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ABSTRACT
Emotion regulation is an ability that humans engage in throughout their lives.
Disruption in this ability due to brain injury can have devastating consequences on the
ability to function adaptively in complex environments. It has been observed that
damage involving certain areas of the prefrontal cortex (PFC), including the ventromedial
PFC (VMPFC), can result in long-lasting impairments in real-world emotional and
behavioral functioning. However, the specific areas of the PFC that are critical for the
ability to regulate emotion have not been identified. The primary aims of this project
were to identify areas of the PFC that are important for the regulation of emotion, and to
determine the degree to which impairments in emotion regulation may contribute to realworld dysfunction following damage to the PFC. To address these aims, emotional
regulation and real-world functioning were examined in a sample of patients with focal
PFC lesions.
Damage involving the VMPFC appeared to have limited impact on the ability to
voluntarily regulate emotion. It was also observed that damage to PFC regions outside
the VMPFC was associated with reduced ability to overcome distraction by salient
emotional stimuli, compared to VMPFC damage. However, analyses of lesion volume
showed that more extensive damage involving the VMPFC was associated with greater
emotional distraction, suggesting one form of emotional dysregulation that may result
from damage to the VMPFC. In addition, it was found that brain damage in general was
associated with impairments in real-world functioning, though PFC damage was not
associated with more striking impairments compared to damage outside the PFC. These
findings suggest that damage involving certain PFC regions can disrupt the ability to

2
effectively regulate emotion. The results from this project also suggest that laboratory
measures of emotion regulation may help in predicting real-world dysfunction following
brain damage.
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CHAPTER 1
INTRODUCTION

1.1. Emotion Regulation
Emotion regulation has been broadly defined as “the initiation of new, or the
alteration of ongoing, emotional responses through the action of regulatory processes”
(Ochsner & Gross, 2005, pp. 242-243). These regulatory processes may be recruited
voluntarily (i.e., consciously and deliberately) or without conscious awareness to
enhance, reduce, or maintain an emotion (Mauss et al., 2007). They may also occur in
response to stimuli with innate (e.g., the unconditioned response to an electric shock) or
learned (e.g., a conditioned fear response or stimulus-reward association) emotional
properties. The ability to regulate emotion enables humans to maximize the experience
of positive emotions in their lives while limiting the impact of negative emotions and
plays an essential role in allowing humans to adapt to their surroundings, while
dysregulation of emotion has been viewed as a key component in many forms of
psychopathology (Davidson, 2000; Machado & Bachevalier, 2003).
Despite its importance, however, there continues to be a lack of consensus
regarding how to define emotion regulation as a scientific construct. For example, the
ability to regulate emotion has been discussed in the psychological literature as a
personality trait that varies across individuals, though it has also been described as an
ability that can fluctuate within an individual and may be influenced by daily activities
such as sleep and exercise. Furthermore, emotion regulation is often not clearly
differentiated from the generation of emotion or from the related construct of inhibition
(Gross & Thompson, 2007; Lewis & Stieben, 2004). On the one hand, inhibition has
been discussed as a regulatory process that plays a critical role in the development of
emotion regulation and allows for flexible generation and suppression of an emotion
(Campos, Frankel, & Camras, 2004; Hoeksma, Oosterlaan, & Schipper, 2004; Nigg,
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2001). It has also been observed that individual differences in temperamental inhibition
are closely related to the ability to regulate one’s emotions (Kochanska, Murray, &
Harlan, 2000; Rothbart & Ahadi, 1994). However, despite its prominence in the study of
emotional regulation, it is clear that the regulation of emotion is not limited to inhibition,
but rather encompasses a broad range of strategies that may be adopted to increase,
decrease, or maintain a target emotion before or after it has been generated (Gross, 1998;
Parrott, 1993).
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CHAPTER 2
PREVIOUS STUDIES OF EMOTION REGULATION

2.1. Background
The study of emotion regulation has been conducted using a variety of research
tools and across a wide range of populations. Much of the work that has been carried out
on this topic has involved the use of behavioral and psychophysiological measures. In
recent years, the study of emotion regulation has been strengthened through the
development of neuroscience techniques that have allowed for a better understanding of
what brain areas may be important for regulating emotion. This chapter provides a brief
overview of some of the relevant work that has been done in this field.

2.2. The Physiological Correlates of Emotion Regulation
2.2.1. Affective Startle Modulation
The acoustic startle reflex is a rapid response to a sudden, intense auditory
stimulus and is characterized by a series of defensive behaviors (Koch, 1999). Landis
and Hunt (1939) used a pistol shot to elicit the startle reflex in human subjects and using
high-speed photography, were able to delineate the behavioral components of this reflex.
Briefly, the reflex is comprised of a series of rostral to caudal flexor movements that
include closure of the eyelids, facial grimacing, flexion of neck muscles, contraction of
shoulder and back muscles, and flexion of the leg muscles. While animal studies of the
startle reflex generally examine the whole-body response, the earliest and most stable
element in this sequence is the eyeblink. For this reason, research in humans has
typically relied on measurement of this component of the startle response (Lang, 1995),
which can be readily measured using electromyographic (EMG) recordings of activity in
the orbicularis oculi facial muscles. Beginning with the work of Davis and colleagues
(Davis, Gendelman, Tischler, & Gendelman, 1982), the neural circuitry underlying the
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startle reflex has been studied extensively in animals, and it is believed that a
homologous pathway mediates the reflex in humans. While there has been some
disagreement concerning the relative importance of some brain structures in producing
this reflex (Koch & Schnitzler, 1997), it is generally agreed that this circuit involves
synapses onto (1) cochlear root neurons, (2) neurons in the nucleus reticularis pontis
caudalis, and (3) motor neurons in the facial motor nucleus or spinal cord (Lang, Davis,
& Öhman, 2000).
Almost two decades ago, it was observed that the startle reflex can be modulated
by emotional experience (Vrana, Spence, & Lang, 1988). In particular, the magnitude of
the reflex is generally enhanced by the experience of negative emotions, while it is
typically suppressed by positive emotions. In animals, it has been observed that lesions to
the amygdala block fear-potentiated startle (Hitchcock & Davis, 1991), while amygdala
stimulation increases the startle reflex (Rosen & Davis, 1988). Based on such findings, it
is widely believed that the amygdala mediates the potentiation of the startle reflex by
negative emotion (Angrilli, et al., 1996; Buchanan, Tranel, & Adolphs, 2004), which may
occur through a direct connection between the amygdala and acoustic startle pathway at
the level of the nucleus reticularis pontis caudalis (Koch & Ebert, 1993; Rosen,
Hitchcock, Sananes, Miserendino, & Davis, 1991). There is some evidence that the
mesolimbic dopamine pathway may underlie the attenuation of the startle reflex by
pleasant emotion (Koch, Schmid, & Schnitzler 1996), though additional studies are
needed to clarify the neural basis of this phenomenon.
Further work has established emotion-modulated startle as a widely replicated and
robust finding both in animals and in humans (Koch, 1999; Lang, Bradley, & Cuthbert,
1990) that can be demonstrated using a variety of emotionally arousing stimuli (Bradley
& Lang, 2000; Vrana & Lang, 1990). The pattern of affective startle modulation
described above also remains despite habituation of the startle reflex more generally
(Bradley, Lang, & Cuthbert, 1993). In addition, because the startle methodology is
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sensitive to affective valence in addition to arousal, it has been used extensively in
combination with the recording of skin conductance responses (SCRs), which only
provides an index of non-specific autonomic arousal. Also, because startle probes can be
presented at different time points during or after presentation of an emotional stimulus,
the startle paradigm can provide information about the time course of an emotional
response (Jackson et al., 2003).
The emotion-modulated startle paradigm has also been used to examine
differences in emotion regulation across a variety of normal and clinical populations.
Although most studies have focused on adults, emotional modulation of the startle reflex
has been demonstrated in children as young as 5 months old (Balaban, 1995; McManis,
Bradley, Berg, Cuthbert, & Lang, 2001). In adults, it has been observed that males tend
to show greater reactivity to pleasant emotionally arousing stimuli, while females tend to
react more strongly to unpleasant stimuli (Bradley, Codispoti, Sabatinelli, & Lang, 2001).
Emotion-modulated startle has also proven to be a useful tool in the study of emotional
dysfunction in psychopathology. For instance, a few studies to date have examined
emotion-modulated startle in children and adults with autism (Bernier, Dawson,
Panagiotides, & Webb, 2005; Salmond, de Haan, Friston, Gadian, & Vargha-Khadem,
2003). Interestingly, both studies found no differences in startle modulation in autistic
individuals compared to normal healthy subjects. Although these findings are surprising,
given the putative role of the amygdala in startle modulation, it should also be
emphasized that the involvement of this structure in autism is not well understood at
present. It has also been reported that individuals who are diagnosed with or at risk for
anxiety disorders exhibit enhanced startle responses (Grillon & Baas, 2003). Patrick,
Bradley, & Lang (1993) found that incarcerated psychopaths did not show potentiation of
the startle reflex during viewing of unpleasant pictures, even though these individuals did
not differ from normal subjects in their subjective ratings of these stimuli. The authors
also reported that this lack of startle potentiation was most pronounced in individuals
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who were rated high on measures of emotional detachment. These findings suggest that
the startle methodology may provide a useful means to examine the contribution of
emotional dysfunction to psychopathology. Finally, a study by Sanchez-Navarro,
Martinez-Selva, & Roman (2005) examined emotional modulation of the startle reflex in
patients with frontal lobe damage. Compared to non-brain damaged comparison
participants, the frontal lobe lesion participants exhibited less modulation of the startle
reflex (by positive and negative emotions), even though these two groups did not differ in
their valence and arousal ratings of the stimuli. A similar study found a similar lack of
startle potentiation to unpleasant emotional stimuli in individuals with traumatic brain
injuries (Saunders, McDonald, & Richardson, 2006). It is worth noting, however, that
the majority of participants in these studies had relatively large brain lesions, limiting the
ability to determine what specific brain areas may be important for affective startle
modulation.
A number of recent studies have also examined the psychophysiological
correlates of voluntary emotion regulation in humans. These studies have demonstrated
that conscious and deliberate attempts to regulate one’s emotions can lead to a variety of
physiological changes, including alterations in eyeblink startle magnitude. Jackson et al.
(2000) examined the impact of voluntary suppression and enhancement of negative
emotion on the startle reflex in healthy adults. The authors found that instructions to
suppress emotional responses to unpleasant pictures led to decreased eyeblink startle
magnitude, whereas instructions to enhance their responses led to increased startle
magnitude. It has also been observed that conscious attempts to increase or decrease
emotion produce similar patterns of startle modulation for both positive and negative
pictures, with increased startle responses during attempts to increase positive or negative
emotion and reduced responses during attempts to down-regulate emotion, irrespective of
valence (Dillon & LaBar, 2005).
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2.2.2. Facial Expressions of Emotion
Previous studies on facial expressions of emotion have found that spontaneous
displays of emotion can be elicited very rapidly, allowing for rapid communication of
information regarding emotional state to others. It has also been proposed that facial
expressions of emotion may serve a feedback role, by providing the brain with
information regarding the emotional state currently being experienced (Dimberg, 1990,
1997). It has been observed that facial EMG activity measured from the corrugator
supercilii facial muscle generally increases as emotional pictures are rated as more
unpleasant. In contrast, activity in the zygomatic major facial muscle tends to increase
while viewing pleasant emotional stimuli, though there is some evidence that zygomatic
activity may be less valence-specific than corrugator activity (Larsen, Norris, &
Cacioppo, 2003). There is also recent evidence of higher test-retest reliability for
measures of corrugator EMG activity during attempts to down-regulate negative emotion,
compared to measures of affective startle modulation (Lee, Shackman, Jackson, &
Davidson, 2009). These findings overall indicate that measurement of facial expressions
of emotion can help to differentiate between positive and negative affective states and
may serve as a valuable tool in the study of emotion regulation.

2.2.3. Autonomic Reactivity
Measures of autonomic reactivity have been frequently adopted in studies of
emotional processing. Skin conductance is widely used to index sympathetic arousal,
with larger skin conductance responses (SCRs) typically observed for highly arousing
stimuli. This measure generally does not differentiate reliably between positive and
negative emotion (Dawson et al., 2007). Heart rate, which reflects sympathetic as well as
parasympathetic activation, appears to be sensitive to changes in both arousal and
valence. In particular, it has been found that viewing arousing pleasant or unpleasant
pictures results in a greater parasympathetically-mediated reduction in heart rate than
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neutral picture viewing (e.g., Bradley, Codispoti, et al., 2001). Deceleration in HR has
been conceptualized as an index of the orienting response and has been related to the
intake of information from the environment. While unpleasant pictures generally elicit a
more pronounced heart rate deceleration than pleasant stimuli, pleasant stimuli tend to
elicit greater peak acceleration (Lang, 1995).
It is also clear that voluntary emotion regulatory attempts can affect autonomic
reactivity. For example, attempts to decrease negative emotion through the suppression
of expressive behavior (e.g., frowning) have been associated with increased sympathetic
arousal and less consistently with decreased heart rate (Gross & Levenson, 1993),
whereas emotion reduction through reappraisal (the cognitive reinterpretation of an event
so as to change its emotional impact) generally does not increase sympathetic arousal
(Gross, 1998). There is also some evidence that the up-regulation of negative emotion is
associated with heightened physiological arousal (Eippert et al., 2007). However, the
regulation of positive emotion (particularly its up-regulation) has received relatively little
attention in psychophysiological studies to date.

2.3. The Neural Systems Supporting Emotion Regulation
Although many studies have examined the physiological and behavioral correlates
of emotion regulation, it is still unresolved to what extent distinct regulatory processes
are involved in the up- and down-regulation of emotion, or in the regulation of positive
and negative emotions (Davidson, Jackson, & Kalin, 2000; Gross, 1998). In recent years,
the application of neuroscience methods to the study of emotion regulation has helped to
shed new light on such unresolved issues. Much of this work has focused attention on
the role of the prefrontal cortex (PFC) in regulating emotion (Davidson, Putnam, &
Larson, 2000; Lewis & Stieben, 2004; Ochsner & Gross, 2005; Quirk & Beer, 2006).
Comprising nearly one-third of the neocortex in humans, the PFC represents the largest
division of frontal cortex, and it is also among the last brain regions to reach full maturity
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(Bourgeois, Goldman-Rakic, & Rakic, 1994; Fuster, 2002). Beginning with Harlow’s
(1868) description of Phineas Gage, it has been observed that damage involving the
ventromedial PFC (VMPFC), which includes ventral and mesial portions of the PFC, can
produce a wide range of emotional and behavioral disturbances, including impulsivity,
heightened emotional reactivity or hypo-emotionality, social disinhibition, and
impairments in decision making (Damasio, Grabowski, Frank, Galaburda, & Damasio,
1994). Remarkably, while such impairments can have an enormous impact on the ability
to function interpersonally and professionally, they often appear in the context of largely
preserved memory, language, and intellectual abilities (Anderson, Bechara, Damasio,
Tranel, & Damasio, 1999; Driscoll, Anderson, & Damasio, 2004; Eslinger & Damasio,
1985).
Such findings from human lesion studies are consistent with functional
neuroimaging data suggesting that orbital and mesial PFC regions serve as a key neural
substrate for emotion regulation. In a recent meta-analysis of functional neuroimaging
studies (Phan, Wager, Taylor, & Liberzon, 2004), the medial PFC was found to be
activated in nearly 50% of studies surveyed across a variety of emotion paradigms and in
response to both positive and negative stimuli, suggesting that this region may serve a
general role in emotional processing, including the experience, evaluation, and regulation
of emotion. Furthermore, the mesial PFC has been implicated in the extinction of
conditioned fear (Phelps, Delgado, Nearing, & LeDoux, 2004; Quirk, Likhtik, Pelletier,
& Pare, 2003) and the conscious modulation of positive (Ohira et al., 2006) and negative
emotions (Harenski & Hamann, 2006; Lévesque et al., 2003; Ochsner et al., 2002, 2004;
Phan et al., 2005). Such findings may be explained in part by the extensive connectivity
known to exist between the VMPFC and other brain structures involved in emotional
processes, such as the amygdala (Adolphs, 1999; Amaral, Price, Pitkanen, & Carmichael,
1992; Brothers, 1996; Cassell & Wright, 1986) and the ventral striatum (Öngür & Price,
2000).
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It has been proposed that emotion regulation may proceed via interactions
between PFC regions implicated in cognitive control (Miller & Cohen, 2001) and regions
believed to be involved in the generation of emotion, such as the amygdala and insula
(Ochsner & Gross, 2008). Consistent with this idea, dorsal frontal regions (e.g.,
dorsolateral PFC, dorsal anterior cingulate cortex) often exhibit increased activation
during cognitive processing and less engagement during the experience of anxiety or
depression (Drevets & Raichle, 1998). This basic model of top-down PFC modulation of
emotion-related regions is also supported by a growing number of studies showing that
PFC activity is reciprocally related to activity in areas like the amygdala and insula
during attempts to down-regulate negative emotion (Ochsner et al., 2004; Urry et al.,
2006). There is also evidence that the PFC may support the up-regulation of positive and
negative emotion by increasing activity in downstream targets like the amygdala and
nucleus accumbens (Kim & Hamann, 2007; Quirk & Beer, 2006; Wager, Davidson,
Hughes, Lindquist, & Ochsner, 2008).
There is evidence that emotional dysregulation may underlie many of the
disturbances in real-world functioning that have been observed in individuals with PFC
damage (Damasio, 1994; Elliott, Dolan & Frith; 2000; Kringelbach & Rolls, 2004).
Consistent with this notion, there is evidence that the orbitofrontal cortex plays a role in
processing socially-relevant emotional cues in our environment, such as recognizing
emotion from faces (Adolphs, 2002; Shaw et al., 2005) and interpreting the meaning of
social and emotional situations (Mah, Arnold, & Grafman, 2005). It has also been
observed that damage in this region can disrupt the experience of self-conscious emotions
(e.g., guilt, shame, embarrassment), which are believed to contribute to the regulation of
social behavior (Beer, Heerey, Keltner, Scabini, & Knight, 2003). Furthermore, there is
strong evidence implicating the VMPFC as a key neural substrate for the regulation of
emotion and behavior.
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Finally, a number of studies have investigated the brain areas that support the
regulation of autonomic responses. There is evidence that portions of the anterior
cingulate (i.e., BA 24 and 32) in particular may play an important role in regulating
autonomic arousal (Critchley, Corfield, Chandler, Mathias, & Dolan, 2000; Critchley et
al., 2003). Functional neuroimaging and lesion studies in humans have also implicated
the VMPFC as a region that may be involved in the representation of electrodermal and
cardiovascular autonomic responses (Critchley et al., 2000; Damasio, 1994; Hilz et al.,
2006). The Somatic Marker Hypothesis proposed by Damasio and colleagues further
posits that the VMPFC plays a critical role in triggering somatic states that help to guide
advantageous decision making (Bechara, Damasio, & Damasio, 2000). Consistent with
this view, patients with damage to this region often exhibit abnormal autonomic
responses to complex emotional stimuli (Damasio, Tranel, & Damasio, 1990), fail to
anticipate future affective consequences (Bechara, Damasio, Damasio, & Anderson,
1994; Roberts et al., 2004), and ineffectively manage their behavior (Anderson, Barrash,
Bechara, & Tranel, 2006; Eslinger & Damasio, 1985). In a recent study (Koenigs &
Tranel, 2007), it was observed that patients with documented impairments in emotion
regulation following VMPFC damage were more likely than comparison subjects to
make irrational economic decisions in situations likely to elicit frustration, suggesting
that emotion regulation processes subserved by the VMPFC play a critical role in normal
decision making. In summary, these findings provide evidence that effective regulation
of emotion and behavior depends on the integrity of the VMPFC. However, while the
emotional dysregulation of individuals with PFC damage has been well documented in
their real-world behavior, it has been less well characterized in controlled laboratory
settings. Such investigation is needed to better understand the emotional disturbances
associated with focal PFC damage and their relationship to the real-world difficulties
faced by individuals with such damage.
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2.4. The Influence of Emotion on Cognition and Behavior
There is considerable evidence that emotion can exert a powerful influence on
thought and behavior. As mentioned above, it has been proposed that emotional
information plays a central role in guiding decisions (Bechara et al., 2000). In addition,
numerous studies to date have underscored the importance of emotion in directing
attention to potentially relevant information in our environment (Öhman, Flykt, &
Esteves, 2001; Vuilleumier, 2005) and enhancing the representation of such information
in memory (Bradley, Greenwald, Petry, & Lang, 1992; Buchanan & Lovallo, 2001;
Kensinger & Corkin, 2004). However, it is also becoming clear that emotional
information can interfere with goal-directed behavior. The ability to suppress certain
forms of behavior when appropriate or to selectively guide one’s attention to relevant
stimuli in the presence of goal-irrelevant distractors allows humans to flexibly adapt their
behavior to changing environmental demands. Lesion and functional neuroimaging
studies have implicated several PFC regions in the implementation of such inhibitory
control, including orbital (Dias, Robbins, & Roberts, 1997; Fuster, 1997; Mishkin, 1964;
Rolls, 1996), dorsolateral (Casey et al., 1997; Shimamura, 1995), and inferior frontal
regions (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003; Garavan, Ross, & Stein,
1999; Rubia, Smith, Brammer, & Taylor, 2003). In recent years, investigators have
begun to focus on how cognitive and emotional processes interact in the brain, which
may lead to a better understanding of the neural systems underlying emotional distraction
and its resolution. One consistent finding that has emerged from this work is that the
suppression of responses to task-irrelevant emotional information while performing a
simple cognitive task (e.g., perceptual judgment, go/no-go, or working memory) is
associated with increased PFC activity, particularly in ventrolateral regions (Bishop,
Duncan, Brett, & Lawrence, 2004; Dolcos, Kragel, Wang, & McCarthy, 2006; Dolcos &
McCarthy, 2006).
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It is also becoming clear that dysfunction in the neural circuitry underlying
emotion can lead to disruption in the regulation of behavior. For instance, the failure to
suppress certain forms of behavior when appropriate or to selectively guide one’s
attention to relevant stimuli in the presence of goal-irrelevant distractors has been viewed
as a prominent deficit in a number of neurological and psychiatric conditions
characterized by emotional dysregulation, including depression (Elliott, Rubinsztein,
Sahakian, & Dolan, 2002), anxiety (Fox, Russo, & Dutton, 2002), Attention Deficit
Hyperactivity Disorder (ADHD) (Barkley, 1997; Nigg, 2001), Tourette's syndrome
(Straube, Mennicken, Riedel, Eggert, & Muller, 1997), and obsessive-compulsive
disorder (Malloy, Rasmussen, Braden, & Haier, 1989; Tien, Pearlson, Machlin, Bylsma,
& Hoehn-Saric, 1992). There is also some evidence that emotional distraction may
contribute to some of the real-world difficulties faced by individuals with PFC damage.
A study by Anderson and colleagues examined social behavior and emotional regulation
in a 14-month-old child with inferior dorsolateral damage acquired on day 3 of life
(Anderson et al., 2007). The authors observed that, compared to normally developing
children, this child was impaired on a number of standardized measures of emotional and
attentional control, including measures of emotional distraction. Such findings help to
clarify the involvement of specific PFC regions in supporting interactions between
cognition and emotion. However, methodological limitations have likely limited
progress in understanding these interactions. In particular, many of the functional
imaging studies that have addressed this topic may have been limited by susceptibility to
signal dropout in regions that may well play a central role in this process (e.g.,
orbitofrontal cortex). In addition, very few human lesion studies to date have clarified
which PFC regions are likely necessary in regulating the impact of emotion on cognition
and behavior. Therefore, while the findings summarized above raise the possibility that
impaired real-world functioning in patients with PFC damage may be explained in part
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by a failure to adequately minimize distraction by salient emotional distractors in their
environment, no study to date has specifically addressed this question.
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CHAPTER 3
PRIMARY AIMS AND HYPOTHESES

It has long been recognized that damage to certain brain areas can lead to
abnormalities in emotion and behavior. The VMPFC is one region in particular that,
when damaged, has been associated with impaired emotional and behavioral regulation.
It has also been observed that dysfunction in the PFC can lead to disturbances in
emotional regulation that contribute significantly to impaired real-world competencies
(Anderson et al., 1999, 2006) and may underlie different forms of developmental
psychopathology, including autism, ADHD, and conduct disorder (Bauer & Hesselbrock,
2001; Castellanos & Tannock, 2002; Machado & Bachevalier, 2003). However, few
laboratory studies to date have documented impairments in emotional functioning in
individuals with focal PFC damage, and no large-scale study focusing on emotion
regulation in these patients has been conducted. In addition, the role of emotional
dysregulation in impaired real-world functioning following PFC damage is still not well
understood.
The first primary aim of this project was to identify regions in the prefrontal
cortex (PFC) important for the regulation of emotion. To this end, a series of
experiments were conducted to examine the effects of PFC damage on two forms of
emotion regulation: voluntary emotion regulation (Chapter 5) and the ability to minimize
the impact of salient emotional distractors on goal-directed behavior (Chapter 6).
Additional analyses described in Chapter 7 attempt to further characterize the
contributions of PFC lesion size and location with regard to the ability to regulate
emotion.
It was hypothesized that (1) impairment of voluntary emotion regulation would be
more strongly associated with VMPFC damage, compared to non-VMPFC damage, and
that (2) impairment in the resolution of emotional distraction would be more strongly
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associated with non-VMPFC damage, compared to VMPFC damage. For both
hypotheses, it was anticipated that bilateral PFC damage would be associated with greater
impairment than unilateral damage. The first hypothesis is based primarily on previous
studies of VMPFC lesion patients, as well on neuroimaging studies implicating orbital
and mesial PFC regions in voluntary emotion regulation. Support for this hypothesis
would be obtained if VMPFC patients exhibited reduced change in psychophysiological
reactivity during volitional attempts to regulate emotion. The second hypothesis is based
on neuroimaging and lesion studies suggesting that dorsal and lateral PFC regions in
particular may play an important role in resolving emotional distraction. This hypothesis
would be supported if Non-VMPFC patients exhibited reduced accuracy and/or longer
reaction times on the experimental tasks when faced with emotional distractors.
The second primary aim of this project was to determine the extent to which
impairment of emotion regulation following PFC damage is associated with disturbances
in real-world functioning. It was hypothesized that impairment of emotion regulation
would be associated with impaired emotion and behavior in the real world. To address
this aim, clinician and collateral ratings of real-world functioning in brain-damaged
patients were obtained, and analyses were carried out to characterize (1) the impact of
PFC damage on real-world emotion and behavior, and (2) the relationship between
emotion regulation and real-world functioning in patients with PFC damage (Chapter 8).
It was hypothesized that impairment of emotion regulation would be associated
with impaired real-world functioning, and that this impairment would be most
pronounced in patients with PFC damage. This hypothesis is based on previous work
(e.g., Anderson et al., 2006) suggesting that emotional dysfunction may contribute
significantly to impairments in real-world functioning following brain injury. Support for
this hypothesis would be obtained if less effective regulation of emotion (as reflected by
the measures described in Chapters 5 and 6) were associated with ratings indicating
greater impairment in real-world functioning.
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CHAPTER 4
METHODS FOR ASSESSING THE PSYCHOPHYSIOLOGICAL
EFFECTS OF VOLUNTARY EMOTION REGULATION

4.1. Background
This chapter describes a recently published study (Driscoll, Tranel, & Anderson,
2009) that describes the use of psychophysiological measures to study voluntary emotion
regulation and also demonstrates their potential applicability to the study of emotional
dysfunction in brain-damaged patients. As discussed in Chapter 2, a number of studies in
recent years have characterized the psychophysiological correlates of voluntary emotion
regulation. These studies have demonstrated that conscious and deliberate attempts to
regulate one’s emotions can lead to a variety of physiological changes, including
alterations in eyeblink startle magnitude. According to the motivational priming
hypothesis (Bradley, Codispoti, et al., 2001; Lang, 1995), the attenuation and potentiation
of the startle reflex during positive and negative emotional processing, respectively,
reflect differential engagement of appetitive and defensive motivational systems. One
possibility is that up-regulating emotion increases motivational priming, resulting in an
accentuation of these valence-specific effects, while reduced motivational priming during
attempts to down-regulate emotion dampens them. It has been observed (Dillon &
LaBar, 2005), however, that conscious attempts to increase or decrease emotion produce
similar patterns of startle modulation for both positive and negative pictures, with
increased startle responses during attempts to increase positive or negative emotion and
reduced responses during attempts to down-regulate emotion, irrespective of valence.
Dillon and LaBar interpret this pattern of findings as evidence that startle modulation
during voluntary emotion regulation may be driven more by changes in arousal than by
valence. The authors further note that these results are consistent with previous studies of
startle modulation during mental imagery (e.g., Witvliet & Vrana, 1995), in which
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imagined engagement in arousing pleasant or unpleasant events can result in potentiated
startle responses, though they do not point to a specific underlying mechanism that may
account for such findings. This interpretation suggests that, at least in some contexts
(i.e., during mental imagery), positively and negatively valenced arousal may have
similar effects on the startle reflex.
The goal of this study was to further characterize the effects of voluntary up- and
down-regulation of emotion on somatic reflexes and autonomic responses. To address
this aim, measures of eyeblink startle, heart rate, and skin conductance were collected in
10 healthy adults instructed to passively view or regulate their emotional responses to
pleasant and unpleasant pictures. Based on previous work (e.g., Dillon and LaBar, 2005;
Jackson et al., 2000), it was predicted that attempts to up-regulate positive and negative
emotion would result in increased startle responses, while attempts to down-regulate
positive and negative emotion would lead to decreased startle responses. Additionally, it
was predicted that if arousal contributes more than valence to autonomic changes during
emotion regulation, the down-regulation of both positive and negative emotion would
result in reduced SCRs and increased heart rate deceleration (consistent with decreased
sympathetic activation), as compared to the up-regulation of emotion. If, on the other
hand, autonomic emotion regulation effects are more dependent on valence, then it was
expected that attempts to up- and down-regulate emotion would elicit similar patterns of
SCRs, due to the greater sensitivity of this measure to general arousal per se. It was
further predicted that the up-regulation of negative emotion would evoke greater
“defensive” activation, as reflected by a more pronounced deceleration in heart rate
compared to down-regulating negative emotion, while the up-regulation of positive
emotion would be associated with decreased defensive activation, resulting in reduced
heart rate deceleration.

19

4.2. Methods
4.2.1. Participants
Ten healthy right-handed adults (7 women, 3 men) with a mean age of 35.2 years
(SD = 13.0) were recruited for the study. Participants were recruited from the community
through advertisements and received compensation for their participation. All
participants were screened for any history of neurological or psychiatric disease and
provided informed consent in accordance with the Human Subjects Committee at the
University of Iowa prior to their participation in this research.

4.2.2. Materials and Design
The stimuli used for this task included 112 color pictures selected from the
International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008). Stimuli
were presented on a PC computer screen 0.5 m in front of the participant using
Presentation software. Sixteen of the pictures were neutral, 48 were pleasant, and 48
were unpleasant based on normative ratings. Pleasant and unpleasant pictures were
matched as closely as possible on rated arousal. Each picture was presented for 8 s, with
an interstimulus interval of 14 s. The acoustic startle probe was a 50-ms burst of white
noise with an instantaneous rise time and a magnitude of 95 dB, presented binaurally
through headphones. Startle probes were delivered during 75% of picture presentations
and were evenly distributed across picture valence categories. To characterize changes in
startle modulation that may occur over the course of picture viewing (Sutton, Davidson,
Donzella, Irwin, & Dottl, 1997), probes were delivered either at 4 or 7 s following picture
onset. Picture trials were organized in two pseudorandomized orders that were
counterbalanced for order of presentation, instruction type, and startle probe time. No
more than three trials of the same emotion category, regulation instruction, or probe time
were presented consecutively.
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4.2.3. Procedure
After providing informed consent to participate in the study, electrodes were
placed on each participant. Prior to the first 48 picture trials (16 pleasant, 16 neutral, 16
unpleasant), participants were instructed to pay attention to each picture for the full time
that it appeared on the screen and to ignore the noises heard over the headphones (passive
viewing condition). For the remaining 64 picture trials (32 pleasant, 32 unpleasant),
participants were instructed to either increase or decrease the emotional response elicited
by each picture. Participants were told to use whatever regulation strategies they felt
were most effective and that they should pay attention to each picture and continue
increasing or decreasing their emotional response for the full duration of the trial. Before
the experimental stimuli were presented, participants were provided with several practice
stimuli and startle probes. Additional instructions were provided to participants who did
not appear to understand the task or were unable to describe specific regulation strategies
after completing the practice trials. The regulation instruction was indicated during the
task by a one word instruction (“Increase” or “Decrease”) presented onscreen for 2 s
immediately prior to each picture. A number of breaks were included throughout the task
in order to minimize fatigue. At the end of the experiment, all electrodes were removed,
and participants were asked to rate on a 5-point scale how difficult it was to regulate their
emotions for each instruction type (1 = not difficult at all, 5 = extremely difficult) and to
describe the specific strategies they used to increase and decrease their emotional
responses. They were then asked to view the same set of pictures used in the startle task
and provide ratings of valence and arousal for each picture using the Self-Assessment
Manikin (SAM; Bradley & Lang, 1994). The SAM is a 9-point rating scale for both
valence (1 = highly unpleasant, 9 = highly pleasant) and arousal (1 = low arousal, 9 =
high arousal). After the ratings were completed, the participants were debriefed.
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4.2.4. Data Acquisition
EMG activity from the orbicularis oculi was collected using two In Vivo Metrics
(Healdsburg, CA) recording electrodes placed directly below the left eye using the
placement recommended by Fridlund & Cacioppo (1986). Electrode impedances were
less than 10,000 ohms. Raw signals were recorded using Biopac (Biopac Systems, Santa
Barbara, CA) EMG150 amplifiers passing 30-500 Hz, with a gain multiplication of 5000,
and a Biopac MP150 interface sampled all EMG data at a rate of 1000 Hz. The MP150
recorded the EMG signal, which was then half-wave rectified and integrated with a 10ms time constant. Heart rate was measured using two electrocardiograph electrodes, with
one placed on the right side of the neck and the other on the left side of the torso 2 cm
below the rib cage. Skin conductance was measured using two Ag-AgCl electrodes
placed on the thenar and hypothenar surfaces of the left palm. Autonomic signals were
recorded at 500 Hz using a Biopac MP150 system including amplifiers for ECG and SCR
collection.

4.2.5. Data Reduction and Analysis
EMG responses to startle probes were reduced to eyeblink reflex magnitudes
using the following procedure. Peak detection was performed on the integrated EMG
response to each probe (between 0 and 150 ms post-noise burst). Eyeblink reflex
magnitudes were calculated by subtracting the amount of integrated EMG activity at
reflex onset from the peak amplitude (maximum activity between 0 and 150 ms after
probe onset). Each individual startle response was viewed by an experimenter. EMG
blink magnitudes are expressed in the standardized z-score metric (M = 0, SD = 1) using
the overall mean and standard deviation from each participant across all startle responses.
Skin conductance response magnitude was scored as the greatest change above 0.02
microSiemens occurring in a 1-4 s time window following picture onset. A log
transformation (log [SCR + 1]) was then performed to normalize the SCR data. Heart
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rate response magnitude was calculated in 500 ms bins in a 0–8 s time window following
stimulus onset relative to a 1 s baseline period immediately prior to stimulus onset.
The general approach for the analysis of psychophysiological data during passive
picture viewing was a repeated measures analysis of variance (ANOVA) with picture
category (Pleasant, Neutral, Unpleasant) as a within-subjects factor. Effects of regulation
instruction were examined using a 2 x 2 repeated measures ANOVA, with picture
category (Pleasant, Unpleasant) and instruction type (Increase, Decrease) as withinsubjects factors. In addition, analyses of eyeblink startle data included probe time (4 s, 7
s) as a within-subjects factor. The relationships between ratings of difficulty and
psychophysiological variables were examined across instruction types and picture
categories using Pearson’s correlation coefficient. Planned polynomial contrasts were
conducted to examine the pattern of responses across picture categories. Post-hoc
pairwise comparisons were performed using the Bonferroni procedure. As recommended
by Maxwell & Delaney (1990), all analyses on within-subjects variables used the mixedmodel univariate ANOVA, as opposed to a multivariate approach, due to the relatively
small sample size. The Greenhouse-Geisser epsilon correction procedure (Geisser &
Greenhouse, 1959) was used in order to control for the inflated Type I error rate
associated with the mixed-model univariate ANOVA when the sphericity assumption is
not met (Vasey & Thayer, 1987). A measure of effect size (partial eta-squared) is
included for each ANOVA.

4.3. Results
4.3.1. Affective Picture Ratings
Table 4.1 presents means and standard deviations for ratings of affective valence
and arousal. The ratings were analyzed with a one-way repeated measures ANOVA,
with picture category (Pleasant, Neutral, Unpleasant) as a within-subjects variable.
Valence and arousal ratings of the pictures generally conformed to expectations based on
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the a priori classifications derived from normative data. A main effect of picture
category for valence ratings (F(2,18) = 101.1, p < 0.001, partial eta-squared = 0.92)
indicated that participants rated the pictures in the predicted direction, with higher ratings
for pleasant compared to neutral (p < 0.001), neutral compared to unpleasant (p < 0.001),
and pleasant compared to unpleasant pictures (p < 0.001). There was similarly a main
effect of picture category for the ratings of arousal (F(2,18) = 56.7, p < 0.001, partial etasquared = 0.86), with unpleasant (p < 0.001) and pleasant (p < 0.001) pictures rated as
more arousing than neutral pictures, and unpleasant pictures rated as more arousing than
pleasant pictures (p < 0.001).

Table 4.1. Picture Ratings for Valence and Arousal by Picture Category.
Picture Category
Neutral

Pleasant

Unpleasant

Valence Ratings

5.1 ± 0.2

6.4 ± 0.6

2.4 ± 0.7

Arousal Ratings

1.5 ± 1.3

4.0 ± 1.7

5.9 ± 1.8

Note: Means and standard deviations are reported. Ratings are given on a
9-point scale, with higher numbers indicating greater pleasantness or arousal.

4.3.2. Affective Startle Modulation
The standardized means and standard errors of the mean for startle magnitude
across picture categories and instruction types are presented in Figure 4.1. A 3 picture
category (Pleasant, Neutral, Unpleasant) x 2 probe time (4 s, 7 s) analysis of startle
response data revealed a main effect of picture category (F(2,18) = 6.0, p < 0.05, partial
eta-squared = 0.40). Follow-up analyses revealed that startle responses were significantly
larger for unpleasant (M = 0.59, SD = 0.79) compared to pleasant (M = -0.43, SD = 0.47)
stimuli (p < 0.05). No significant difference was observed between responses to neutral
(M = -0.10, SD = 0.43) compared to pleasant (p > 0.6) or unpleasant stimuli (p > 0.1).
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Additionally, a significant linear trend was observed: unpleasant > neutral > pleasant
(F(1,9) = 9.8, p < 0.05, partial eta-squared = 0.52). There was no main effect of probe
time (F(1,9) < 1, p > 0.8, partial eta-squared = 0.004) and no picture category x probe
time interaction (F(2,18) < 1, p > 0.4, partial eta-squared = 0.08).

2.0

Startle Magnitude (z-scores)

1.5
1.0
0.5
Neutral
Pleasant

0.0

Unpleasant
-0.5
-1.0
-1.5
-2.0
Passive Viewing

Increase

Decrease

Instruction Type

Figure 4.1. Startle EMG Responses by Picture Category and Instruction Type.
Means and standard errors are depicted.

A 2 picture category (Pleasant, Unpleasant) x 2 probe time (4 s, 7 s) x 2
instruction type (Increase, Decrease) analysis of startle response data revealed main
effects of picture category (F(1,9) = 16.5, p < 0.01, partial eta-squared = 0.65) and
instruction type (F(1,9) = 43.5, p < 0.001, partial eta-squared = 0.83). Follow-up
contrasts showed that across regulation conditions, responses were larger to unpleasant
(M = 0.44, SD = 0.34) compared to pleasant (M = -0.44, SD = 0.35) pictures, (p < 0.01).
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Across picture categories, startle responses were significantly lower in the decrease
condition (M = -0.55, SD = 0.26) compared to the increase condition (M = 0.55, SD =
0.27) (p < 0.001). No main effect of probe time was observed, F(1,9) < 1, p > 0.4, partial
eta-squared = 0.08. There were no significant interactions of picture category x probe
time (F(1,9) = 3.4, p = 0.1, partial eta-squared = 0.27), picture category x instruction type
(F(1,9) < 1, p > 0.5, partial eta-squared = 0.05), or probe time x instruction type (F(1,9) <
1, p > 0.8, partial eta-squared = 0.01).

4.3.3. Heart Rate
Means and standard errors of the mean for heart rate change are shown in Table
4.2. An analysis of heart rate during passive picture viewing revealed a main effect of
picture category (F(2,18) = 5.5, p = 0.01, partial eta-squared = 0.38). Participants
exhibited greater heart rate deceleration for pleasant compared to neutral trials (p < 0.05),
and unpleasant compared to neutral trials (p < 0.05), but no difference was found between
pleasant and unpleasant picture trials (p = 1.00).

Table 4.2. Heart Rate Change and Skin Conductance Responses by Picture Category
and Instruction Type.
Neutral

Pleasant

Unpleasant

Measure
View
View
Increase Decrease
View
Increase Decrease
HR Change
0.26±0.46 -1.36±0.46 -1.09±0.34 -1.29±0.49 -2.05±0.57 -0.78±0.62 -2.86±0.66
(BPM)
SCRs
0.07±0.02 0.16±0.03 0.12±0.03 0.09±0.02 0.15±0.02 0.10±0.02 0.09±0.03
(log[SCR+1])

Note: Means and standard errors are reported. SCRs = skin conductance responses,
HR= heart rate, BPM = beats per minute.

A 2 picture category (Pleasant, Unpleasant) x 2 instruction type (Increase,
Decrease) analysis of heart rate data revealed a significant main effect of instruction type
(F(2,18) = 4.3, p < 0.05, partial eta-squared = 0.32), with greater deceleration in the
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decrease compared to the increase condition (p < 0.05). There was no main effect of
picture category (F(1,9) = 3.3, p > 0.1, partial eta-squared = 0.27), though there was a
trend toward significance for an picture category x instruction type interaction (F(1,9) =
3.9, p = 0.08, partial eta-squared = 0.30).

4.3.4. Skin Conductance Responses
Table 4.2 presents the mean log transformed SCRs and standard errors of the
mean. An analysis of SCRs revealed a main effect of picture category (F(2,18) = 9.2, p <
0.01, partial etasquared = 0.51), with larger responses to pleasant versus neutral (p <
0.05), and unpleasant versus neutral picture trials (p < 0.05). There was no difference
observed between responses to pleasant and unpleasant stimuli (p = 1.00).
A 2 picture category (Pleasant, Unpleasant) x 2 instruction type (Increase,
Decrease) analysis of SCRs revealed a main effect of instruction type (F(1,9) = 10.4, p <
0.05, partial eta-squared = 0.54) but no main effect of picture category (F(1,9) < 1, p >
0.4, partial eta-squared = 0.07) or picture category x instruction type interaction (F(1,9) =
1.3, p > 0.2, partial eta-squared = 0.13). Follow-up analyses indicated that, across picture
categories, responses were lower in the decrease condition compared to the increase
condition (p < 0.05).

4.3.5. Regulation Difficulty Ratings
Ratings of difficulty in up- and down-regulating emotion are reported in Table
4.3. A comparison of difficulty ratings was carried out with a 2 picture category
(Pleasant, Unpleasant) x 2 instruction type (Increase, Decrease) repeated-measures
ANOVA. A main effect of picture category was observed, F(1,9) = 6.9, p < 0.05, partial
eta-squared = 0.43. On a 5-point scale (with higher ratings indicating greater difficulty),
participants rated the regulation of negative emotion (M = 3.10, SD = 0.57) as more
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difficult than regulating positive emotion (M = 2.45, SD = 0.64) (p < 0.05). There was
no main effect of instruction type and no picture category x instruction type interaction.
Correlational analyses were conducted to examine the relationship between
ratings of perceived difficulty and each psychophysiological variable. The rated
difficulty of down-regulating positive emotion was found to be significantly associated
with startle magnitude when attempting to decrease positive emotion (r = .78, p < 0.01).
No other significant correlations between difficulty ratings and psychophysiological
variables were found.

Table 4.3. Ratings of Difficulty in Regulating Emotion, as a
Function of Picture Category and Instruction Type.
Picture Category
Instruction Type

Pleasant

Unpleasant

Increase

2.6 ± 1.1

2.8 ± 1.0

Decrease

2.3 ± 1.2

3.4 ± 1.1

Note: Means and standard deviations are reported. Ratings are
given on a 5-point scale, with higher numbers indicating greater
difficulty.

4.3.6. Regulation Strategy Questionnaire
Participant reports of strategies adopted to increase and decrease their emotional
responses are described below. Although some participants reported using more than one
strategy to up- or down-regulate their responses, most of the reports indicate that a few
principal strategies were regularly employed. To increase positive or negative emotion,
80% of participants reported increasing the self-relevance of the stimuli (e.g., imagining
that the depicted scene involved either themselves or a loved one), while 40% reported
increasing attention to salient features of the stimuli (e.g., blood in pictures depicting
mutilations). To decrease positive or negative emotion, 80% of participants reported
decreasing attention to salient features of the stimuli, 20% reported attempting to
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objectify the stimuli (e.g., imagining that the scene depicted was not real), and 20%
reported decreasing self-relevance.

4.4. Discussion
The primary aim of this study was to assess the relative contributions of valence
and arousal to changes in psychophysiological reactivity during emotion regulation.
Consistent with previous work (Dillon & LaBar, 2005), instructions to decrease (downregulate) emotional responses resulted in reduced startle magnitude for both positive and
negative emotion, compared to instructions to increase (up-regulate) emotion.
Additionally, down-regulating both positive and negative emotion led to significantly
reduced SCRs and heart rate, compared to up-regulating emotion. The finding that
ratings of difficulty were positively associated with startle responses when downregulating positive emotion suggests that difficulty may have limited the reduction of
positive emotion to some degree. However, the startle modulation effects described
above, as well as the lack of such an association for any other condition, suggest that
perceived difficulty likely had limited influence on the pattern of emotion regulation
effects reported here. These findings suggest that the physiological effects of voluntary
emotion regulation are largely similar for both positive and negative emotion. In
particular, these results indicate that arousal may contribute more than valence to changes
in somatic and autonomic reactivity during attempts to regulate emotion. Across
regulation instructions, it was found that startle responses were larger overall for
unpleasant compared to pleasant stimuli, suggesting that physiological changes that occur
during emotion regulation may, to some degree, reflect the modulation of valence.
It is also important to note that the startle findings reported here appear to be
inconsistent with the motivational priming framework discussed before (Bradley,
Codispoti, et al., 2001; Lang, 1995). In particular, these findings suggest that the
affective startle modulation paradigm may not be particularly sensitive to changes in
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affective valence during attempts to voluntarily regulate emotion. However, Lang,
Bradley, and Cuthbert (1997) have noted that when people are asked to imagine
themselves engaged in highly arousing pleasant or unpleasant events, startle responses
may be potentiated by activation of either the appetitive or aversive motivational system.
It has been suggested (Bradley & Lang, 2007) that startle attenuation during viewing of
appetitive stimuli may reflect increased attentional allocation to external stimuli (i.e,
affective pictures) and reduced processing of other sensory input (i.e., the startle probe).
During mental imagery, however, there is presumably less focus on sensory input and
therefore, less competition with processing of the startle probe. Bradley and Lang note
that heart rate responses during mental imagery generally reflect greater acceleration than
deceleration, while the reverse is generally observed in the context of viewing affective
pictures. They further propose that startle potentiation during imagery of arousing
pleasant and unpleasant events may reflect a shift toward preparation for action (e.g.,
consuming or fleeing), which according to the motivational priming framework, may
result from very high levels of either defensive or appetitive activation. During attempts
to up-regulate emotion, participants in the current study reported relying heavily on
cognitive regulation approaches that largely involve the use of mental imagery. It is
therefore possible that similar patterns of startle responses to both pleasant and
unpleasant stimuli during attempts to up-regulate compared to down-regulating emotion
reflect, to some degree, heightened activation of appetitive and aversive motivational
systems triggered through the use of imagery.
Certain limitations of the current study should be noted. First, interpretation of
the observed regulation effects is complicated by the lack of a baseline condition during
the emotion regulation phase of the study. In particular, it is unclear to what extent the
regulation data were impacted by habituation of the startle reflex over the course of the
testing session. Due to this important limitation of the design, additional work will be
needed to clarify the physiological effects of up- and down-regulating emotion. Second,
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startle responses were not significantly modulated by positive or negative emotion during
passive picture viewing. Such findings likely reflect in part the small size of the sample,
as well as limitations of the stimuli. In particular, the lack of pleasure-attenuated startle
is not an uncommon finding, and further development of potent appetitive stimuli will
likely help to advance the study of positive emotion regulation, which to date has been
encumbered by the challenge of securing really effective positive stimuli in a laboratory
setting. Third, the lack of a significant effect of startle probe time in the present study
suggests that affective modulation effects may remain relatively stable during processing
of affective stimuli. Additional work will be needed to further characterize the temporal
dynamics of emotion regulation effects across physiological systems and to identify
factors (e.g., regulation strategy) that may influence the time course of emotional
responding.
There is evidence (e.g., Gross, 1998) that the psychophysiological effects of
voluntary emotion regulation are determined in part by the regulation strategy adopted
(e.g., suppression, cognitive reappraisal). Due to the small sample size in this study, the
physiological effects of different regulation approaches were not examined. With regard
to heart rate, it was observed that attempts to decrease emotion resulted in greater heart
rate deceleration as compared to increasing emotion. When attempting to down-regulate
emotion, most participants reported reducing attention to the more salient aspects of the
stimuli, which appears to be incongruent with the commonly reported association
between heart rate deceleration and heightened attention and sensory intake. However, it
is conceivable that increased attention toward less salient features contributed to this
reduction in heart rate. Additionally, the finding of a trend toward a significant
interaction between condition type and picture category for heart rate raises the
possibility that with a larger sample, valence-specific emotion regulation effects may
become evident. While the results of the present study suggest that regulating positive
and negative emotion may have similar physiological effects, further work is needed to
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clarify the effectiveness of different approaches to increase or decrease emotion. Finally,
it is important to note that because no online measure of the experience of emotion was
obtained in the current study, the effectiveness of the regulation instruction in eliciting
changes in emotional experience cannot be directly verified.
In conclusion, the results from this study provide further evidence that conscious
and deliberate attempts to regulate emotion are associated with reliable changes in
autonomic and somatic reflex responsiveness. Further work in patients with focal brain
damage may help to clarify the basic neural mechanisms by which positive and negative
emotions are regulated, and lead to a better understanding of the behavioral consequences
of dysfunction in this circuitry.
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CHAPTER 5
THE EFFECTS OF PFC DAMAGE ON
VOLUNTARY EMOTION REGULATION

5.1. Background
The results described in the previous chapter demonstrate that, in neurologically
normal adults, voluntary attempts to regulate emotion are associated with a variety of
psychophysiological changes. As discussed previously, functional imaging and lesion
studies suggest that the VMPFC may play a key role in the regulation of emotion, though
no study to date has specifically addressed this question in individuals with focal brain
damage. The study described in this chapter builds on this previous work by examining
the impact of PFC damage on psychophysiological responsiveness during voluntary
emotion regulation. Patients with focal brain lesions involving VMPFC, non-VMPFC, or
non-PFC regions were recruited, along with a group of neurologically intact adults. The
psychophysiological correlates of voluntary (conscious and deliberate) emotion
regulation were examined using measures of eyeblink startle magnitude, heart rate, skin
conductance responses, and facial electromyography (EMG) activity. It was
hypothesized that impairment of voluntary emotion regulation would be more strongly
associated with VMPFC damage, compared to non-VMPFC damage. It was further
hypothesized that this impairment would be more pronounced for bilateral compared to
unilateral VMPFC damage.
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5.2. Methods
5.2.1. Participants
5.2.1.1. Lesion Patient Groups
Forty adults with adult-onset focal brain lesions were selected from the Patient
Registry of the Division of Cognitive Neuroscience at the University of Iowa. All
patients were studied in the chronic epoch (at least three months following lesion onset)
and had no history of neurological disease other than that which caused their lesion.
Patients with impaired performances on standardized measures of visuoperceptual ability
(Benton Facial Recognition Test) or language (Token Test) were excluded.
Patients were classified into VMPFC, Non-VMPFC, and Non-PFC groups based
on the location of their lesions. Demographic, neuropsychological, and neuroanatomical
characteristics are summarized for each group in Table 5.1. The VMPFC group (n = 15)
included patients with bilateral or unilateral lesions primarily located within the
ventromedial PFC, which encompassed portions of Brodmann areas 10, 11, 12, and 25,
but sparing the amygdala. This group included seven patients with vascular lesions,
seven patients with lesions resulting from resection of a benign tumor, and one patient
with focal head trauma. While it was expected that greater impairment of emotion
regulation would be associated with bilateral compared to unilateral VMPFC damage,
patients with bilateral and unilateral lesions were combined into a single VMPFC group
in an effort to increase statistical power. The Non-VMPFC group (n = 9) included
patients with bilateral or unilateral lesions primarily involving PFC regions located
outside the VMPFC but sparing the amygdala. This group included five patients with
vascular lesions and four patients with lesions resulting from resection of a benign tumor.
One patient in this group also had an unresected benign cerebellar tumor. The Non-PFC
group (n = 16) included patients with bilateral or unilateral lesions primarily involving
regions outside the PFC, including parietal, occipital, and temporal regions but sparing
the amygdala. This group included 11 patients with vascular lesions, four patients with
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lesions resulting from resection of a benign tumor, and one patient with focal head
trauma. Inclusion of this group allowed for assessment of the specificity of emotion
regulation impairments to damage involving the PFC.

5.2.1.2. Normal Comparison Group
In addition to the lesion patients described above, a group of neurologically
normal adults (n = 21) was recruited from the community. These participants were
screened for any history of neurological or psychiatric disease and were matched as
closely as possible to the lesion patients on demographics (age, sex, and education) and
available neuropsychological data (Table 5.1). All participants provided informed
consent in accordance with the Human Subjects Committee at the University of Iowa.

Table 5.1. Demographic, Neuroanatomical, and Neuropsychological Data.
NC

VMPFC

Non-VMPFC

Non-PFC

Age

58.2 ± 8.9

61.3 ± 7.9

54.0 ± 13.8

60.2 ± 7.5

Sex

9 F, 12 M

6 F, 9 M

3 F, 6 M

7 F, 9 M

Education

15.3 ± 2.3

13.7 ± 1.8

15.2 ± 3.2

14.9 ± 2.7

10 B, 3 L, 2 R

4 B, 4 L, 1 R

2 B, 10 L, 4 R

107.8 ± 13.2
106.5 ± 13.5

108.0 ± 20.4
109.6 ± 19.7

104.6 ± 20.9
104.5 ± 13.4

Demographics

Lesion Laterality
Neuropsychology
Verbal IQ
Performance IQ

114.0 ± 10.8
112.0 ± 12.7

Note: Means and standard deviations are reported for age, education, and IQ scores.

5.2.2. Materials and Design
The stimuli for this task included 112 color pictures (16 neutral, 48 pleasant, and
48 unpleasant) selected from the International Affective Picture System (IAPS; Lang et
al., 2008). Pictures were categorized a priori based on the normative ratings for the
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IAPS, and pleasant and unpleasant pictures were matched as closely as possible on their
rated levels of arousal. Stimuli were presented on a PC computer screen using
Presentation software. The acoustic startle probe was a 50-ms burst of white noise with
an instantaneous rise time and magnitude of 95 dB that was presented binaurally through
headphones. Eye movements during this task were also recorded using an infrared eye
tracker (Applied Science Laboratories, Model 504), though these data are not reported
here.
Three paper-and-pencil measures were utilized to examine participants’ subjective
responses to the pictures and regulation conditions. An open-ended strategy
questionnaire was used to assess the strategies that participants adopted for each
regulation condition (e.g., increasing positive emotion). Participants were instructed to
describe these strategies in as much detail as possible and to provide specific examples
when possible. If multiple strategies were adopted, participants were instructed to
indicate which approach was used most frequently. Task difficulty was measured using a
5-point rating scale (1 = not difficult at all, 5 = extremely difficult) on which participants
were instructed to indicate how difficult it was to regulate emotion for each condition.
Participants’ subjective responses to the pictures were examined using the SelfAssessment Manikin (SAM; Bradley & Lang, 1994), which is a 9-point rating scale for
both valence (1 = highly unpleasant, 9 = highly pleasant) and arousal (1 = low arousal, 9
= high arousal).
Each picture was presented for 8 s, followed by a 14 s intertrial interval in which
a centrally-located fixation cross was presented. The regulatory goal for each trial was
indicated using a one-word instruction (View, Increase, or Decrease) that was presented
onscreen for 2 s immediately prior to each picture (Figure 5.1). Pleasant and unpleasant
pictures were paired with one of the three instruction types, while neutral pictures were
always paired with a View instruction. Startle probes were delivered on 75% of picture
trials for each picture category (i.e., 12 probes on neutral picture trials, 36 probes on
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pleasant picture trials, and 36 probes on unpleasant picture trials). In addition, 12 startle
probes were presented during the intertrial interval to provide a baseline measure of
startle reactivity. To characterize changes in startle modulation that may occur over the
course of picture viewing (e.g., Sutton et al., 1997), startle probes were presented either at
4 or 7 s following picture onset. Two pseudorandomized orders (each consisting of four
28-trial blocks) were constructed in which pictures were counterbalanced for order of
presentation, instruction type, and startle probe time. No more than three trials of the
same emotion category, regulation instruction, or probe time were presented
consecutively.

Figure 5.1. Design of the Voluntary Emotion Regulation Task.

5.2.3. Procedure
After electrodes were placed on the participant, they were told that they would be
presented with several pictures and that they would be asked either to view each picture,
or to increase or decrease their emotional response to each picture. Participants were
encouraged to pay attention to each picture and to continue viewing, increasing, or
decreasing for the entire time that the picture was onscreen. In addition, participants
were instructed to use whatever regulation strategies they felt would be the most effective
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and to ignore the noises heard over the headphones. Before the experimental stimuli
were presented, participants were provided with several practice stimuli and startle
probes. Additional instructions were provided to participants who did not appear to
understand the task or were unable to describe specific regulation strategies after
completing the practice trials. In an effort to minimize fatigue, participants were given a
short break following each block of the regulation task.
At the end of the experiment, all electrodes were removed, and participants were
asked to complete the strategy questionnaire and difficulty ratings. They were then
presented with the same set of pictures used for the regulation task and were asked to
complete the SAM ratings. After all questionnaires were completed, participants were
debriefed.

5.2.4. Data Acquisition
Raw physiological signals were obtained using a MP150 data acquisition system
and Acqknowledge 3.9 software from Biopac Systems, Inc. (Santa Barbara, CA).
Separate picture and sound marker channels in the Acqknowledge software indicated the
timing of the presentation of a picture or startle probe relative to the physiological
signals. Each raw EMG signal was sampled throughout the session at 1000 Hz and was
half-wave rectified and integrated, with a 10-ms time constant. The signals were
amplified using EMG100C amplifiers with a gain multiplication of 5000, low-pass
filtered at 500 Hz, and high-pass filtered at 10 Hz. Electrode impedances were less than
10,000 ohms. EMG recordings from the orbicularis oculi, corrugator supercilii, and
zygomatic major facial muscle regions were obtained using two In Vivo Metrics
(Healdsburg, CA) electrodes placed according to the recommendations of Fridlund &
Cacioppo (1986). Based on evidence that emotions are more clearly expressed on the left
side of the face than on the right side (Sackeim, Gur, & Saucy, 1978), these recordings
were obtained from the left side of the face.
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For measurement of skin conductance, the raw signal was sampled throughout the
entire session at a rate of 125 Hz. The signal was amplified using a Biopac GSR100C
amplifier with a gain of 5 µS/V, low-pass filtered at 10 Hz, and high-pass filtered at 0.05
Hz. Two Ag-AgCl electrodes were placed on the thenar and hypothenar surfaces of the
left palm.
For EKG measurement, the raw signal was sampled throughout the entire session
at a rate of 250 Hz. The signal was amplified using a Biopac ECG100C amplifier with a
gain multiplication of 5000, low-pass filtered at 35 Hz, and high-pass filtered at 0.05 Hz.
Two electrocardiograph electrodes were attached, with one placed on the right side of the
neck and the other on the left side of the torso 2 cm below the rib cage.

5.2.5. Data Reduction and Analysis
Eyeblink startle magnitude was derived from orbicularis oculi EMG activity using
the following procedure. Peak detection was performed on the integrated EMG response
to each probe (between 20 and 120 ms post-noise burst). Eyeblink reflex magnitudes
were calculated by subtracting the amount of integrated EMG activity at reflex onset
from the peak amplitude (maximum activity between 20 and 120 ms after probe onset).
Each individual startle response was viewed by an experimenter.
EMG responses from the corrugator supercilii and zygomatic major facial
muscles were measured as the amount of integrated EMG activity in the 0–8 s time
window following stimulus onset relative to a 1 s baseline period immediately prior to
stimulus onset. To adjust for interindividual differences in EMG amplitude, all EMG
responses were standardized (using each participant’s mean and standard deviation) and
converted to t-scores (z(10) + 50) prior to analysis.
High and low frequency noise were removed from the raw skin conductance
signal using a bandpass filter of .167 to 11.5 Hz. The filtered signal was then normalized
with respect to baseline by subtracting the first data point (i.e., 0 s relative to stimulus
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onset). The area under the curve of the filtered waveform was then calculated within a
time window of 1–4 s following stimulus onset. A log transformation (log [SCR + 1])
was then applied to normalize the data. Data from five participants were excluded from
analyses due to excessive noise, including one participant in the NC group, two
participants in the VMPFC group, one participant in the Non-VMPFC group, and one
participant in the Non-PFC group.
Heart rate response magnitude was calculated in 500 ms bins in the 0–8 s time
window following stimulus onset relative to a 1 s baseline period immediately prior to
stimulus onset. For each measure, responses that were greater than three standard
deviations from a participant’s mean were excluded. Data from individual participants
were excluded from analysis if there were fewer than three valid trials per condition on a
given measure. Data from five participants were excluded from analyses due to
excessive noise, including one participant in the NC group, one participant in the
VMPFC group, one participant in the Non-VMPFC group, and two participants in the
Non-PFC group.
The general approach for the analysis of psychophysiological data included (1) a
repeated measures ANOVA for the View condition only with picture category (Neutral,
Pleasant, Unpleasant) as a within-subjects factor and group (NC, VMPFC, Non-VMPFC,
Non-PFC) as a between-subjects factor, and (2) a 2 x 3 repeated measures ANOVA with
picture category (Pleasant, Unpleasant) and instruction type (View, Increase, Decrease)
as within-subjects factors and group as a between-subjects factor. Analyses of eyeblink
startle data also included probe time (4 s, 7 s) as a within-subjects factor. Additional
analyses were conducted to specifically test the prediction of greater impairment of
emotion regulation following bilateral versus unilateral VMPFC damage, with group
(Bilateral VMPFC, Unilateral VMPFC) as a between-subjects factor. Due to the small
size of the sample, analyses focusing on the effects of left versus right VMPFC damage
were not conducted. Planned polynomial contrasts were conducted to examine the
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pattern of responses across picture categories. Post-hoc multiple comparisons were
performed using the Bonferroni procedure. As recommended by Maxwell & Delaney
(1990), all analyses on within-subjects variables used the mixed-model univariate
ANOVA, as opposed to a multivariate approach, due to the relatively small sample size.
The Greenhouse-Geisser epsilon correction procedure (Geisser & Greenhouse, 1959) was
used in order to control for the inflated Type I error rate associated with the mixed-model
univariate ANOVA when the sphericity assumption is not met (Vasey & Thayer, 1987).
A measure of effect size (partial eta-squared) is included for each ANOVA.
Ratings of picture valence and arousal were analyzed using repeated measures
ANOVAs, with picture category (Pleasant, Neutral, Unpleasant) as a within-subjects
variable and group as a between-subjects factor. Ratings of regulation difficulty were
examined using a repeated measures ANOVA with picture category (Pleasant,
Unpleasant) and instruction type (Increase, Decrease) as within-subjects factors and
group as a between-subjects factor. Responses from the regulation strategy questionnaire
were transcribed and categorized into three broad groups of emotion regulation
processes: cognitive change, attentional deployment, and response modulation (Gross &
Thompson, 2007). For instances in which a participant reported using more than one
regulatory approach for a given condition (e.g., increasing positive emotion), responses
were coded into multiple categories. Likelihood ratio tests were used to examine the
proportion of participants using a given strategy across groups.

5.3. Results
5.3.1. Participant Characteristics
A 4 group (NC, VMPFC, Non-VMPFC, Non-PFC) ANOVA confirmed that the
groups did not differ significantly with respect to age (F(3,57) = 1.4, p > 0.2, partial etasquared = 0.07) or education level (F(3,57) = 1.4, p > 0.2, partial eta-squared = 0.07). A
likelihood ratio test showed that the proportion of men and women in each group also did
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not differ significantly (χ2 (3) = 0.3, p > 0.9). Regarding lesion etiology, it was found
that the proportion of patients with vascular and non-vascular lesions did not differ
significantly between the patient groups (χ2 (2) = 1.6, p > 0.4).

5.3.2. Affective Picture Ratings
Means and standard deviations for ratings of affective valence and arousal are
presented in Table 5.2. Ratings of both valence and arousal generally conformed to
expectations based on the a priori classifications derived from normative data. A main
effect of picture category for valence ratings (F(2,108) = 565.4, p < 0.001, partial etasquared = 0.91) indicated that participants rated the pictures in the predicted direction,
with higher ratings for pleasant compared to neutral (p < 0.001), neutral compared to
unpleasant (p < 0.001), and pleasant compared to unpleasant pictures, (p < 0.001). There
was no main effect of group (F(3,54) < 1, p > 0.5, partial eta-squared = 0.04) or group x
picture category interaction (F(6,108) = 1.9, p > 0.09, partial eta-squared = 0.09).

Table 5.2. Picture Ratings for Valence and Arousal by Picture Category.
Valence Ratings
NC
VMPFC
Non-VMPFC
Non-PFC
Arousal Ratings
NC
VMPFC
Non-VMPFC
Non-PFC

Neutral

Picture Category
Pleasant

Unpleasant

4.8 ± 0.8
5.2 ± 1.1
5.1 ± 0.9
5.0 ± 1.0

6.5 ± 0.9
6.8 ± 0.6
7.2 ± 0.8
6.9 ± 0.8

2.1 ± 0.7
1.7 ± 0.6
1.8 ± 0.5
1.6 ± 0.5

1.8 ± 1.2
2.0 ± 1.3
2.3 ± 1.9
1.6 ± 0.6

5.1 ± 1.5
5.6 ± 1.3
5.8 ± 1.7
5.4 ± 1.3

5.6 ± 1.9
5.7 ± 2.1
4.9 ± 1.9
6.9 ± 0.8

Note: Means and standard deviations are reported. Ratings are given on a
9-point scale, with higher numbers indicating greater pleasantness or arousal.
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A main effect of picture category was also observed for ratings of arousal
(F(2,108) = 131.6, p < 0.001, partial eta-squared = 0.71), with unpleasant (p < 0.001) and
pleasant (p < 0.001) pictures rated as more arousing than neutral pictures. There was no
main effect of group (F(3,54) < 1, p > 0.6, partial eta-squared = 0.04), though there was a
significant group x picture category interaction (F(6,108) = 2.4, p < 0.05, partial etasquared = 0.12), with the Non-PFC group (but no other group) rating unpleasant pictures
as more arousing than pleasant pictures (p < 0.01).

5.3.3. Affective Startle Modulation
An analysis of startle responses during the picture offset period was first
performed using an ANOVA to assess baseline startle reactivity across groups. No main
effect of group was observed (F(3,57) < 1, p > 0.4, partial eta-squared = 0.04). A 3
picture category (Pleasant, Neutral, Unpleasant) x 2 probe time (4 s, 7 s) x 4 group (NC,
VMPFC, Non-VMPFC, Non-PFC) ANOVA was then conducted to examine affective
modulation of the startle reflex in the View condition only. This analysis revealed a main
effect of picture category (F(2,114) = 14.1, p < 0.001, partial eta-squared = 0.20) (Figure
5.2). Follow-up analyses indicated that startle responses were significantly larger for
unpleasant compared to pleasant stimuli, p < 0.001. In addition, responses to pleasant
stimuli were smaller than responses to neutral stimuli, p < 0.05. No significant difference
was observed between responses to neutral compared to unpleasant stimuli (p > 0.07).
There was no main effect of probe time (F(1,57) = 3.0, p > 0.08, partial eta-squared =
0.05) or group (F(3,57) < 1, p > 0.9, partial eta-squared = 0.008), and no significant
interactions were observed among any of the factors.
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56

Startle Magnitude (T-scores)

54
52
NC

50

VMPFC
Non-VMPFC

48

Non-PFC
46
44
42
40

View
Neutral

View

Decrease Increase
Pleasant

View

Decrease Increase
Unpleasant

Figure 5.2. Startle EMG Responses by Picture Category and Instruction Type.
Means and standard errors are depicted.

A 2 picture category (Pleasant, Unpleasant) x 2 probe time (4 s, 7 s) x 3
instruction type (View, Increase, Decrease) x 4 group (NC, VMPFC, Non-VMPFC, NonPFC) analysis of startle responses revealed main effects of picture category (F(1,57) =
45.0, p < 0.001, partial eta-squared = 0.44) and instruction type (F(2,114) = 26.0, p <
0.001, partial eta-squared = 0.31) (Figure 5.2). A main effect of probe time was also
observed (F(1,57) = 4.4, p < 0.05, partial eta-squared = 0.07), as well as a probe time x
instruction type interaction (F(2,114) = 9.7, p < 0.001, partial eta-squared = 0.15).
Follow-up contrasts showed that across picture categories, startle responses were larger to
unpleasant compared to pleasant pictures (p < 0.001), and analyses of probe time showed
that responses were generally larger at 7 s than at 4 s (p < 0.05). Across instruction types,
responses were found to be larger in the Increase than in the Decrease or View conditions
(p < 0.001). Analyses of the probe time x instruction type interaction further showed that
at the 4 s probe, responses were larger in the Increase condition compared to the Decrease
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condition (p < 0.001), while at the 7 s probe, responses in the Increase condition were
larger compared to both the Decrease and View conditions (p < 0.001). There was no
main effect of group (F(3,57) = 1.2, p > 0.3, partial eta-squared = 0.06) and no significant
interactions involving this factor.

5.3.4. Corrugator and Zygomatic Facial EMG Activity
5.3.4.1. Corrugator Results
A 3 picture category (Pleasant, Neutral, Unpleasant) x 4 group (NC, VMPFC,
Non-VMPFC, Non-PFC) analysis of corrugator EMG responses in the View condition
revealed a main effect of picture category, F(2,114) = 9.2, p < 0.001, partial eta-squared =
0.14 (Figure 5.3). Follow-up analyses indicated that corrugator responses were
significantly larger for unpleasant compared to pleasant (p < 0.001) and neutral compared
to pleasant stimuli (p < 0.01). There was no main effect of group (F(3,57) < 1, p > 0.9,
partial eta-squared = 0.001) and no group x picture category interaction (F(6,114) < 1, p
> 0.4, partial eta-squared = 0.05).
A 2 picture category (Pleasant, Unpleasant) x 3 instruction type (View, Increase,
Decrease) x 4 group (NC, VMPFC, Non-VMPFC, Non-PFC) analysis of corrugator
responses revealed main effects of picture category (F(1,57) = 40.1, p < 0.001, partial etasquared = 0.41) and instruction type (F(2,114) = 5.4, p < 0.05, partial eta-squared = 0.09)
(Figure 5.3). Follow-up contrasts showed that across picture categories, corrugator
responses were larger for unpleasant compared to pleasant pictures, (p < 0.001). Across
instruction types, responses were found to be significantly larger in the Increase than in
the Decrease condition, (p < 0.05). A significant picture category x instruction type
interaction was also observed (F(2,114) = 19.9, p < 0.001, partial eta-squared = 0.26).
For unpleasant pictures only, larger corrugator responses were observed in the Increase
compared to the View (p < 0.01) and Decrease conditions (p < 0.001), and responses
were smaller in the Decrease compared to the View condition (p < 0.05). There was no
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main effect of group (F(3,57) < 1, p > 0.7, partial eta-squared = 0.02), and no other
interactions were observed.
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Figure 5.3. Corrugator Responses by Picture Category and Instruction Type.
Means and standard errors are depicted.

5.3.4.2. Zygomatic Results
A 3 picture category (Pleasant, Neutral, Unpleasant) x 4 group (NC, VMPFC,
Non-VMPFC, Non-PFC) analysis of zygomatic EMG responses in the View condition
revealed no main effect of picture category, F(2,114) < 1, p > 0.9, partial eta-squared =
0.001 (Figure 5.4). There was also no main effect of group (F(3,57) < 1, p > 0.7, partial
eta-squared = 0.02) and no picture category x group interaction (F(6,114) < 1, p > 0.8,
partial eta-squared = 0.02).
A 2 picture category (Pleasant, Unpleasant) x 3 instruction type (View, Increase,
Decrease) x 4 group (NC, VMPFC, Non-VMPFC, Non-PFC) analysis revealed no main
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effect of picture category (F(1,57) = 1.1, p > 0.2, partial eta-squared = 0.02), though a
main effect of instruction type was observed (F(2,114) = 35.1, p < 0.001, partial etasquared = 0.38) (Figure 5.4). Across instruction types, responses were found to be
significantly larger in the Increase condition than in the View or Decrease conditions (p <
0.001). A significant picture category x instruction type interaction was also observed
(F(2,114) = 6.2, p < 0.01, partial eta-squared = 0.10), with larger responses to pleasant
than unpleasant pictures in the Increase condition only (p < 0.05). There was no main
effect of group (F(3,57) < 1, p > 0.6, partial eta-squared = 0.03) and no interactions
involving this factor.
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Figure 5.4. Zygomatic Responses by Picture Category and Instruction Type.
Means and standard errors are depicted.

5.3.5. Heart Rate
A 3 picture category (Pleasant, Neutral, Unpleasant) x 4 group (NC, VMPFC,
Non-VMPFC, Non-PFC) analysis of heart rate in the View condition revealed only a
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main effect of picture category (F(2,104) = 3.1, p < 0.05, partial eta-squared = 0.06)
(Figure 5.5). Participants showed greater heart rate deceleration in response to
unpleasant versus neutral pictures (p < 0.05). There was no main effect of group (F(3,52)
= 1.9, p > 0.1, partial eta-squared = 0.10) and no group x picture category interaction
(F(6,104) < 1, p > 0.6, partial eta-squared = 0.04).
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Figure 5.5. Heart Rate Change by Picture Category and Instruction Type.
Means and standard errors are depicted.

A 2 picture category (Pleasant, Unpleasant) x 3 instruction type (View, Increase,
Decrease) x 4 group (NC, VMPFC, Non-VMPFC, Non-PFC) analysis revealed main
effects of picture category (F(1,52) = 7.6, p < 0.01, partial eta-squared = 0.13) and
instruction type (F(2,104) = 40.7, p < 0.001, partial eta-squared = 0.44) (Figure 5.5).
Follow up contrasts showed greater heart rate deceleration in response to unpleasant
compared to pleasant pictures, (p < 0.01). Across instruction types, there was a
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significant difference in heart rate change between the View and Decrease conditions and
the Increase condition (p < 0.001). There was no main effect of group (F(3,52) = 1.7, p >
0.1, partial eta-squared = 0.09), though a group x instruction type interaction was
observed (F(6,104) = 1.7, p < 0.05, partial eta-squared = 0.12). Both the NC and NonPFC groups showed significantly different patterns of heart rate change between the
Increase condition and the View and Decrease conditions (p < 0.01). The Non-VMPFC
group similarly showed different patterns of heart rate change in the Increase compared
to the Decrease condition (p < 0.05), while no significant effect of instruction type was
observed for the VMPFC group. No other significant interactions were observed.

5.3.6. Skin Conductance Responses
A 3 picture category (Pleasant, Neutral, Unpleasant) x 4 group (NC, VMPFC,
Non-VMPFC, Non-PFC) analysis of SCRs in the View condition revealed no main effect
of picture category (F(2,104) = 2.1, p > 0.1, partial eta-squared = 0.04), though a main
effect of group was observed (F(3,52) = 3.6, p < 0.05, partial eta-squared = 0.17), with
the NC group showing larger SCRs than the VMPFC group (p < 0.05) (Figure 5.6). In
addition, a marginally significant group x picture category interaction was observed
(F(4,68) = 2.4, p = 0.06, partial eta-squared = 0.12), with the NC group showing larger
responses to pleasant and unpleasant pictures than the VMPFC group.
A 2 picture category (Pleasant, Unpleasant) x 3 instruction type (View, Increase,
Decrease) x 4 group (NC, VMPFC, Non-VMPFC, Non-PFC) analysis revealed a main
effect of instruction type (F(2,104) = 3.8, p < 0.05, partial eta-squared = 0.07) but no
main effect of picture category (F(1,52) = 1.9, p > 0.1, partial eta-squared = 0.04) (Figure
5.6). Follow up contrasts showed larger SCRs in the Increase condition than in the View
condition (p < 0.05). A main effect of group was also observed (F(3,52) = 4.1, p < 0.05,
partial eta-squared = 0.19), with the NC group showing larger responses on average than
the VMPFC group (p < 0.05). No significant interactions were observed.
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Figure 5.6. Skin Conductance Responses by Picture Category and Instruction Type.
Means and standard errors are depicted.

5.3.7. Regulation Difficulty Ratings
Ratings of difficulty in up- and down-regulating emotion are reported in Table
5.3. A comparison of difficulty ratings was carried out with a 2 picture category
(Pleasant, Unpleasant) x 2 instruction type (Increase, Decrease) repeated-measures
ANOVA. A main effect of instruction type was observed (F(1,57) = 22.8, p < 0.001,
partial eta-squared = 0.29). On a 5-point scale (with higher ratings indicating greater
difficulty), decreasing emotion was rated as more difficult than increasing emotion (p <
0.001). A significant main effect of picture category was also observed (F(1,57) = 5.4, p
< 0.05, partial eta-squared = 0.09), with participants rating the regulation of negative
emotion as more difficult than the regulation of positive emotion (p < 0.05). A
significant picture category x instruction type interaction was also observed (F(1,57) =
4.4, p < 0.05, partial eta-squared = 0.07). Increasing negative emotion was rated as more
difficult than increasing positive emotion (p < 0.01), though no such difference was
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observed for decreasing emotion. There was no main effect of group (F(3,57) = 1.6, p >
0.1, partial eta-squared = 0.08) and no significant interactions among any of the factors.

Table 5.3. Ratings of Difficulty in Regulating Emotion by Picture
Category and Instruction Type.
Picture Category
Instruction Type

Pleasant

Unpleasant

NC

2.0 ± 1.2

2.5 ± 1.4

VMPFC

2.1 ± 1.1

2.7 ± 1.4

Non-VMPFC

2.3 ± 0.9

2.6 ± 1.0

Non-PFC

1.9 ± 1.1

2.6 ± 1.2

NC

2.8 ± 1.0

3.1 ± 1.1

VMPFC

3.4 ± 0.7

3.6 ± 1.0

Non-VMPFC

3.6 ± 1.0

3.0 ± 1.4

Non-PFC

3.6 ± 0.8

3.5 ± 1.1

Increase

Decrease

Note: Means and standard deviations are reported. Ratings are
given on a 5-point scale, with higher numbers indicating greater
difficulty.

5.3.8. Regulation Strategy Questionnaire
In general, participants across groups employed largely similar regulation
approaches. To increase positive emotion, the groups did not differ in their use of
cognitive change (χ2 (3) = 5.1, p > 0.1), attentional deployment (χ2 (3) = 2.7, p > 0.4), or
response modulation (χ2 (3) = 5.3, p > 0.1). Similarly, to decrease positive emotion, the
groups did not differ in their use of cognitive change (χ2 (3) < 1, p > 0.8), attentional
deployment (χ2 (3) = 1.1, p > 0.7), or response modulation (χ2 (3) = 3.0, p > 0.3). To
increase negative emotion, the groups were no different in their use of cognitive change
(χ2 (3) < 1, p > 0.8), attentional deployment (χ2 (3) = 1.2, p > 0.7), or response
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modulation (χ2 (3) = 1.1, p > 0.7). The groups also did not differ in their use of cognitive
change (χ2 (3) < 1, p > 0.8), attentional deployment (χ2 (3) < 1, p > 0.9), or response
modulation (χ2 (3) = 3.8, p > 0.2) when attempting to decrease negative emotion.

5.3.9. Sex Differences
The ANOVA analyses described above were repeated for each
psychophysiological measure with participant sex included as a between subjects factor.
To further examine possible sex differences in emotion regulation success, difference
scores (i.e., Increase–View, Decrease–View) were also computed separately for pleasant
and unpleasant picture trials for each psychophysiological measure. Analyses of startle
difference scores showed a main effect of sex for decreasing positive emotion (F(1,53) =
5.5, p < 0.05, partial eta-squared = 0.09), with women showing a greater reduction in
startle responses than men (p < 0.05). Similarly, analyses of SCR difference scores
revealed a main effect of sex for decreasing positive emotion (F(1,48) = 4.0, p = 0.05,
partial eta-squared = 0.08), with women tending to show more pronounced decreases in
responding than men (p = 0.05). No other significant main effects or interactions
involving sex were observed.

5.3.10. Effects of VMPFC Lesion Laterality
A series of repeated measures ANOVAs were conducted to examine whether
patients with bilateral VMPFC damage differed from patients with unilateral VMPFC
damage on any of the psychophysiological measures. A 3 picture category (Pleasant,
Neutral, Unpleasant) x 2 group (Bilateral VMPFC, Unilateral VMPFC) analysis of SCRs
for the View condition only revealed a marginally significant group x picture category
interaction (F(2,22) = 3.0, p = 0.07, partial eta-squared = 0.21), though none of the
pairwise comparisons involving group and picture category approached significance. A 2
picture category (Pleasant, Unpleasant) x 3 instruction type (View, Increase, Decrease) x
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2 group (Bilateral VMPFC, Unilateral VMPFC) analysis of heart rate change revealed a
significant main effect of group (F(1,12) = 15.5, p < 0.01, partial eta-squared = 0.56),
with bilateral VMPFC patients exhibiting less heart rate change overall compared to the
unilateral VMPFC patients. No other significant main effects or interactions involving
group were observed.
While the findings reported above suggest only modest differences between
unilateral and bilateral VMPFC patients, they still raise the possibility that combining
these patients into a single group may have contributed to the failure to find significant
group-level differences in the analyses described earlier. To address this possibility,
analyses were repeated for each psychophysiological measure, with bilateral and
unilateral VMPFC patients grouped separately. A 3 picture category (Pleasant, Neutral,
Unpleasant) x 5 group (NC, Bilateral VMPFC, Unilateral VMPFC, Non-VMPFC, NonPFC) analysis of SCRs in the View condition only showed a main effect of group
(F(4,51) = 2.7, p < 0.05, partial eta-squared = 0.17), with bilateral VMPFC patients
exhibiting a trend toward smaller SCRs compared to the NC group (p < 0.07). A 2
picture category (Pleasant, Unpleasant) x 3 instruction type (View, Increase, Decrease) x
5 group (NC, Bilateral VMPFC, Unilateral VMPFC, Non-VMPFC, Non-PFC) analysis of
SCRs showed a similar effect of group (F(4,51) = 3.0, p < 0.05, partial eta-squared =
0.19), with bilateral VMPFC patients showing smaller SCRs compared to the NC group
(p < 0.05). No other significant main effects or interactions involving group were
observed.

5.4. Discussion
The primary goal of the study described in this chapter was to characterize the
impact of focal PFC damage on voluntary emotion regulation. It was predicted that
damage involving VMPFC regions would be associated with greater impairment in
voluntary emotion regulation than damage involving non-VMPFC regions and that this
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impairment would be more pronounced following bilateral than unilateral VMPFC
damage. Consistent with the findings reported in the previous chapter, voluntary
attempts to regulate emotion were associated with reliable changes in
psychophysiological reactivity, particularly for the up-regulation of emotion. Following
an instruction to increase emotion, all groups except for the VMPFC group exhibited
patterns of heart rate change that were distinct from those associated with attempts to
decrease emotion, though no other differences between the groups were observed. The
data obtained from the subjective measures further indicate that the participant groups did
not differ in their perception of the stimuli, their perception of difficulty in regulating
emotion, or their approach to the regulation task. Targeted analyses comparing the
effects of bilateral versus unilateral VMPFC damage showed that bilateral VMPFC
patients exhibited less heart rate change, in general, than unilateral VMPFC patients.
Bilateral VMPFC patients also showed smaller SCRs compared to the NC group. The
finding of reduced psychophysiological reactivity in patients with bilateral VMPFC
damage is consistent with previous research (Tranel & Damasio, 1994). Overall, the
findings reported here provide only limited evidence that voluntary emotion regulation is
disrupted by VMPFC damage.
It was observed that attempts to up-regulate emotion were associated with
changes in startle magnitude that were similar for pleasant and unpleasant stimuli. This
finding appears to be inconsistent with the motivational priming hypothesis, which
suggests that attempts to increase emotion while viewing arousing pleasant pictures
would be associated with more pronounced attenuation of startle responses. These results
indicate that the affective startle modulation paradigm may not be particularly
informative regarding changes in affective valence during voluntary attempts to regulate
emotion. However, as noted in Chapter 4, it is possible that the potentiation of startle
responses during attempts to increase positive and negative emotion may reflect, in part,
heightened activation of both the appetitive and aversive motivational systems through
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the use of mental imagery (Lang, Bradley, & Cuthbert, 1997). Such activation may
represent a shift in focus from sensory intake to preparation for action (Bradley & Lang,
2007).
Regarding the down-regulation of emotion, attempts to decrease negative emotion
were associated with reduced corrugator EMG responses, and examination of difference
scores suggested that women were more effective in reducing startle responses and SCRs
than men. The lack of more striking decrease effects for the normal comparison group in
particular is surprising given that several previous studies of voluntary emotion
regulation have reported decrease effects using similar stimuli and measures (e.g., Dillon
& LaBar, 2005; Jackson et al., 2000). There are a number of possible explanations for
this discrepancy. First, although participants were encouraged to use approaches that
they felt would be most effective, it is possible that some participants adopted approaches
to decreasing emotion that they were not accustomed to using and were less effective in
implementing. Second, most studies of emotion regulation have included samples that
are much younger, on average, than the sample included in the current study. There is
evidence of an age-related decline in physiological reactivity that has been observed
during viewing of affective stimuli (Levenson, Carstensen, Friesen, & Ekman, 1991;
Smith, Hillman, & Duley, 2005). It is possible that such a decrease in physiological
responding limited the ability to detect any effects of decreasing emotion. It is also
conceivable that certain classes of affective stimuli (e.g., erotica) are experienced
differently by older and younger adults. Reduced responding to such stimuli may
therefore have contributed to the modest regulatory effects observed in the current study.
There are a number of limitations of the current study that should be
acknowledged. First, due to the small size of the sample, it is possible that there was
insufficient power to detect group-level differences. Also, because of the limited number
of patients with unilateral lesions, it was not possible to fully investigate effects of lesion
laterality on emotion regulation. A related limitation has to do with lesion coverage in
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the PFC patient groups. In particular, while every effort was made to recruit patients
with lesions in many different areas across the PFC, sampling was found to be extremely
limited in certain brain regions that may be important for regulating emotion, including
dorsal medial and lateral orbital PFC, as well as subgenual and anterior cingulate. As
noted previously, there is evidence linking portions of the anterior cingulate to the
regulation of autonomic activity (Critchley et al., 2000), while the subgenual cingulate
region has been implicated in the experience of negative effect (Mayberg et al., 2005).
Therefore, while these results provide further information regarding the role of the
VMPFC in emotion regulation, they do not address the contributions of other brain
regions that may be important for this function. Second, the lack of an online measure of
emotional experience is a limitation of this study. Such a measure would have helped to
establish the degree to which changes in emotion inferred from the psychophysiological
measures were consistent with changes in the emotional state of the participant. Third,
the measurement of heart rate change in this study allowed for basic assessment of
cardiovascular changes associated with emotional processing and volitional attempts to
regulate emotion. However, such a measure does not distinguish between sympathetic
and parasympathetic influences on cardiovascular activity and is therefore not a pure
measure of arousal. It is therefore acknowledged that the measure of heart rate change
may have reflected the influences of factors other than arousal (e.g., attention). Finally,
participants in this study were instructed to use whatever regulation approach or
approaches that they felt would be most effective. The rationale for this aspect of the
design was to approximate emotion regulation approaches adopted by participants in the
real-world, which they would presumably be most effective in implementing. However,
it is possible that variability both within and between subjects with regard to regulation
approach may have reduced the ability to detect regulatory differences across groups.
Such variability may also account for differences between these findings and those
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reported in previous studies that have focused on one or a few specific regulation
approaches (e.g., cognitive reappraisal).
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CHAPTER 6
THE EFFECTS OF PFC DAMAGE ON THE RESOLUTION
OF EMOTIONAL DISTRACTION

6.1. Background
The study described in the previous chapter attempted to characterize the effects
of focal PFC damage on voluntary emotion regulation. It was observed that volitional
attempts to up-regulate positive or negative emotion were associated with significant
changes in multiple indices of psychophysiological reactivity, though there were no
group-level differences observed between the participant groups. The study described in
this chapter examined the effects of PFC damage on a different form of emotional
regulation, in which the goal is to minimize the impact of emotion on ongoing cognitive
processing. As described in the previous chapter, patients with focal brain lesions
primarily involving VMPFC regions, non-VMPFC regions, or non-PFC regions were
recruited, along with a group of neurologically normal adults. Participants completed
perceptual judgment and go/no-go tasks in which the valence of a foreground picture was
manipulated to examine the effects of emotional distraction on response accuracy and
reaction time. Based on previous work, it was hypothesized that impairment in the
resolution of emotional distraction would be more strongly associated with non-VMPFC
damage, compared to VMPFC damage.

6.2. Methods
6.2.1. Participants
The current study included the same participants described in Chapter 5, with a
few exceptions. Due to time constraints during the testing session, data were not
obtained for three of the participants in the study in Chapter 5, including one patient in
the Non-VMPFC group and two patients in Non-PFC group. In addition, the current

58

study included two patients (both in the Non-PFC group) who did not participate in the
study described in Chapter 5. In total, this study included 15 patients with VMPFC
lesions, 8 patients with non-VMPFC lesions, 16 patients with non-PFC lesions, and 21
neurologically normal adults. Demographic, neuropsychological, and neuroanatomical
characteristics are summarized for each group in Table 6.1.

Table 6.1. Demographic, Neuroanatomical, and Neuropsychological Data.
NC

VMPFC

Non-VMPFC

Non-PFC

Age

58.2 ± 8.9

61.3 ± 7.9

53.8 ± 14.7

60.4 ± 8.1

Sex

9 F, 12 M

6 F, 9 M

3 F, 5 M

7 F, 9 M

Education

15.3 ± 2.3

13.7 ± 1.8

14.9 ± 3.2

14.6 ± 2.9

10 B, 3 L, 2 R

4 B, 3 L, 1 R

1 B, 11 L, 4 R

107.8 ± 13.2
106.5 ± 13.5

103.0 ± 14.8
106.0 ± 17.8

102.5 ± 20.1
106.4 ± 13.2

Demographics

Lesion Laterality
Neuropsychology
Verbal IQ
Performance IQ

114.0 ± 10.8
112.0 ± 12.7

Note: Means and standard deviations are reported for age, education, and IQ scores.

Brain-damaged patients were selected from the Patient Registry of the Division of
Cognitive Neuroscience at the University of Iowa, while neurologically normal adults
were recruited from the community. All patients were studied in the chronic epoch (at
least three months following lesion onset) and had no history of neurological disease
other than that which caused their lesion. Patients with impaired performances on
standardized measures of visuoperceptual ability (Benton Facial Recognition Test) or
language (Token Test) were excluded. Participants in the Non-PFC and Normal
Comparison groups were matched as closely as possible to the VMPFC and Non-VMPFC
patients according to age, sex, education, and available neuropsychological data. Normal
comparison participants were screened for any history of neurological or psychiatric
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disease. All participants provided informed consent in accordance with the Human
Subjects Committee at the University of Iowa.

6.2.2. Perceptual Judgment Task
6.2.2.1. Materials and Design
Distractor stimuli for this task included 120 color pictures (60 neutral and 60
unpleasant) that were mostly selected from the IAPS. The target stimulus for this task
consisted of a single white bar that was presented vertically on 50% of trials and
horizontally on the remaining 50% of trials (Figure 6.1A). The bar was presented either
to the left (50% of trials) or right (50% of trials) of the distractor stimulus. In an effort to
increase task difficulty, the vertical position of the bar on the screen (e.g., high, middle,
or low) was also varied. Each trial lasted for 2.5 s, with an intertrial interval of 1 s.
During each trial, the distractor was displayed for the entire 2.5 s, while the target was
presented for 2 s following an initial 500 ms delay. Trials were arranged in two
pseudorandomized orders (each consisting of two 60-trial blocks) in which pictures were
counterbalanced for order of presentation, target type (vertical or horizontal), and target
location (left or right of picture). All stimuli were presented on a PC computer screen
using Presentation software. Eye movements during this task were also recorded using
an infrared eye tracker, though these data are not reported here.

6.2.2.2. Procedure
Participants were told that they would be shown several pictures one at a time and
that a bar would be presented to the side of the picture. They were instructed to indicate
with a left or right mouse button press whether the bar presented to the side of the picture
was vertical or horizontal, regardless of the content of the picture. They were further
instructed to respond as quickly and as accurately as possible. Participants then
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completed several practice trials in order to familiarize them with the task. Feedback was
provided on practice trials to ensure that task instructions were clearly understood.

Figure 6.1. Design of the (A) Perceptual Judgment and (B) Affective Go/No-Go Tasks.

6.2.3. Affective Go/No-Go Task
6.2.3.1. Materials and Design
Distractor stimuli for this task included 120 color pictures (60 neutral and 60
unpleasant) that were mostly selected from the IAPS. The picture set used for this task
was different from the one used for the perceptual judgment task. Target stimuli included
circles (go trials) and squares (no-go trials) that were presented one at a time to the left
(50% of trials) or right (50% of trials) of the distractor stimulus (Figure 6.1B). Go targets
were presented on 70% of trials, while no-go targets were presented on the remaining
30% of trials. Each trial lasted for 2 s, with an intertrial interval of 1 s. Trials were
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arranged in two pseudorandomized orders (each consisting of two 60-trial blocks) in
which pictures were counterbalanced for order of presentation and target location (left or
right of picture). Stimuli were presented on a PC computer screen using Presentation
software. Eye movements during the task were recorded using an infrared eye tracker,
though these data are not reported here.

6.2.3.2. Procedure
Participants were told that they would be shown several pictures one at a time and
that a circle or square would be presented to the side of the picture. They were instructed
to respond with a button press whenever a circle was presented and to not respond when a
square was presented, regardless of the content of the picture. They were further
instructed to respond as quickly and as accurately as possible. Following these
instructions, the participant then completed several practice trials with feedback.

6.2.4. Data Reduction and Analysis
Analyses of response accuracy (percentage of trials) and reaction time (in ms)
were conducted for each measure of emotional distraction using 4 group by 2 picture
category (neutral, unpleasant) repeated measures ANOVAs, with group as a between
subjects factor and picture category as a within subjects factor. For the affective go/nogo task, reaction times were only available for go trials, as no button responses were
recorded on no-go trials. To further examine group differences in emotional distraction,
difference scores were calculated by subtracting response times on neutral picture trials
from response times on unpleasant picture trials. Significant differences were further
examined using Tukey Honest Significant Differences follow-up tests, and the
Bonferroni adjustment for multiple comparisons was applied where appropriate. As
recommended by Maxwell & Delaney (1990), all analyses on within-subjects variables
used the mixed-model univariate ANOVA, as opposed to a multivariate approach, due to

62

the relatively small sample size. The Greenhouse-Geisser epsilon correction procedure
(Geisser & Greenhouse, 1959) was used in order to control for the inflated Type I error
rate associated with the mixed-model univariate ANOVA when the sphericity assumption
is not met (Vasey & Thayer, 1987). A measure of effect size (partial eta-squared) is
included for each ANOVA.

6.3. Results
6.3.1. Participant Characteristics
A 4 group (NC, VMPFC, Non-VMPFC, Non-PFC) ANOVA confirmed that the
groups did not differ significantly with regard to age (F(3,56) = 1.3, p > 0.2, partial etasquared = 0.07) or education level (F(3,56) = 1.3, p > 0.2, partial eta-squared = 0.06). A
likelihood ratio test showed that the proportion of men and women in each group also did
not differ significantly (χ2 (3) = 0.1, p > 0.9). The proportion of patients with vascular
and non-vascular lesions also did not differ significantly between the patient groups (χ2
(2) = 1.7, p > 0.4).

6.3.2. Perceptual Judgment Task
An analysis of response accuracy for the perceptual judgment task revealed a
main effect of picture category (F(1,56) = 14.9, p < 0.001, partial eta-squared = 0.21),
with a higher rate of accuracy on trials with neutral compared to unpleasant pictures (p <
0.001) (Figure 6.2). There was no main effect of group (F(3,56) < 1, p > 0.9, partial etasquared = 0.01), though there was a significant group by picture category interaction
(F(3,56) = 3.8, p < 0.05, partial eta-squared = 0.17). Only the NC group showed
significantly lower response accuracy on unpleasant compared to neutral picture trials (p
< 0.05), while the Non-VMPFC group showed marginally lower accuracy on unpleasant
versus neutral trials (p = 0.07).
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Figure 6.2. Mean Accuracy on the Perceptual Judgment Task.
Means and standard errors are depicted.

An analysis of reaction time revealed a main effect of picture category (F(1,56) =
48.5, p < 0.001, partial eta-squared = 0.46). Response times were significantly slower on
trials with negative compared to neutral pictures (p < 0.001) (Figure 6.3).
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Figure 6.3. Mean Reaction Time on the Perceptual Judgment Task.
Means and standard errors are depicted.
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There was no main effect of group (F(3,56) < 1, p > 0.4, partial eta-squared = 0.04),
though there was a significant group by picture category interaction (F(3,56) = 2.9, p <
0.05, partial eta-squared = 0.14). All groups generally exhibited longer reaction times on
unpleasant compared to neutral picture trials (p < 0.05), though an analysis of difference
scores showed that the magnitude of this difference was greater for the Non-VMPFC
group compared to the VMPFC group (p < 0.05).

6.3.3. Affective Go/No-Go Task
An analysis of response accuracy for the affective go/no-go task revealed no main
effect of picture category (F(1,56) < 1, p > 0.4, partial eta-squared = 0.01) (Figure 6.4).
There was also no significant main effect of group (F(3,56) = 1.4, p > 0.2, partial etasquared = 0.07) or group by picture category interaction (F(3,56) = 1.2, p > 0.3, partial
eta-squared = 0.06).
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Figure 6.4. Mean Accuracy on the Affective Go/No-Go Task.
Means and standard errors are depicted.
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An analysis of reaction time revealed a main effect of picture category (F(1,56) =
44.0, p < 0.001, partial eta-squared = 0.44). Response times were significantly slower on
trials with negative compared to neutral pictures (p < 0.001) (Figure 6.5). There was no
main effect of group (F(3,56) < 1, p > 0.7, partial eta-squared = 0.02). However, a group
by picture category interaction was observed (F(3,56) = 2.8, p < 0.05, partial eta-squared
= 0.13). Slower response times for unpleasant compared to neutral picture trials were
observed for the NC, Non-VMPFC, and Non-PFC groups (p < 0.01) but not the VMPFC
group (p > 0.1). Analysis of difference scores of reaction times for unpleasant versus
neutral trials showed a marginally significant effect of group (p = 0.05), with the NonVMPFC group exhibiting a greater slowing in responding to unpleasant versus neutral
trials, compared to the VMPFC group.
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Figure 6.5. Mean Reaction Time on the Affective Go/No-Go Task.
Means and standard errors are depicted.

6.3.4. Sex Differences
The analyses described above were repeated for each emotional distraction
measure with participant sex included as a between subjects factor. To further examine
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possible sex differences in emotional distraction, difference scores were calculated by
subtracting response times on neutral picture trials from response times on unpleasant
picture trials. No statistically significant main effects or interactions involving sex were
observed. However, analysis of reaction time data for the affective go/no-go task showed
a marginally significant main effect of sex (F(1,52) = 3.4, p = 0.07, partial eta-squared =
0.06), with women showing a trend toward greater distraction (i.e., longer reaction times
on unpleasant versus neutral picture trials) compared to men (p = 0.07).

6.4. Discussion
The goal of the study described in this chapter was to characterize the impact of
focal PFC damage on the ability to resolve emotional distraction. It was predicted that
damage involving Non-VMPFC regions would be associated with greater impairment in
this ability than damage involving the VMPFC. Consistent with this prediction, the NonVMPFC group showed evidence of greater distraction (i.e., longer reaction times) by
negative emotional stimuli compared to the VMPFC group. This finding is also
consistent with previous research implicating Non-VMPFC regions in the resolution of
emotional distraction. In contrast, these results suggest that VMPFC damage does not
disrupt the ability to overcome salient emotional distractors. One possible explanation
for this finding is that the VMPFC may be important for processing emotional arousal
and that damage to this region reduces the arousal elicited by emotional images. In this
context, such a reduction in arousal could potentially reduce competition between targets
and distractors, resulting in less distraction.
The lack of significant differences between the Non-VMPFC group and the
comparison groups indicates that the ability to overcome distraction was not significantly
disrupted by damage to Non-VMPFC regions. The lack of more pronounced group-level
differences may be explained, in part, by insufficient statistical power to detect additional
effects. As discussed in Chapter 5, lesion coverage in the PFC was very limited,
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particularly in non-VMPFC regions, with some regions having no lesion coverage at all.
Also, due to low numbers of patients with unilateral lesions, it was not possible to
examine effects of laterality. Future studies with larger patient samples across a wider
range of brain regions will be needed to more adequately assess the contributions of
different PFC regions to the resolution of emotional distraction.
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CHAPTER 7
THE EFFECTS OF PFC LESION SIZE AND
LOCATION ON EMOTION REGULATION

7.1. Background
In Chapter 5, it was hypothesized that impairments of emotion regulation would
be more strongly associated with damage to the VMPFC, compared to other PFC regions.
However, the results from group-level analyses in that chapter do not support the notion
that the VMPFC plays a critical role in the voluntary regulation of emotion. In Chapter 6,
it was predicted that impairment of emotion regulation (i.e., greater emotional distraction)
would be more strongly associated with damage involving non-VMPFC regions,
compared to VMPFC damage. For the affective go/no-go task, it was observed that
patients with non-VMPFC damage exhibited a greater slowing in response times,
compared to the VMPFC group, though no other group-level differences were observed.
However, the group-level analyses described in these previous chapters did not fully take
into account neuroanatomical factors (i.e., lesion size and location) that may moderate the
impact of PFC damage on emotion regulation. The purpose of this chapter is to
characterize the effects of PFC lesion size and location on voluntary emotion regulation
and emotional distraction. Analyses of lesion size and location were carried out to
determine the extent to which these anatomical variables predict emotion regulation
success. For both voluntary emotion regulation and emotional distraction measures, it
was predicted that PFC lesion size would be a significant predictor of emotion regulation,
with greater lesion size being associated with less regulatory success. With regard to
lesion location, it was predicted that VMPFC damage would be associated with less
regulatory success on measures of voluntary emotion regulation (i.e., less change in
psychophysiological reactivity in the Increase and Decrease conditions compared to the
View condition), compared to non-VMPFC damage. For measures of emotional
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distraction, it was expected that non-VMPFC damage would be associated with less
effective resolution of emotional distraction (i.e., longer reaction times on trials with
unpleasant versus neutral distractor images).

7.2. Methods
7.2.1. Participants
The analyses discussed in this chapter were based on available data from the same
VMPFC and non-VMPFC patients described in Chapters 5 and 6. However, volumetric
data could not be generated for two patients in the VMPFC group and one patient in the
Non-VMPFC group, as these patients’ lesions could not be represented with a reasonable
degree of confidence using the MAP-3 method (described below). In total,
neuroanatomical data were available for 13 patients in the VMPFC group and eight
patients in the Non-VMPFC group.

7.2.2. Data Reduction and Analysis
Neuroanatomical analyses were conducted using magnetic resonance (MR)
images acquired using either a 1.5 Tesla General Electric Signa scanner or a Siemens
Trio (3T) scanner. For patients who were unable to complete an MRI scan, analyses
were carried out using available computerized tomography (CT) images. The MAP-3
method (Frank, Damasio, & Grabowski, 1997) was utilized to allow for analysis of the
placement of lesions across both patient groups. This technique involves: (1.) visualizing
MR/CT slices of a lesioned brain and a reference brain reconstructed in three dimensions
using Brainvox software (Frank et al., 1997), (2.) creating a match between the two
brains so that both are in the same orientation, and (3.) using anatomical landmarks to
manually warp the lesion contours onto the reference brain, which allows one to represent
lesions from multiple patients in a common space. Lesion overlap images generated
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using available MAP-3 data for the VMPFC and Non-VMPFC groups are provided in
Figure 7.1.

Figure 7.1. Lesion Overlaps for the VMPFC (Left) and Non-VMPFC (Right) Groups.

Lesion location was further specified for each PFC lesion group using a
parcellation scheme of the reference brain developed by Tom Grabowski and Hanna
Damasio. This scheme divides the cortical surface (as well as subcortical structures) into
a number of functionally and anatomically meaningful regions (Figure 7.2). Based on
this parcellation scheme, the VMPFC region included the following regions (approximate
Brodmann areas are indicated in parentheses): ventral medial superior frontal gyrus
(vmSFG; BA 12 and 10), medial orbital gyrus (mOrbG; BA 11), gyrus rectus (Grec; BA
11), and the subgenual cingulate region (Cing_sg; BA 25, 24, 32, and 33).
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Figure 7.2. Lateral and Mesial Views of Anatomical Parcellation for Each Hemisphere.

The Non-VMPFC region included the anterior lateral superior frontal gyrus (alSFG; BA
8 and 9), posterior lateral superior frontal gyrus (plSFG; BA 6 and 8), supplementary
motor area (SMA; BA 6), anterior medial superior frontal gyrus (amSFG; BA 8 and 9),
anterior middle frontal gyrus (MFGa; BA 46 and 9), posterior middle frontal gyrus
(MFGp; BA 6 and 8), inferior frontal gyrus pars opercularis (IFGpo; BA 44), inferior
frontal gyrus pars triangularis (IFGpt; BA 45), inferior frontal gyrus pars orbitalis
(IFGporb; BA 47), and lateral orbital gyrus (lOrbG; BA 11).
From available MAP-3 data, gray and white matter lesion volumes (in cubic mm)
were calculated within each region for each patient using a script written by Joel Bruss.
VMPFC patients’ lesions involved each of the VMPFC regions listed above, as well as
portions of frontal pole (FP; BA 10), anterior cingulate (Cing_ant; BA 24, 32, and 33),
anterior lateral superior frontal gyrus (alSFG; BA 8 and 9), posterior lateral superior
frontal gyrus (plSFG; BA 6 and 8), supplementary motor area (SMA; BA 6), anterior
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medial superior frontal gyrus (amSFG; BA 8 and 9), anterior middle frontal gyrus
(MFGa; BA 46 and 9), posterior middle frontal gyrus (MFGp; BA 6 and 8), inferior
frontal gyrus pars triangularis (IFGpt; BA 45), inferior frontal gyrus pars orbitalis
(IFGporb; BA 47), lateral orbital gyrus (lOrbG; BA 11). In the Non-VMPFC group,
patients’ lesions involved each of the Non-VMPFC regions listed above, as well as
portions of frontal pole (FP; BA 10), ventral medial superior frontal gyrus (vmSFG; BA
12 and 10), medial orbital gyrus (mOrbG; BA 11), gyrus rectus (Grec; BA 11), subgenual
cingulate (Cing_sg; BA 25, 24, 32, and 33), and anterior cingulate (Cing_ant; BA 24, 32,
and 33). The proportions of gray and white matter damage within PFC as well as
cingulate regions are provided for each patient in Table 7.1. These proportions were
calculated as the total lesion volume in a given PFC region divided by the total volume of
that region in the reference brain.
Between-group comparisons of lesion size were carried out using an ANOVA
with group (VMPFC, Non-VMPFC) as a between subjects factor. Lesion size was
defined as the total volume of gray and white matter damage (in cubic mm) for each
patient. The relationship between lesion size and measures of emotion regulation was
initially examined using Spearman correlations. Spearman correlations were calculated
instead of Pearson correlations based on the finding that lesion size and a subset of the
emotion regulation variables were non-normally distributed, and also to minimize the
influence of outliers in the data. For each psychophysiological measure, emotion
regulation was quantified by calculating difference scores (i.e., Increase–View)
separately for pleasant and unpleasant picture trials for each measure. Emotion
regulation was quantified for each distraction task by subtracting reaction time (in ms) on
neutral trials from reaction time on unpleasant trials. Statistically significant correlations
were followed up using linear regression analyses, with lesion size as the predictor
variable, and emotion regulation as the dependent variable.

Table 7.1. Proportions of Gray and White Matter Damage Within PFC and Cingulate Regions.
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Note: Values reflect the proportions of gray and white matter damage in a given region relative to the reference brain. GM= gray
matter; WM= white matter.

Table 7.1. Continued
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The regression analyses mentioned above allowed for testing of a mediational
model in which the relationship between two variables (i.e., PFC damage and real-world
functioning) is mediated by a third “mediator” variable (i.e., emotion regulation). Based
on the approach detailed by Baron and Kenny (1986), the mediational model would be
supported if the following conditions were met: (1) PFC lesion size is a significant
predictor of emotion regulation; (2) PFC lesion size is a significant predictor of realworld functioning, and if (3) emotion regulation significantly predicts real-world
functioning in PFC lesion patients, while weakening the impact of PFC lesion size on
real-world functioning. The test of the initial step in this model will be addressed in this
chapter, while the tests of the remaining two steps are discussed in Chapter 8.
Additional analyses were carried out to examine the effects of lesion size within
the PFC, as well as within VMPFC and non-VMPFC regions. Lesion size was defined as
the total proportion of gray and white matter damage within a given region. Lesion size
within the PFC as a whole was quantified as the total proportion of damage within
VMPFC and Non-VMPFC subregions, as well as the frontal pole (FP), which was not
strictly categorized as a VMPFC or Non-VMPFC subregion. Analyses were not
performed for a subset of regions in which very few patients had damage, including
IFGpo (n = 3), IFGpt (n = 5), plSFG (n = 4), and SMA (n = 4).

7.3. Results
7.3.1. Analyses of Lesion Size
A group-level comparison of lesion size showed no main effect of group,
indicating that the VMPFC and Non-VMPFC groups did not differ with regard to the
extent of their brain damage (F(1,19) < 1, p > 0.8, partial eta-squared = 0.001).
Correlational analyses of the relationship between lesion size and emotion regulation
showed that there was a significant positive association between lesion size and increased
corrugator responses for unpleasant picture trials (r = 0.44, p < 0.05). Lesion size was

76

also found to be negatively correlated with increased heart rate responses on pleasant
picture trials (r = –0.49, p < 0.05). Linear regression analyses showed that there was a
significant linear relationship between lesion size and increased heart rate responses on
pleasant trials (B= -0.54, p < 0.05, R2= 0.29; F(1,17) = 6.9, p < 0.05). No other
statistically significant effects involving lesion size and emotion regulation measures
were observed.

7.3.2. Analyses of PFC Lesion Volume
Correlational analyses were conducted to assess the relationship between the
proportion of damage involving PFC, VMPFC, and Non-VMPFC regions and emotion
regulation. Linear regression analyses were conducted based on significant correlations,
and these results are summarized in Table 7.2. The proportion of damage to the PFC as a
whole was negatively correlated with increased heart rate responses on pleasant picture
trials (r = –0.53, p < 0.05). A significant positive correlation was observed between the
proportion of VMPFC damage and increased corrugator responses on unpleasant picture
trials (r = 0.52, p < 0.05). Proportion of VMPFC damage was also found to be positively
correlated with emotional distraction (i.e., longer reaction times to negative versus neutral
distractors) on the perceptual judgment task (r = 0.54, p < 0.05). The proportion of
damage involving Non-VMPFC regions was found to be positively correlated with
decreased heart rate responses on pleasant picture trials (r = 0.54, p < 0.05) and
negatively correlated with increased heart rate responses on pleasant picture trials (r = –
0.51, p < 0.05). No other significant effects were observed.
Analyses examining the relationship between the proportion of damage within
VMPFC subregions revealed significant positive correlations between the proportion of
total damage to gyrus rectus and decreased startle responses for unpleasant picture trials
(r = 0.61, p < 0.05) and decreased heart rate responses on pleasant picture trials (r = 0.64,
p < 0.05). The proportion of damage to the medial orbital gyrus was found to be
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Table 7.2. Regression Results for PFC Lesion Volume and Emotion Regulation.
Predictors
PFC Les. Vol.
VMPFC Les. Vol.
VMPFC Les. Vol.
Non-VMPFC Les. Vol.
Non-VMPFC Les. Vol.
Grec Les. Vol.
Grec Les. Vol.
mOrbG Les. Vol.
vmSFG Les. Vol.
alSFG Les. Vol.
amSFG Les. Vol.
FP Les. Vol.
IFGporb Les. Vol.
MFGa Les. Vol.
MFGp Les. Vol.

Dependent Measures
HR Increase Positive
Corr. Increase Negative
Per. Jud. Distraction
HR Decrease Positive
HR Increase Positive
HR Decrease Positive
Startle Decrease Negative
HR Increase Negative
Per. Jud. Distraction
Corr. Decrease Negative
Go/No-Go Distraction
HR Increase Positive
Startle Increase Positive
SCR Increase Negative
Corr. Increase Negative

Beta
-0.57*
0.05
0.50*
0.3
-0.46
0.51
0.45
-0.42
0.71**
-0.29
-0.69**
-0.56*
-0.25
-0.49
0.42

R2
0.32
0.003
0.25
0.09
0.21
0.26
0.21
0.18
0.5
0.09
0.48
0.32
0.06
0.24
0.18

ANOVA Results
F(1,17) = 8.1, p < 0.05
F(1,16) < 1, p > 0.8
F(1,15) = 5.0, p < 0.05
F(1,15) = 1.5, p > 0.2
F(1,15) = 4.1, p > 0.05
F(1,11) = 3.9, p > 0.05
F(1,12) = 3.1, p > 0.1
F(1,12) = 2.5, p > 0.1
F(1,15) = 15.2, p < 0.01
F(1,13) = 1.2, p > 0.2
F(1,12) = 10.9, p < 0.01
F(1,14) = 6.5, p < 0.05
F(1,9) < 1, p > 0.4
F(1,9) = 2.8, p > 0.1
F(1,6) = 1.3, p > 0.3

Note: *p < 0.05, **p< 0.01. Les. Vol.= lesion volume, Corr.= corrugator, HR= heart
rate, Per. Jud.= Perceptual Judgment, SCR=skin conductance responses.

negatively correlated with increased heart rate responses for unpleasant picture trials (r =
–0.54, p < 0.05). In addition, the proportion of damage to the vmSFG region was
positively correlated with emotional distraction on the perceptual judgment task (r = 0.71,
p < 0.01). No other significant effects were observed. Analyses involving Non-VMPFC
subregions showed a significant negative correlation between damage to the IFGporb
region and increased startle responses on pleasant picture trials (r = –0.62, p < 0.05). A
negative correlation between damage involving the alSFG region and decreased
corrugator responses for unpleasant picture trials was observed (r = –0.54, p < 0.05),
while damage involving the MFGp region was positively correlated with increased
corrugator responses for unpleasant picture trials (r = 0.76, p < 0.05). The proportion of
damage involving the MFGa region was found to be negatively associated with increased
SCRs for unpleasant picture trials (r = –0.70, p < 0.05). Damage involving the frontal
pole region was found to be negatively correlated with increased heart rate responses on
pleasant picture trials (r = –0.52, p < 0.05). Finally, the proportion of damage involving
the amSFG region was found to be negatively correlated with emotional distraction on
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the affective go/no-go task (r = –0.67, p < 0.01). No other significant effects were
observed.

7.4. Discussion
The analyses described in this chapter attempted to further characterize the effects
of PFC damage on the regulation of emotion. It was predicted that more extensive PFC
damage would be associated with reduced ability to regulate emotion. Consistent with
this hypothesis, PFC lesion volume was found to be a significant predictor of heart rate
increases for pleasant picture trials, indicating that more extensive PFC damage was
associated with less effective increasing of positive emotion. This finding provides
support for the first step in the mediational model described previously.
It was further predicted that VMPFC damage would be associated with less
regulatory success on measures of voluntary emotion regulation, while non-VMPFC
damage would be associated with less effective resolution of emotional distraction.
Consistent with the first prediction, it was observed that more damage involving the
medial orbital gyrus was correlated with less pronounced increasing of heart rate on
unpleasant trials. It was also observed that greater damage involving the frontal pole was
associated with less pronounced increasing of heart rate on pleasant trials, suggesting a
possible role of this region in the up-regulation of positive emotion. Inconsistent with the
second prediction, lesion volume in the anterior medial superior frontal gyrus (amSFG)
was associated with less pronounced emotional distraction. One possibility is that this
region is involved in the processing of emotional arousal and that damage here results in
reduced arousal and thus less distraction, which is consistent with functioning imaging
studies that have implicated the dorsal medial PFC in the processing of emotional arousal
(Dolcos, LaBar, & Cabeza, 2004).
Interestingly, it was also observed that more extensive VMPFC damage was
associated with less effective resolution of emotional distraction and that more damage to
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certain Non-VMPFC regions was associated with less effective voluntary regulation of
emotion. The VMPFC finding is especially surprising, given the results of Chapter 6,
which showed that emotional distraction was more pronounced in patients with nonVMPFC damage. This finding also suggests that the VMPFC may directly or indirectly
play a role in the resolution of emotional distraction but that disruption in this ability may
only be apparent following extensive damage to this region. Consistent with this notion,
portions of the medial prefrontal cortex and rostral anterior cingulate have been
implicated in the resolution of conflict introduced by salient emotional distractors (Etkin,
Egner, Peraza, Kandel, & Hirsch, 2006), which may occur via inhibition of amygdala
activity triggered by an emotional distractor. It is therefore possible that VMPFC damage
may disrupt such inhibition, resulting in less effective resolution of emotional distraction.
Overall, these findings suggest that the volitional control of emotion and the ability to
overcome emotional distraction are likely dependent, to some degree, on the integrity of
VMPFC and Non-VMPFC regions.
There are a number of limitations of the analyses discussed in this chapter. First,
the power to detect statistically significant effects was limited by the small size of the
sample, particularly with regard to Non-VMPFC patients. Limited lesion sampling in
areas that are important for emotion regulation may explain some inconsistencies
between the current study and previous studies of emotion regulation and may have
contributed to the lack of more pronounced effects in this study. For example, a number
of functional imaging studies have implicated the inferior frontal gyrus as a region that
may be important for resolving emotional distraction. However, analyses could not be
carried out for a large portion of this region (pars orbitalis and pars triangularis), thus
limiting the ability to assess the effects of damage in this region. Further studies with
larger samples of patients with focal PFC lesions will help to shed further light on the
contributions of different PFC regions to emotion regulation. Second, calculation of
lesion white matter volume was limited to white matter subjacent to the PFC, while
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damage involving core white matter structures was not quantified. Analyses discussed in
this chapter therefore do not speak to the involvement of deep white matter pathways in
emotion regulation. Finally, difference scores for psychophysiological variables were
calculated with higher numbers indicating greater increases or decreases in responding.
Although this method of quantifying emotion regulation implies that greater change is
“better,” it is acknowledged that more pronounced modulation of emotion may be highly
maladaptive depending on the context. Therefore, while these results provide evidence
that PFC damage can influence the ability to regulate emotion, they do not address the
degree to which such effects are likely to have an adverse impact on real-world
functioning.
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CHAPTER 8
THE RELATIONSHIP BETWEEN EMOTION REGULATION
AND REAL-WORLD FUNCTIONING FOLLOWING PFC DAMAGE

8.1. Background
Impairments in the regulation of emotion and behavior have long been associated
with damage involving the VMPFC. In a study by Anderson and colleagues (2006),
patients with VMPFC damage were rated by family members as having more pronounced
emotional disturbances, compared to patients with damage elsewhere in the brain. It was
further observed that ratings of heightened emotional reactivity and hypo-emotionality in
VMPFC lesion patients were strongly associated with greater impairment in real-world
competencies. However, no study to date has specifically addressed the relationship
between emotional regulation and real-world functioning in patients with focal brain
damage. The analyses described in this chapter were aimed at characterizing the extent
to which (1) PFC damage is associated with impairments in real-world functioning, and
(2) reduced ability to regulate emotion following PFC damage is associated with
emotional and/or behavioral dysfunction in the real-world. Emotion regulation was
indexed using the same psychophysiological and behavioral measures described in
Chapters 5 and 6, while real-world functioning was assessed using the Iowa Scales of
Personality Change and the Clinician Rating of Competency (Anderson et al., 2006;
Barrash, Tranel, & Anderson, 2000). It was predicted that more extensive damage
involving the PFC would be associated with impairment of emotion regulation, and that
impairment of emotion regulation would be associated with impaired real-world
functioning, particularly in patients with PFC damage.
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8.2. Methods
8.2.1. Participants
The analyses described in this chapter were based on the same groups of VMPFC
and Non-VMPFC lesion patients described in Chapters 5 and 6. Data on the CRC were
available for all 42 of these patients. However, ratings on the ISPC were not available for
5 of the patients in the VMPFC group, 3 patients in the Non-VMPFC group, and 9 of the
Non-PFC patients.

8.2.2. Materials
8.2.2.1. Iowa Scales of Personality Change
The Iowa Scales of Personality Change (ISPC; Anderson et al., 2006; Barrash et
al., 2000) are a standardized set of rating scales intended to assess personality changes
that may occur in response to brain dysfunction. The ISPC is typically completed by a
family member who has had extensive contact with a patient both before and following
the onset of their neurological condition. Ratings are completed on each of the following
30 scales: Irritability, Lack of Initiative, Perseveration/Overly Repetitive Behavior,
Depression, Impulsivity, Obsessiveness, Lability/Moodiness, Lack of Stamina, Lack of
Persistence, Lack of Planning, Inflexibility, Poor Judgment, Anxiety, Insensitivity, Social
Inappropriateness, Dependency, Impatience, Type A Behavior, Blunted
Affect/Unemotional, Social Withdrawal, Aggression, Indecisiveness, Vanity,
Suspiciousness, Apathy, Frugality, Inappropriate Affect/Emotion, Manipulativeness,
Vulnerability to Pressure/Easily Overwhelmed, and Lack of Insight. Four of these scales
(Type A Behavior, Vanity, Frugality, and Manipulativeness) are control scales that are
used for detection of response bias. Each scale is rated on a 7-point scale, with a rating of
1 indicating very good functioning and a rating of 7 indicating severe dysfunction in a
given domain.
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8.2.2.2. Clinician Rating of Competency
The Clinician Rating of Competency (CRC; Anderson et al., 2006) is a rating
intended to quantify demonstrated mental competency across key domains of real-world
functioning, including interpersonal behavior, employment/academic status, health and
safety-related behavior, financial management, and leisure/recreational behavior. This
rating is based on all available information on a given patient, including interviews of the
patient and collaterals, as well as legal, medical, and academic records. Behavior within
each of the five domains is rated by a clinician on a scale ranging from -2 (evidence of
severe incompetence) to +2 (evidence of high competency). A rating of 0 indicates no
evidence of demonstrated competency or incompetence within a given domain, which
can be given if there is no evidence available in the patient’s record, if a patient faces no
demands in that domain, or if incompetence is due to a non-neuropsychological factor.

8.2.3. Data Reduction and Analysis
Difference scores were created for each psychophysiological and behavioral
measure as described in Chapter 7. Raw difference scores were standardized and
converted to t-scores for comparison across measures. A composite score based on the
CRC was calculated by summing the individual ratings for each of the five rated
domains, resulting in a score ranging from -10 to 10. Raw scores were then converted to
a positive scale (0–20) by adding 10 to each raw score. Collateral ratings of current
functioning on the ISPC (i.e., “Now” ratings) were used to index severity of real world
emotional and behavioral impairments. Consistent with the procedures of Anderson et al.
(2006), composite scores were created to index two forms of real-world emotional
dysfunction: hypo-emotionality and emotional reactivity. A third composite score was
created to index real-world competencies. It should be noted that the version of the ISPC
used in the current study does not contain certain scales that were used in the Anderson et
al. study. In total, the hypo-emotionality, emotional reactivity, and real-world
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competencies composite scores used in the current study contain all but 1, 1, and 2,
respectively, of the scales included in the composite measures described by Anderson et
al. The hypo-emotionality composite score was formed by summing ratings on the
following ISPC scales: Blunted Affect/Unemotional, Apathy, and Social Withdrawal.
The emotional reactivity composite score was based on ratings on the following scales:
Lability/Moodiness, Irritability, and Anxiety. The composite score of real-world
competencies was calculated by summing ratings on the following scales: Poor
Judgment, Inflexibility, Lack of Planning, Indecisiveness, Lack of Initiative, Lack of
Persistence, Perseveration/Overly Repetitive Behavior, Social Inappropriateness,
Insensitivity, Impulsivity, and Dependency. It was found that there were missing ratings
for three of the patients on one of the scales (Lack of Persistence) contained in the realworld competencies composite measure. For these three patients, the mean of the
remaining 10 scales included in this composite score was calculated and used in place of
the Lack of Persistence rating.
Due to the limited amount of rating data available, the VMPFC and Non-VMPFC
groups were combined, and group comparisons involving these measures were carried
out between PFC and Non-PFC groups. A group-level comparison of ratings based on
each CRC and ISPC composite score was conducted using a 2 group (PFC, Non-PFC)
ANOVA, with group as a between-subjects factor. Also, consistent with procedures
described by Anderson et al. (2006), scores in the lowest quartile of the distribution of
CRC scores were taken as evidence of impairment in real-world competencies.
Similarly, ISPC scores in the highest quartile of the distribution for the real-world
competencies composite measure were interpreted as evidence of impaired real-world
competencies. ISPC scores in the highest quartile of the distribution for the hypoemotionality and emotional reactivity composite measures were interpreted as evidence
of impairment in real-world emotion regulation. For each CRC and ISPC composite
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measure, the percentage of ‘impaired’ patients was compared across groups using
likelihood ratio tests.
The relationships between PFC lesion size and measures of real-world
functioning, as well as emotion regulation and real-world functioning, were examined
using Spearman correlations. These analyses were conducted using difference scores for
all emotion regulation measures (as described in Chapter 7) and CRC and ISPC
composite scores. Statistically significant correlations were followed up using linear
regression analyses, with PFC lesion size or emotion regulation as the predictor variable,
and CRC and ISPC composite scores as the dependent variables. These regression
analyses were intended to provide further tests of the mediational model described in
Chapter 7. Based on the approach detailed by Baron and Kenny (1986), support for this
mediational model would be obtained if (1) PFC lesion size is found to be a significant
predictor of real-world functioning, and if (2) emotion regulation significantly predicts
real-world functioning in PFC lesion patients, while weakening the impact of PFC lesion
size on real-world functioning. Because volumetric lesion data were available only for
the VMPFC and Non-VMPFC patients, group effects observed in the first step of this test
pertain only to these two groups. Each regression model was initially tested for all
patients and a second model with group included was constructed to test for possible
group effects.

8.3. Results
8.3.1. Group Comparisons on Measures of Real-World Functioning
PFC and non-PFC patient groups were found to differ significantly on the CRC
composite measure (F(1,40) = 11.2, p < 0.01, partial eta-squared = 0.22). The
percentages of patients showing evidence of impairment on the CRC in the PFC and
Non-PFC groups were 38% and 6%, respectively. A likelihood ratio test revealed a
significant difference across groups (χ2 (1) = 6.6, p < 0.05). Correlational analyses were
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conducted to examine the relationship between emotion regulation measures and CRC
scores, though no significant correlations were found.
Comparisons of ISPC ratings between PFC and Non-PFC groups revealed no
main effect of group for hypo-emotionality (F(1,23) < 1, p > 0.6, partial eta-squared =
0.01), emotional reactivity (F(1,23) < 1, p > 0.6, partial eta-squared = 0.01), or real-world
competencies (F(1,23) < 1, p > 0.8, partial eta-squared = 0.002). The percentages of
patients in the PFC and Non-PFC groups showing evidence of impairment were 19% and
33%, respectively, on the hypo-emotionality composite measure, 31% and 22% on the
emotional reactivity measure, and 25% and 22% on the real-world competencies
measure. Likelihood ratio tests showed that none of these patterns was statistically
significant (p > 0.4).

8.3.2. Relationship Between PFC Damage and Real-World Functioning
Correlational analyses were conducted to examine the relationship between PFC
lesion volume and measures of real-world functioning. The total proportion of damage to
the PFC was found to be negatively correlated with scores on the CRC (r = –0.56, p <
0.01). PFC lesion volume was also positively correlated with the real-world behavior
ISPC composite score (r = 0.56, p < 0.05), but not with the ISPC hypo-emotionality or
emotional reactivity measures (p > 0.5). Linear regression analyses were carried out to
provide additional tests of the mediational model specified above. The results of these
analyses are summarized in Table 8.1. No group effects were observed in any of these
analyses.
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Table 8.1. Regression Results for PFC Lesion Volume and Real-World Functioning.
Predictor
PFC Lesion Volume
PFC Les. Vol. (+ Group)
PFC Lesion Volume
PFC Les. Vol. (+ Group)

Dependent Measure
CRC Composite Score
CRC Composite Score
ISPC Real-world Behavior
ISPC Real-world Behavior

Beta
-0.64**
-0.47
0.59*
0.68

R2
0.40
0.45
0.35
0.37

ANOVA Results
F(1,19) = 12.9, p < 0.01
F(3,17) = 4.6, p < 0.05
F(1,12) = 6.5, p < 0.05
F(3,10) = 2.0, p > 0.1

Note: Results are reported for regression models with and without group factor included,
*p < 0.05, **p< 0.01.

8.3.3. Relationship Between Emotion Regulation and Real-World Functioning
Correlational analyses were carried out to assess the relationship between emotion
regulation measures and measures of real-world functioning. Statistically significant
correlations were observed between increased SCRs for unpleasant picture trials and the
ISPC emotional reactivity composite measure (r = 0.49, p < 0.05), and also between
increased zygomatic responses on unpleasant picture trials and the ISPC emotional
reactivity measure (r = 0.47, p < 0.05). No other significant correlations were observed.
The results of linear regression analyses involving these measures are provided in Table
8.2. No significant effects of group were observed in these analyses.

Table 8.2. Regression Results for Emotion Regulation and Real-World Functioning.
Predictors
SCR Inc. Neg.
SCR Inc. Neg. (+Grp)
Zygo. Inc. Neg.
Zygo. Inc. Neg. (+Grp)

Dependent Measure
ISPC Emotional React.
ISPC Emotional React.
ISPC Emotional React.
ISPC Emotional React.

Beta
0.47*
0.62
0.33
0.59

R2
0.22
0.24
0.11
0.15

ANOVA Results
F(1,21) = 6.0, p < 0.05
F(3,19) = 2.0, p > 0.1
F(1,21) = 2.6, p > 0.1
F(3,19) = 1.1, p > 0.3

Note: Results are reported for regression models with and without group factor included,
*p < 0.05, **p< 0.01. Grp= group, SCR=skin conductance responses, Zygo.= zygomatic,
Inc.= increase, Neg.= negative, React.= reactivity.

8.4. Discussion
The purpose of the analyses described in this chapter was to evaluate the extent to
which PFC damage is associated with impairments in real-world emotional and
behavioral functioning, and to examine the degree to which reduced ability to effectively
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regulate emotion is associated with impaired real-world functioning. PFC lesion size was
found to be a significant predictor of real-world competencies, and there was no evidence
that these relationships were dependent on the location of the damage within the PFC
(i.e., VMPFC or Non-VMPFC). These findings provide additional support for the
mediational model discussed previously.
It was also found that a subset of the emotion regulation measures were associated
with ratings of emotional reactivity in the real world, though there was no evidence that
these relationships were more pronounced for the PFC lesion patients. These findings
therefore suggest that emotion regulation does not mediate the relationship between PFC
damage and impairments in real-world functioning. However, it should be noted that the
ability to detect statistically significant effects, particularly those involving ISPC
measures, was limited by the small amount of data available. This limitation precluded
examination of possible differences between VMPFC and Non-VMPFC patients with
regard to the relationship between emotion regulation and real-world functioning, though
it is possible that the combination of these two groups contributed to the failure to find
stronger evidence of such a relationship in the current study.
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CHAPTER 9
CONCLUSION

The aim of this project was to further characterize the role of the PFC in emotion
regulation and the degree to which emotional dysregulation contributes to impaired realworld functioning in patients with PFC damage. The studies described in this thesis were
intended to examine the effects of PFC damage on two forms of emotion regulation: (1)
voluntary emotional modulation, and (2) the resolution of distraction by salient emotional
stimuli. The results from the voluntary emotion regulation discussed in Chapter 5
suggest that the VMPFC may not play a critical role in the volitional control of emotion.
However, while reliable effects of increasing emotion were observed across all
psychophysiological measures in that study, no clear effects of decreasing positive or
negative emotion were observed at the group level. Therefore, the impact of damage to
the VMPFC, as well as other brain regions, in the context of down-regulating emotion
remains an open question for future research. The results from the emotional distraction
study in Chapter 6 suggest that Non-VMPFC regions are more important for overcoming
emotional distraction than are VMPFC regions. However, due to the limited number of
patients in this study, further work will be needed to more clearly evaluate the effects of
PFC damage on this form of emotion regulation.
The analyses discussed in Chapter 7 were intended to evaluate the effects of PFC
lesion size and location. The results of these analyses provide only limited evidence that
the VMPFC is important for the volitional control of emotion and indicate that nonVMPFC regions may be just as important for this ability if not more. In addition, these
analyses build on previous studies of emotional distraction by providing evidence that
dorsal and ventral regions of the medial prefrontal cortex make distinct contributions to
the resolution of emotional distraction. In particular, the results suggest that damage
involving dorsal medial PFC may disrupt the processing of arousal, which may result in
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less effective resolution of emotional distraction. These findings also indicate that, while
the VMPFC has been widely implicated in the processing of emotion, it may also serve a
key role in the resolution of emotional distraction through inhibition of activity in the
amygdala. Further studies will be needed to clarify the relative contributions of the
VMPFC and neighboring regions, such as the anterior cingulate (Critchley, Corfield,
Chandler, Mathias, & Dolan, 2000; Critchley et al., 2003), in the ability to overcome
emotional distraction.
The results of the analyses discussed in Chapter 8 suggest that more extensive
damage involving the PFC is associated with more severe impairments in real-world
functioning. In addition, there was limited evidence that more effective up-regulation of
negative emotion in the laboratory was associated with emotional dysregulation in the
real world. These results suggest that laboratory measures of emotion regulation such as
those employed in this project may be informative in terms of predicting real-world
dysfunction following brain damage. However, the findings also indicate that such
measures may not be particularly useful in predicting such impairments in PFC lesion
patients. Given the extensive literature linking PFC damage to defects in emotion,
behavioral regulation, and decision making, one important goal for future research will be
to better understand what factors are likely to contribute to problems in real-world
functioning in PFC lesion patients, with an eye toward developing more effective means
of improving function in these patients.
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