: For example, normal subjects
detect some degree of sadness in the experimenter-
defined ‘‘angry’’ stimuli. The correlation measure captures
the degree to which those with frontal damage detect a
given emotion across all stimuli, compared to the con-
trol group. These correlations were Fisher z-transformed,
and all groupwise comparisons were carried out on the
transformed correlations. We compared the average cor-
relations for each group (VMF and D/LF), both across all
stimulus ratings and for each emotion stimulus category
separately.

Correlations with Experience Measures
(Happiness and Sadness)





(i.e., across all columns within Figure 3), average Z-
transformed correlations with the CTRL group were



contrast, VMF participants showed more general confu-
sion for all six emotions tested, and showed different
confusion patterns in some cases than did the other two
groups. Nonetheless, at the highest morphed intensity
level, four of the six emotions were rated most highly on
the correct emotion by VMF group; such damage de-
grades, but does not obliterate, the ability to recognize
emotion.

Correlations between Recognition and
Experience: Dispositional Affect

Using Z-transformed correlations with CTRL ratings as a
normalness measure, we tested for relationships be-
tween emotion recognition performance and disposi-
tional affect as measured by the PANAS. None of the
correlations between emotion recognition performance
and corresponding trait affect measures (i.e., PA with
happiness recognition and NA with sadness recogni-
tion, tested separately within each of the three subject
groups) were significant. The only correlation which
approached significance was between PA and happiness
recognition in the D/LF group (Spearman’s



emotional faces, but two others, both with left-sided
damage, were normal. Because our study was not de-
signed to address the role of this region, we are not able
to draw definitive conclusions based on our data, beyond
the observation that IFG damage does not play an oblig-
atory role in emotion recognition from facial expressions.

DISCUSSION

Emotion Recognition Measures

As a group, VMF subjects, but not subjects with D/LF
damage, were impaired at recognizing emotions from
facial expressions, as measured by a sensitive test of facial
emotion recognition. This deficit was observed both in
groupwise analyses of mean ratings across different in-
tensities of emotion expression, and in the correlations of
ratings given by members of each patient group with the
mean ratings of the healthy control group.

VMF damage affected recognition of all emotions stud-
ied, although the extent of detectable impairment varied
by emotion. VMF subjects rated both afraid and surprised
faces as less intense, across emotions rated, than did
controls or those with D/LF damage. Comparisons of
ratings given to neutral faces indicated that these results
were not due to baseline biases, or to different general
response sets between the groups. The more sensitive
correlation measure, which takes into account the ability
to detect parametric changes in emotional intensity as
well as the extent to which confusion across emotions
parallels that seen in normal controls, suggests that VMF
deficits in emotion recognition are pervasive: D/LF ratings
of the faces were better correlated with control ratings
than were VMF ratings across all emotions. VMF group
diverged from the controls most for disgusted and sur-
prised faces. However, the D/LF group’s comparatively
lower scores on those stimuli and comparatively higher
scores on angry and happy faces resulted in the greatest
differences between D/LF and VMF scores on happy and
angry faces.

Because the mean difference and correlation analyses
addressed different aspects of subjects’ ability to derive
information from emotional faces, they both are infor-
mative: Subjects with VMF lesions perceive emotion
abnormally when the cues are fearful, sad, disgusted,
or surprised faces. VMF group had lower mean intensity
ratings of fearful and surprised faces than did controls,
and VMF group’s ratings of disgusted and surprised faces
were very poorly correlated with the ratings given by



deficits. This relationship was evident only in their
subjects with dorsomedial prefrontal/anterior cingulate
damage; other patient groups showed effects on one or
the other measure, but not both (demonstrating that
recognition and experience deficits after frontal lobe
damage are dissociable). This experience measure is
closer to the PANAS scores that we measured, and dif-
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