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Abstract

The recall and re-experiencing of a personal emotional event (emotional imagery) are thought to
evoke neural activity in the central nervous system that can affect the physiology of bodily states. It
has been proposed that the more active the neural systems previously engaged in the emotional
experience, and the more active the bodily state associated with that experience, the more vivid the
emotional imagery is. The sympathetic nervous system (SNS) and the gastrointestinal system (Gl)
are engaged in emotional reactions. On this basis, we hypothesized that vivid emotional imagery
would be accompanied by strong increases in gastrointestinal and sympathetic nervous system
activity. To test this hypothesis, 17 healthy participants performed emotional imagery of strong
autobiographical memories involving various emotional states (happy, fear, disgust, sadness, anger).
SNS and Gl changes, measured by skin conductance and electrogastrogram, respectively, correlated
positively with subjective ratings of arousal during the imagery. However, the SNS changes did not
correlate with ratings of emotional imagery vividness, and even more intriguingly, the GI changes
correlated strongly and negatively with vividness ratings. To account for these findings, we propose
that in highly vivid imagery experience, the central nervous system is simulating the whole emotional
experience strongly, and bodily information plays a lesser role. In low vivid imagery experience, the
central nervous system is not simulating very strongly the emotional experience, and information
coming from the body (including the GI system) plays a greater role. This interpretation is set forth
in the context of Damasio's (1999) theoretical framework, which predicts such a dissociation between
a “body loop” and an “as if body loop” for the experiencing and re-experiencing of emotions and
feelings.
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1. Introduction

The Oxford English dictionary defines imagination as the act of forming mental images of
something not present to the senses or never before wholly perceived in reality
(www.oed.com). Imagination can influence the way we see, behave, and remember.
Furthermore, it is an essential part of the creative process, and most notably, it has been
proposed to have an important role in psychopathologies, such as phobias, depression, body
dysmorphic syndrome, psychosis, and anxiety disorders (Holmes and Hackmann, 2004, Pratt
et al., 2004). Vivid emotional images are one of the main features of post-traumatic stress
disorder (PTSD). In fact, one of the cognitive therapies suggested for PTSD is the manipulation
of these images to reduce their emotional potency (Andrade et al., 1997, Cook et al., 1988,
Cuthbert and Lang, 1989, Cuthbert et al., 2003).

To recall and re-create emotional images from imagination, it is thought that neural activity
related to the emotional experience is re-evoked (Lang, 1979). On this view, the ability for
people to recall an emotional event is related to the ability to re-experience various sensory
modalities, such as smells, sights, sounds, and physiological responses. For instance, the smell
of a fearful object can trigger an emotional memory, because the olfactory system is activated,
and can reactivate the other sensory modalities involved in previous encounters with that object.
This activity in turn influences the physiology of bodily states, such as increases in skin
conductance and heart rate, while one is imagining the experience of encountering a fearful
object (Kosslyn et al., 2001, Lang et al., 1993, Sharot et al., 2004). That is, the more the brain
and the body re-enact the situation, the better and more vivid is the image. Therefore,
psychophysiological responses should reflect the vividness of the image.

Emotional imagery studies that have tried to correlate psychophysiological data with vividness
of imagery have shown inconsistent findings. Several studies have demonstrated that there is
a positive correlation between overall imagery scores and psychophysiological responses (such
as skin conductance) during imagery (Lang et al., 1980, Miller et al., 1987, Cook et al.,
1988, Suler, 1985, Van Diest et al., 2001). However, Laor and colleagues (1999) observed that
overall image vividness scores (measured by a version Bett's Mental Imagery Questionnaire
—QMI; Sheehan, 1967) correlated negatively with psychophysiological responses (heart rate
variability) when PTSD patients were presented with trauma-related stimuli. Furthermore, no
correlation between imagining and physiological variables was seen in healthy comparison
participants in Laor et al.'s study. Also, Cook and colleagues (1988) found that overall image
vividness correlated with skin conductance increase only in patients with specific phobias, but
not in patients with general agoraphobias or social anxiety.

This mixed picture of the relationship between imagery and psychophysiology response may
be due to the fact that our understanding of the bodily changes in an emotional situation is far
from complete. This is likely due at least in part to the Herculean task of capturing the entire
set of physiological changes during emotional reactions. Recently, there have been findings of
association between specific emotional experiences and specific patterns of autonomic change
(Kreibig etal., 2007, Levenson, 2003, Levenson et al., 1992, Rainville et al., 2006), suggesting
that the bodily response to emotion is complex and does not reflect a single parameter, such
as “arousal.” However, these studies have tended to focus on the cardiac, respiratory and
sudomotor systems, which are relatively easy to access from a technical perspective. Thus,
there is much in the landscape of the bodily response to emotion that remains unexplored.

A system that has been almost completely neglected in emotion research is the gastrointestinal
tract (GI). However, this picture is starting to change, and the interest in the role of the Gl in
regulating behaviors has been increasing. For instance, Vianna and Tranel (2006) have shown
that the peak amplitude of the electrogastrogram (EGG), a measure of gastric myoelectric
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activity, correlates with the subjective ratings of arousal in normal participants while watching
emotional video clips. A study of patients with irritable bowel syndrome found that
hypnotically induced anger and excitement were associated with increases in colonic motility,
heart rate, and respiration rate (Whorwell et al., 1992). Also, Blomhoff and colleagues
(2000) showed changes in rectal tone associated with emotionally charged words. While these
results show an effect of an emotional state on the Gl state, changes in the Gl state can also
have an effect on emotional state. Patients with Crohn's disease (an inflammatory bowel
syndrome) who do not have any psychiatric comorbidity have higher subjective ratings of
arousal while watching short film clips compared to healthy participants (Vianna et al.,
2006). Crohn's disease patients present symptoms of altered gut motility and behavior, and
inflammation of the lining of digestive tract. Therefore, aberrant gastrointestinal signals may
lead to a higher subjective feeling of arousal. This demonstrates how crucial the GI system is
in emotional states that are triggered by external stimuli. The question remains as to what role,
if any, the GI system plays in emotional states that are triggered by mental imagery.

It has been proposed that greater activation of the autonomic nervous system (ANS) is
associated with more vivid emotional imagery (Lang, 1979, Lang and Cuthbert, 1984).
According to Lang's theory of emotional imagery (Lang, 1979), to have a strong and vivid
recall of an emotional event, one must reactivate all the systems previously involved in the
emotional process, and this includes parasympathetic and sympathetic reactivation. Therefore,
we hypothesized that the vividness of emotional imagery would be correlated with the activity
of the gastrointestinal tract, as measured by the EGG. Because it is believed that highly arousing
emotion is correlated with highly vivid emotional imagery (Buchanan, 2007; Talarico et al.,
2004), we also measured skin conductance, given that this measure is a well established index
of sympathetic activation (Bradley, 2000, Burch and Greiner, 1960, Edelberg, 1972). We
predicted that skin conductance and subjective ratings of arousal would correlate positively
with the vividness of emotional imagery.

2. Methods
2.1. Subjects

Seventeen healthy volunteers (8 male; 9 female) were recruited from the University of lowa
Hospitals and Clinics and from among the University of lowa students and staff. All procedures
were approved by the Internal Review Board of the Human Subjects Office of the University
of lowa College of Medicine.

2.2. Experimental procedure

Participants engaged in an emotional imagery task that has been described previously (Damasio
et al., 2000, Rainville et al., 2006). Prior to the experimental day, participants described
personal emotional episodes in as much detail as possible. Upon arrival to the
psychophysiological laboratory, participants gave informed consent, and the physiological
monitoring equipment was installed. Then, the physiological recording started and the
participant was instructed to close his/her eyes and relive the target emotion as vividly as
possible while remembering the autobiographical episode, and to try to maximize the target
emotion until the experimenter asked them to stop. The experimenter provided verbal cues to
guide mental evocation based on the participant's prior description of the events and
emphasized the events that precipitated the target emotion. Participants indicated by a slight
movement of the hand when they started to feel the emotion or when they were in the imagined
neutral scenario. Representative emotional experiences included such examples as the
following: (a) neutral: getting ready that morning, the last time they did the laundry; (b) happy:
being accepted in graduate school, watching a son graduating from college; (c) fear: being
followed in a dark alley, almost having a car accident; (d) disgust: having to use an extremely
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dirty bathroom, having to clean dog excrement with worms; (€) sadness: the death of a close
relative, girlfriend leaving to another town; (f) anger: the process of divorce, insurance
problems after car accident. The experimenter then stopped further cueing and the
physiological recording was time-stamped for off-line analysis. Participants were told that they
could stop experiencing the emotion after 120 s and the physiological recording was time-
stamped again and the data saved. Different experimental conditions were separated by at least
five minutes during which the participants were invited to relax. Each participant completed
all emotion conditions (anger, fear, happiness, sadness, disgust) and the control neutral
condition. The order of emotion conditions was counterbalanced across participants. One
participant had excessive movement during the experimental paradigm, and the EGG data had
to be discarded, leaving a total of 16 participants with usable EGG recordings.

2.3. Subjective ratings of the emotional experience

After each trial, participants provided Likert-scale ratings (1-7) of the arousal, valence, and
vividness of the target emotion felt during the trial. For emotional arousal, participants rated
the intensity of their emotional experience with 1 corresponding to no emotion, and 7 to
extremely intense emotion. For emotional valence, the participants rated the pleasantness, with
1 corresponding to extremely unpleasant, 7 to extremely pleasant, and 4 to neutral. Participants
also reported the primary emotion felt during each trial, and were given a choice of happiness,
sadness, anger, fear or disgust. For vividness, the participants rated how vivid was the imagery,
with 1 being not vivid, and 7 extremely vivid.

2.4. Physiological measures

Physiological activity was monitored continuously using Biopac amplifiers (Biopac Systems
Inc.) and the data were digitized (200 Hz), recorded and processed using the MP100 system
and AcqKnowledge software (Biopac Systems Inc.). EGG was recorded using a standard 3
leads montage (Einthoven lead 2 configuration). In addition to those target physiological
channels, we recorded palmar skin conductance (SC) of both hands. SC was recorded using
disposable Ag-AgCl skin electrodes. Electrodes were placed on the thenar and hypothenar
eminences of the right hand. Skin conductance output voltage was amplified by a factor of 5
uS/V and low-pass filtered at 10 Hz.

2.5. Physiological signal processing

All physiological recordings were continuously monitored during the experiment and visually
inspected off-line. Recording artifacts were identified and corrected by interpolation or else
discarded.

2.5.1. EGG—The EGG is a reliable, noninvasive method of recording gastric myoelectrical
activity (Muth et al., 1998). It is recorded by placing electrodes on the surface of the skin over
the antrum of the stomach. The frequencies recorded by the EGG are identical to the frequencies
of electrical activity when recorded in or directly on the stomach and the frequency of stomach
contractions when they occur. As contractile activity in the stomach increases, the amplitude
of the normal 3-cpm EGG rhythm increases (Stern et al., 2000).

EGG data obtained during each emotional imagery condition were subjected to fast Fourier
transform (FFT) with a Hamming window. Maximum spectral value was calculated for each
condition. Because of significant between-subject variability in the measure, the values for
each participant were transformed into z-scores. Spectral estimates were summed for the
following bands: normogastria (2.5-3.5 cpm), tachygastria (3.75-9.75 cpm), bradygastria
(0.5-2.5 cpm), and total power (0.5-11 cpm). Normogastria is associated with normal rhythm
of the stomach of a healthy individual. The function of bradygastria and tachygastria are not
well understood. It is known that tachygastria activity is usually associated with nausea (Stern
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et al., 2000). Because of the length of emotional imagery, bradygastria analysis was not
included in the EGG, as the FFT analysis would have required longer data acquisition set-up.

2.5.2. Skin conductance—Skin conductance activity was measured as the area under the
curve over a given time interval (Damasio et al., 2000). Raw skin conductance data were low-
pass filtered to remove high frequency noise. The slow downward drift in baseline skin
conductance level was removed using a moving difference function with a difference interval
of 0.05 s (10 points for a 200 Hz sampling rate). Because the imagery had slightly different
time lengths, the area under the curve was divided by total film clip time. For statistical analysis,
z-scores of the participants were calculated.

2.6. Data analysis

3. Results

Correlations between arousal and psychophysiology measures, between valence and
psychophysiology measures, and between vividness and psychophysiological measures were
performed according to procedures outlined by Lang and colleagues (1993). The
psychophysiological measures were ordered according to the subjective response for each
subject. Afterwards, the psychophysiological measures were averaged at each subjective
response across participants. This was followed by the correlation analysis between subjective
responses and averaged physiological measures.

3.1. Correlations of psychophysiological measures and self-report of emotions

The main question of the study is whether there would be a strong correlation between the
psychophysiology measures and vividness of emotional imagery. There was a strong positive
correlation between the maximum spectral z-score values of the EGG and subjective ratings
of arousal (r=0.83, P=0.01; Figure 1A). This result confirms a previous report that the EGG is
a sensitive index of subjective arousal (Vianna and Tranel, 2006). However, contrary to our
prediction, there was a strong but negative correlation between the maximum spectral z-score
values of the EGG and vividness ratings (r=-0.75, P=0.04; Figure 1B). The correlation between
EGG and valence was small and not significant (r=-0.2; P=0.504).

There was a strong positive correlation between skin conductance z-scores and subjective
ratings of arousal (r=0.76, P=0.047; Figure 2). The correlations with valence (r=-0.30; P=0.47)
and vividness (r=-0.31; P=0.49) ratings were smaller and not statistically significant. The latter
finding—i.e., the non-significant correlation between skin conductance and vividness—is not
consistent with our prediction.

We also calculated the correlation between vividness and arousal. Contrary to our expectations,
the correlation between vividness and arousal ratings was small and not statistically significant
(r=0.30, P=0.43). Also, the correlation of vividness and valence ratings was almost zero
(r=0.05, P=0.59).

4. Discussion

In this study, we hypothesized that electrogastrogram activity (EGG) and skin conductance
(SC) would correlate with vividness of emotional imagery. Contrary to our hypothesis,
vividness ratings did not correlate with skin conductance activity. Also, vividness ratings were
strongly but negatively correlated with changes in electrogastrogram activity.

SC is considered a direct measure of sympathetic nervous system activation, and it is also well
established that SC is correlated with subjective ratings of arousal (Bradley, 2000, Burch and
Greiner, 1960, Edelberg, 1972). According to emotional imagery theory, an increase in
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sympathetic nervous system activity should increase the vividness of the imagery (Lang,
1979). While some studies have shown a correlation between skin conductance and vividness
scores (Lang et al., 1980, Miller et al., 1987), other studies have not produced such supporting
evidence (Cook et al., 1988, Laor et al., 1999). Laor and colleagues (1999) have suggested that
the lack of correlation between ratings of vividness and psychophysiological activity is due to
the experimental setting. In fact, Bywalters and colleagues (2004a) have shown that vividness
and arousal ratings are correlated in delayed recall of emotional pictures. However, when
performing a similar experience with emotional imagery, neither arousal nor skin conductance
activity correlated with vividness ratings (Bywalters et al., 2004b). The authors suggest that
the relationship between arousal and vividness changes when the imagery is dependent on
long-term memory. The lack of correlation between arousal and vividness or skin conductance
activity and vividness observed in our study is in agreement with Bywalters and colleagues'
data and interpretation.

In order to interpret our results, it is critical to understand what the EGG actually measures.
EGG is a reliable tool for measuring the myoelectrical activity of the stomach (Smout et al.,
1980, Stern et al., 2000). It is important to note that there are two sources of the myoelectrical
activity in stomach that can be measured by EGG, the gastric slow waves and spike potentials.
The gastric slow wave is an ever-present periodic activity produced by the interstitial cells of
Cajal (ICC). ICC serves as a stomach-pacemaker, and its activity does not necessarily indicate
stomach contractions. Spike potentials are time-locked with the slow wave activity, and are
directly associated with stomach contractions (Chen et al., 1995). Gastric contractions are
always captured by the EGG, but changes in the electrogastrogram wave does not mean
necessarily change in stomach contractibility (Chen et al., 1999, Huizinga, 2001). Instead of
being a direct measure of gastric contraction, one can refer to EGG as a measure of the “gastric
state” with two components: ICC's activity and the smooth muscle contractions.

Even though the SNS has a strong modulatory effect on gut activity, the latter is not directly
controlled by the SNS. The SNS does not directly innervate the gut musculature as seen, for
example, in the heart (Hansen, 2003). Instead, the SNS sends projections to the enteric nervous
system that controls the state of gastric activity. Most importantly, the magnitude of the
inhibitory effect on gut motility by the SNS is dependent on the ongoing gut and enteric nervous
system activity. Also, increased SNS activity can also increase the gut sensitivity and
perception of gut distension (De Ponti et al., 1996, lovino et al., 1995). Therefore, one might
argue that the observed increase in sympathetic activity, as measured by SC, is inhibiting the
stomach motility and increasing its sensitivity. The increase of SC might reflect a general
measure of arousal, whereas the change in EGG would reflect the stomach state (increased
sympathetic activity would lead to a decreased matility and increased sensitivity) and would
be a more sensitive measure than SC for correlating with vividness ratings.

Thus, a mixed picture arises: Increased SC reflects an increase in sympathetic nervous system
activity. Increased sympathetic nervous system activity has two consequences on gastric
activity: 1) increased sensitivity of Gl (rendering EGG a more sensitive tool for correlating
with vividness ratings); and 2) decreased gastric motility (inferred by the negative correlation
of EGG and vividness ratings). However, unrelated to the effects of the sympathetic nervous
system on the Gl, there is a strong and reliable positive correlation of EGG and ratings of
arousal. This positive correlation has been shown previously and was replicated by the present
data (Vianna and Tranel, 2006, Vianna et al., 2006).

The seemingly contradictory results can be explained by a general theory of how body signals
are important for feelings and decision-making (Damasio, 1994, 1999). This theory is an
extension of the James-Lange theory of emotion. Originally, the James-Lange theory stated
that the way a person feels is dependent on bodily changes (Damasio, 1994, 2001; James,
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1884; Lange, 1887; Prinz, 2006). Damasio has gone further to propose that body state changes
can be simulated by the brain without changes in bodily states actually happening. That is, the
brain constructs a predictive model of the changes that can occur in the body. The simulation
of body states is called the “as-if body loop.” For the as-if body loop, it is purported that an
emotional stimulus activates brain areas responsible for mapping visceral states. Thisactivation
bypasses the body proper, but for the brain systems involved in emotion, feeling, and decision
making, itis “as if” the body is changing. This leads to a faster response without having to wait
for a slow physiological change. The as-if body loop would be advantageous whenever there
is a need for an anticipated body response and it could occur in moments of a highly vivid
internal simulation, such as vivid emotional imagery. To have vivid emotional imagery, at least
under the conditions utilized in our study, participants may actively shut out and shut down
signals from “outside,” including ones from outside the brain, and hence use more exclusively
the as-if body loop.

The inverse correlation of the gastrointestinal activity, as measured by the EGG, and the
subjective ratings of vividness, can be explained by the as-if body loop. Whenever, the
experience is highly vivid, participants may rely more on neural structures than on body
responses; hence, there is lower amplitude of the gastrointestinal tract in relation to the vivid
ratings. On the other hand, when the central nervous system is not able to recall vividly the
emotional experience, the overall feeling of emotion relies more on the body signals, and less
on the as-if loop. The as-if body loop also agrees with Lang's theory of emotional imagery, as
all neural systems are active during a vivid emotional imagery, but the neural systems are vivid
emotional imagery.

It is worthy of note that Pham and colleagues (Pham et al., 2001) have shown that people who
are “non-vivid imagers” are more influenced in the decision making process by images than
people who are vivid imagers. According to the authors vivid imagers rely more on non-salient
information than non-vivid imagers for the decision making process. We can hypothesize from
our data that people who are vivid imagers do not rely so much on “gut feelings,” because they
have all the information needed (from the as-if body loop), whereas the non-vivid imagers rely
on imagery cues to make decisions. In the light of the growing body of evidence that decision-
making relies on body cues (Bechara et al., 1997, Bechara et al., 2005), and the different
imagining situations, one can ask if there are differential roles for the body, and most
importantly for the gastrointestinal tract, in different types of decision-making, feelings, and
imagination. We envision that there will be an affirmative answer to this question, but these
issues warrant further research.
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Figure 1.

Correlation of psychophysiological measures and subjective ratings. The data analysis was
conducted according to a method described previously (Lang et al., 1993). Data points reflect
mean psychophysiological response for a level of arousal or vividness. A. z-score peak
amplitude of EGG correlates with subjective ratings of arousal (r=0.8325, P=0.01); B. z-score
of peak amplitude EGG correlates negatively with ratings of how vivid was the imagery
(r=-0.75, P=0.04).
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Figure 2.

Corrleation of skin conductance and arousal. The data analysis was conducted according to a
method described previously (Lang et al., 1993). z-score of skin conductance correlates with
subjective ratings of arousal (r=0.76, P=0.047);
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