
SUMMARY
It has been evidenced that the outcome of a CVA patient differs as 
a function of the cerebral hemisphere that is damaged by the stroke,
especially in terms of emotional changes. In contrast, the Bi-Hemi-
spheric Model of Emotion posits that each hemisphere has its own
emotional specialization. The current experiment tested the competing
predictions of the two theoretical perspectives in a mixed sample of left
cerebrovascular accident (LCVA) patients and right cerebrovascular
accident (RCVA) patients using a Dichotic Listening task and the Af-
fective Auditory Verbal Learning Test (AAVLT). Heart Rate (HR) and
Pulse Oxygen Saturation (SpO2) were recorded as sympathetic
measures. It was expected that the predictions of the Bi-Hemispheric
Model would be supported. A series of mixed design ANOVAs were
used to analyze the data.
Participants consisted of 21 patients grouped into either post-acute
status left cerebrovascular accident (LCVA) or right cerebrovascular
accident (RCVA). Tests included the The Dichotic Listening test, The
Affective Auditory Verbal Learning Test (AAVLT), HR and Sp02 measu -
rement using a Fingertip Pulse Oximeter and the Mood Assessment
Scale for depression.
Results revealed that both groups exhibited decreased auditory de-
tection abilities in the ear contralateral to CVA location. Additionally,
CVA patients recalled significantly more positive words than negative
or neutral words and exhibited a significant learning curve. LCVA 
patients exhibited a recency effect, while RCVA patients exhibited 
a heigh tened primacy effect. Findings from the HR and Sp02 measures
sug  gested a parasympathetic response to emotionally neutral infor-
mation as well as an impaired sympathetic response to emotionally
negative information in RCVA patients.
The results lend partial support to the hypothesis drawn from the Bi-
Hemispheric Model of Emotion, as evidenced by the diametrically oppo -
site effects in these groups, which reflects opposing cerebral processes.
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INTRODUCTION
A recent update from the American Heart Association estimates that approx-

imately 795,000 people suffer a stroke each year (Roger, et al., 2011). This
means that every 40 seconds, someone in the United States has a stroke.
Stroke, also known as cerebrovascular accident (CVA), is a leading cause of
long-term disability (Centers for Disease Control and Prevention, 2001).  Despite
these prominent statistics, stroke victims and their family members are often left
with little knowledge of the behavioral changes that may remain long after the
recovery process reaches a plateau. 

Neuropsychological research provides a useful framework to study stroke and
its effects. Specifically, neuropsychologists are able to use instruments that
measure behavioral changes over time across a wide variety of domains, such
as cognitive, emotional, perceptual, and expressive abilities. Neuropsychologists
also frequently incorporate physiological measures of the central and autonomic
nervous systems, which are commonly impacted by strokes. Taken together,
these assessment capabilities make it possible to identify and diagnose strokes,
assist in treatment planning and caregiver education, as well as make prognostic
predictions regarding patient rehabilitation. For example, largely through neu-
ropsychological investigations, it has been evidenced that the outcome of a CVA
patient differs as a function of the cerebral hemisphere that is damaged by the
stroke (e.g. Goldstein, 1939; Heilman, Scholes, & Watson, 1975).  These observed
differences are the essence of Functional Cerebral Laterality Theory. Patients
with left frontal dysfunction are often diagnosed with depression, where amoti-
vation, apathy, self-depreciating concerns, and low energy level are observed
(e.g. Banich, Stolar, Heller, & Goldman, 1992; Debener et al., 2000; Fleminger,
1991; Henriques & Davidson, 1991). However, a CVA in the right hemisphere
often results in indifference and a caustic attribution towards other people (see
Demaree, Everhart, Youngstrom, & Harrison, 2005; & Shenal, Harrison, & De-
maree, 2003, for reviews). This work is relevant to neuropsychology and the
overall understanding of CVAs because there are contrasting theoretical per-
spectives regarding the role of each hemisphere and emotion. 

Right Hemisphere Model of Emotion 

One theoretical perspective regarding the role of lateralized hemispheric func-
tion and emotion perspective is the Right Hemisphere Model, which posits that
the right hemisphere plays a greater role in processing emotions regardless of
valence (Heilman, 1982). This follows from the right hemisphere dominance for
regulating bilateral cortical arousal levels (Howes & Boller, 1975; Green & Hamil-
ton, 1976; Heilman, Schwartz, & Watson, 1978; Heilman & Van Den Abel, 1979;
Heller, 1993), as any intense emotion requires arousal or activation. Sympathetic
reactions to emotional events are also associated with right hemisphere activa-
tion (Wittling, 1990; 1997), which is said to be the primary anatomical location for
emotional comprehension and emotional expression (Heilman, 1997). The pre -
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ferential lateralization of emotion to the right cerebral hemisphere has been pre-
sented numerous times within the literature by Heilman (Heilman, Blonder, Bowers,
& Valenstein, 2003; Heilman & Bowers, 1990; Heilman, Bowers, & Valenstein, 1985;
Heilman & Gilmore, 1998) and others (Borod, Koff, & Caron, 1983; Borod, 1992;
Bryden & Ley, 1983; Buck, 1984; Ross, 1985, Tucker, 1981).

The notion of right hemispheric specialization for emotion can be traced back
to Mills (1912a, 1912b), who noted that patients with right hemisphere lesions
displayed decreased emotional expression, and Babinski (1914), who reported
that such patients were often indifferent to their disabilities. Also, patients with
right temporoparietal lesions exhibited deficits in comprehending the emotional
affect of speech (Heilman, Scholes, Watson, 1975). While much of the early work
leading up to the Right Hemisphere Model focused primarily on the posterior re-
gions of the brain, especially the parietal lobes (Denny-Brown, Meyer, & Horenstein,
1952), researchers subsequently expanded its application into the frontal lobes
(Heilman, Blonder, Bowers, & Valenstein, 1993). This work lends itself to suggest
that the right hemisphere maintains an excitatory role over the reticular activating
system, which in turn is systematically involved with increased arousal, including
affect (Heilman, 1997). Support for this notion has been found in patients with
right-frontal lobe damage who have decreased regulatory control over emotions,
(Heilman, Bowers, & Valenstein, 1993; Robinson, Parikh, Lipsey, & Starkstein,
1993; see Shenal, Harrison, & Demaree, 2003; & Carmona, Holland, & Harrison,
2009, for a comprehensive review). Such right frontal lobe dysfunction is also
associated with hyperarousal, as there is diminished regulatory control over the
reticular formation via the descending projections as well as less regulatory con-
trol over the right poster brain regions via the longitudinal tract (Shenal, Harrison,
& Demarre, 2003; Carmona, Holland, & Harrison, 2009; Foster, Drago, Fergu-
son, & Harrison, 2008). 

Support for the Right Hemisphere Model has grown to include right hemi-
sphere dominance during emotional provocation (Borod, Vingiano, & Cytryn,
1988; Tucker, Roth, Arneson, & Buckingham, 1977) and in the comprehension
and expression of emotional prosodic speech (Borod, Andelman, Obler, Tweedy,
& Welkowitz, 1992; Borod et al., 1998, 2000, Borod, Bloom, Brickman, Nakhutina,
& Curko, 2002; Bowers, Coslett, Bauer, Speedie, & Heilman, 1987; Emerson, Har-
rison, & Everhart, 1999; Heilman, Scholes, and Watson, 1975; Schmitt, Hartje,
& Willmes, 1997). Additionally, there is evidence for right hemisphere speciali -
zation in the perception of negative emotional faces (Herridge, Harrison, Mollet,
& Shenal, 2004; Mandel, Tandon, & Asthana, 1991; Wittling & Roschmann, 1993)
and in the expression of emotional facial gestures (Borod, Haywood, & Koff,
1997; Herridge, Harrison, & Demaree, 1997; Rhodes, Hu, & Harrison, 2000).

Support also comes from findings that the left hemisphere attends to primarily
right-sided stimuli, whereas the right hemisphere attends to stimuli within either
hemispace (Heilman & Van Den Abell, 1980). In the vast literature on neglect dis-
orders, research findings are consistent that left hemispatial neglect is far more
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common than right hemispatial neglect, due to the attentional specialization of
the right hemisphere (Heilman, Watson, & Valenstein, 2003). Borod (1992)  sug-
gests that these nonverbal, spatial, and integrative abilities of the right hemi-
sphere give this hemisphere an advantage for processing emotions. 

While studies of individuals with brain damage provide an understanding of
the functional systems underlying emotion (Borod, 1993), research in non-brain
damaged populations also yields information supporting the Right Hemisphere
Model. Consistent with studies of hemispatial neglect, high-hostile participants
identified facial affect faster when faces were presented to the left visual field
(right hemisphere) than to the right visual field (Harrison & Gorelczenko, 1990).
Likewise, in the auditory modality, a left ear advantage (right hemisphere) has been
found for emotion identification (Bryden & MacRae, 1989).  

Electrophysiological and neuroimaging studies provide useful information re-
garding the right hemisphere specialization for emotion processing. Herridge,
Harrison, & Demaree (1997) asked high-hostile participants to make angry facial
expressions and found that the galvanic skin response (GSR) of these individuals
was heightened and prolonged at the left hemibody (right hemisphere). Studies
utilizing electroencephalography (EEG) have yielded greater relative right hemi-
sphere activity during the processing of facial affect (Kestenbaum & Nelson,
1992; Munte et al., 1998; Vanderploeg, Brown, & Marsh, 1987) and the process-
ing of the emotional components of speech (Bostanov & Kotchoubey, 2004;
Everhart, Carpenter, Carmona, Ethridge, & Demaree, 2003). More recent func-
tional magnetic resonance imaging (fMRI) studies have found similar evidence
for the right hemisphere’s involvement in the perception of facial emotion (Naru-
moto, Okada, Sadato, Fukui, and Yonekura 2001; Sato, Kochiyama, Yoshikawa,
Naito, & Matsumura, 2004) and affective prosody (Buchanan et al., 2000; George
et al., 1996; Imaizumi et al., 1997).

In a review of the literature, Silberman and Weingartner (1986) concluded that
the largest amount of consistency supported the right hemisphere being dominant
for emotion. There is abundant evidence supporting the notion that the percep-
tual and expressive processes regarding emotion, as well as the autonomic
arousal processes, are asymmetrically represented in the cerebral hemispheres.
Recent literature reviews of depression and other related studies continue to
lend support to the model (Carmona, Holland, & Harrison, 2009; Demaree, Ever-
hart, Youngstrom, & Harrison, 2005; Holland & Harrison, in press; Mollet & Har-
rison, 2006, Kopp & Wessel, 2008; Shenal, Harrison, & Demaree 2003). 

Bi-Hemispheric Model of Emotion 

In contrast to the Right Hemisphere Model, a Bi-Hemispheric Model of Emo-
tion such as the Balance or Valence Model posits that the right hemisphere is
specialized for negative emotion and that the left hemisphere is specialized for
positive emotion (Ehrlichman, 1987; Silberman & Weingartner, 1986; Borod 1992;
Buck, 1984; Heilman & Bowers, 1990; Ross, 1985). This model postulates that the
right hemisphere is dominant in processing and expressing negative emotions
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and that the left hemisphere is dominant in processing and expressing positive
emotions.  

Differential hemispheric specialization for emotion dates back to Goldstein
(1939), who reported “catastrophic reaction” in patients with left hemisphere le-
sions whereas patients with right hemisphere lesions were indifferent or eu-
phoric. Others had recognized that each hemisphere is capable of independent
mental processes (Sperry, 1966), and different styles of processing (Levy, 1969),
where the left hemisphere processes analytically and the right hemisphere
processes holistically. Prior to the Valence Model, researchers investigating
hemispheric specialization viewed the left hemisphere as inhibitory to the emo-
tional and arousal processes of the right hemisphere (Tucker, 1981). For exam-
ple, Shearer and Tucker (1981) presented aversive and sexual stimuli, and found
that participants used verbal and analytic thinking to inhibit arousal, whereas
participants used global ideation to facilitate emotion. A similar study by Tucker
and Newman (1981) presented aversive and sexual slides while implementing
self-report measures and skin temperature recordings. Results showed that ver-
bal and analytic cognition could be used to inhibit emotional arousal.  

Tucker was aware that emotion involved an activation or arousal component,
and that the basic systems that modulate cortical arousal appeared to be later-
alized. Therefore, more evidence supporting the left hemisphere’s involvement
related to cognition and positive emotion was needed. Tucker viewed the differing
cognitive skills of the two hemispheres as a basis for emotions being lateralized.
However, early efforts to find positive emotion in anxiety populations were un-
successful, as mood level appeared to be mostly related to the arousal level of
the right hemisphere (Tucker, 1981).

Before the Valence Model, evidence for right hemisphere involvement in neg-
ative emotion was plentiful. However evidence for left hemisphere involvement
in positive emotion was more difficult to derive. For example, Dimond, Farrington,
and Johnson (1976) presented motion pictures to either the left or right hemi-
sphere through the use of special contact lenses, which restricted vision to the
half field. Films presented to the left half field (right hemisphere) were rated more
negatively, which suggested that the right hemisphere is biased towards a neg-
ative evaluation of incoming stimuli. Ultimately, differential activation research
was needed to begin supporting positive versus negative hemispheric contribu-
tions. Davidson, Schwartz, Saron, Bennett, and Goleman (1979) asked partici-
pants to continuously indicate their emotional responses to television programs. Left
frontal activation was observed during positive affect and right frontal activity was
observed during negative affect. Similarly, results were replicated when participants
were asked to generate thoughts and feelings associated with positive or negative
experiences. Consistency regarding these differential hemispheric specializations
began to accumulate through studies of frontal activation (Ahern & Schwartz, 1985;
Jacobs & Snyder, 1996; Tomarken, Davidson, Wheeler, & Doss, 1992).

Following the establishment of the Valence Model, theoretical bases followed
from the findings of many researchers. These researchers sought possible ex-
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planations as to why the left and right hemispheres would be specialized for dif-
ferent emotions. One such explanation posited that negative emotions are linked
with survival (Borod, Koff, & Buck, 1986), whereas positive emotions are more
linguistic and communicative (Borod, Caron, Koff, 1981).  The notion of the left
hemisphere pertaining to verbal communication and pleasantness carried the Va-
lence Model into research on approach/withdrawal behaviors (Davidson, 1984;
Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Fox, 1991). However, the orig-
inal predictions of the Valence Model were not lost. Tucker and Frederick expanded
the Valence Model into the Balance Model of Emotion (Tucker & Frederick, 1989).    

While Heilman et al. (1993) had primarily looked at the effects of cerebral le-
sions, Tucker and Frederick (1989) discussed the effects of relative cerebral acti-
vation on emotions. The Balance Model provided a basis for deactivation of 
a par ticular hemisphere secondary to inhibitory influences of the homologous
frontal lobe. Decreased activation of one hemisphere is posited to result in rela-
tive activation of the opposite hemisphere. Therefore, relative deactivation of the
right cerebrum is said to result in increased relative activation of the left cere-
brum, which results in an increase of positive emotion. Similarly, relative deacti-
vation of the left cerebrum is said to result in an increase of negative emotion.
With this extension to the Valence Model, the Balance Model provides a frame-
work for including deactivation of a functional cerebral system as an inherent
part of emotion, thereby suggesting the need for a balance in these processes.
Specifically, according the model, activation and deactivation occurs as a result
of the system attempting to balance itself (Tucker, 1981; see Mollet & Harrison,
2006; Shenal, Harrison, & Demaree 2003 for reviews). This balance is a function
of the dynamic activation on tasks where the brain is differentially specialized,
as evidence by metabolic increments on fMRI, and where capacity limitations
are shown in unilateral lesion studies. 

Evidence for the dynamics between hemispheres can be traced back to early
research on the emotional reaction that typically follows unilateral brain damage,
as dynamics are represented through the ongoing communication and inhibitory
processes of the two hemispheres. One such line of research comes from per-
forming the WADA test on epilepsy patients. Sodium amytal was often injected
into the carotid artery as an ipsilateral transient hemispheric anesthetic. Anes-
thesia of the right hemisphere has been characterized by a euphoric reaction,
whereas anesthesia of the left hemisphere results in dysphoria (Lee, Loring,
Meader, & Brooks, 1990). The emotional changes that were observed in patients
following the WADA test have been interpreted to be the result of the release of
one hemisphere from the inhibitory control of the other hemisphere. Similar con-
clusions have been drawn from studies of patients with unilateral brain damage.
It has been argued that damage in one hemisphere releases the activity of the
other hemisphere (Robinson Kubos, Starr, Rao, & Price, 1984). Further support for
this framework was provided by Sackeim et al. (1982), who reported a greater
probability of pathological crying being associated with left hemisphere damage,
and right hemisphere damage being associated with pathological laughter. 
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More recent studies have also provided support for a Bi-Hemispheric Model.
For example, massage therapy has been shown to decrease stress and increase
left frontal activation on EEG (Diego, Field, Sanders, & Hernandez-Reif, 2004),
suggesting that reducing negative affect or increasing positive affect is related
to left frontal activation. Additionally, participants with greater left frontal activation
show an increased positive reaction to exercise when compared to those with
greater right frontal activation (Petruzzello, Hall, & Ekkekakis, 2001).  Other stud-
ies of EEG have suggested that greater left frontal activation is associated with
positive affect, whereas greater right frontal activation is associated with negative
affect (Davidson, 1995; Tomarken, Davidson, Henriques, 1990).  Similarly, pos-
itive emotional states have been associated with left hemisphere activity and
negative emotional states have been associated with right hemisphere activity
in a large collection of studies (Davidson & Fox, 1982; Davidson & Henriques,
2000; Davidson, Schwartz, Saron, Bennett, & Goleman, 1979; Ekman & Davidson,
1993; Ekman, Davidson, & Friesen, 1990; Fox & Davidson, 1988; Lee et al., 2004;
Reuter-Lorenz & Davidson, 1981; Schaffer, Davidson, & Saron, 1983; Sutton &
Davidson, 2000; Tomarken, Davidson, Wheeler, & Doss, 1992; Wheeler, Davidson,
& Tomarken, 1993). For example, when asked to report emotional responses while
watching a television program, EEG recordings demonstrated left hemisphere ac-
tivity during positive emotional states, and right hemisphere activity during neg-
ative emotional states (Davidson et al., 1979). Likewise, infants have been observed
to yield greater relative left frontal activity in response to viewing happy faces,
and greater relative right frontal activity in response to viewing sad faces (David-
son & Fox, 1982).  

Current Experiment 

The current experiment tested the competing predictions of the Right Hemi-
sphere Model of Emotion and the Bi-Hemispheric Model of Emotion using left
and right CVA patients. While the Right Hemisphere Model predicted that learn-
ing positive and negative affective information would be a function of the right
hemisphere, the Bi-Hemispheric Model yielded bidirectional predictions. The Bi-
Hemisphere model predicted that left cerebrovascular accident (LCVA) would
reduce the ability to learn positively valenced information and that right cere-
brovascular accident (RCVA) would reduce the ability to learn negatively va-
lenced information. Additionally, the Bi-Hemispheric model makes diametrically
opposite predictions, where positive learning (as assessed by the Affective Au-
ditory Learning Test) would increase left hemisphere function (which will be eval-
uated using a Dichotic Listening Task) and negative learning would result in an
increase in right hemisphere function. 

The present experiment aimed to pit the two competing theoretical models
against each other in unilateral stroke populations, using a double dissociation
approach. H. L. Teuber first defined this term in 1955 (Van Orden, Pennington,
& Stone, 2001).  Neuropsychology often incorporates double dissociation to dis-
tinguish two functionally distinct brain areas from each another, with the purpose
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being to demonstrate the independence of two or more processes in the brain
using lesions or other dysfunction. The current experiment tested two different
abilities (lateralized hemispheric activation and emotional learning) across two
different lesion locations (left hemisphere and right hemisphere). This approach
was based on the expectation that damage in a particular area of the brain
should not only impair the functions associated with that area, but should also
leave functions not associated with that area relatively intact. 

The purpose of the current experiment was to examine cerebral laterality,
emotion, and cardiovascular functions. Additionally, dynamic cerebral laterality
was examined using positive or negative affective learning trials. Positive learn-
ing experiences were expected to promote left hemisphere functions, whereas
negative learning experiences on the AAVLT were expected to promote right
hemisphere functions. Dynamic functional cerebral laterality was assessed using
dichotic listening protocol and cardiopulmonary indices of sympathetic tone. The
current hypotheses were drawn from the Bi-Hemisphere model, where positive
learning is affected by LCVA and where positive learning was expected to in-
crease left hemisphere brain function. Subsequently, negative learning was ex-
pected to decrease left hemisphere brain function. Specifically, the following six
hypotheses were proposed:

Dichotic Listening Hypotheses: 
• It was hypothesized that LCVA patients would perform significantly below

RCVA patients on processing word sounds. 
• It was hypothesized that CVA location would decrease auditory detection per-

formance in the contralateral ear. Specifically, LCVA patients were expected
to perform significantly lower than RCVA patients on right ear detections; and
RCVA patients were expected to perform significantly lower than LCVA pa-
tients on left ear detections. 

• It was hypothesized that exposure to positive and negative valences would
activate the left and right hemispheres respectively. Specifically, exposure to
the positive word list from the AAVLT was expected to significantly increase
right ear detections; and exposure to the negative word list from the AAVLT
was expected to significantly increase left ear detections. 
AAVLT Hypotheses: 

• It was hypothesized that LCVA patients would recall significantly fewer words
on the AAVLT than RCVA patients. 

• It was hypothesized that LCVA and RCVA patients would recall more negative
and positive words, respectively. Specifically, LCVA patients were expected
to recall significantly more negative words from the AAVLT than RCVA pa-
tients; and RCVA patients were expected to recall significantly more positive
words from the AAVLT than LCVA patients. 
Physiological Hypotheses: 

• It was hypothesized that exposure to the positive and negative valences
would activate the left and right hemispheres, respectively. Specifically, expo -
sure to the positive word list from the AAVLT was expected to significantly de-
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crease HR and increase SpO2; and exposure to the negative word list from
the AAVLT was expected to significantly increase HR and decrease SpO2. 

MATERIAL AND METHOD  

Participants 

Participants consisted of 21 patients undergoing neuropsychological evalua-
tions at a tertiary care medical center. Measures administered were part of a rou-
tine neuropsychological battery (Hugdahl, 1995; 2002), which served to establish
a baseline level of functioning and to assist other healthcare professionals in
treatment planning. Assessments were completed in a private testing room within
the rehabilitation unit of the medical center. After a review of medical records,
eligible patients were grouped into samples of 11 patients, status post-acute left
cerebrovascular accident (LCVA), and 10 patients, status post-acute right cere-
brovascular accident (RCVA). Patients were of mixed gender and included 11
men and 10 women, ages 39 to 88 with a mean age of 73.61.

Selection criteria included: men and women with a history of a cerebrovascu-
lar accident (CVA), unilateral left- or right-hemisphere pathology, an available
post-stroke CT or MRI scan of the head on file, right-handedness by self-report,
native English speaker, no history of mental retardation, education through high
school or beyond, and no current substance abuse. Patients were required to
be able to recognize basic phonemes, as assessed by the initial training trials of
the Dichotic Listening Test. Additionally, patients were required to exhibit a learn-
ing curve, or the ability to learn new information (at least three words), as as-
sessed by the Affective Auditory Verbal Learning Test.

Apparatus

Dichotic Listening Test: The Dichotic Listening test is a behavioral test in which
two different auditory stimuli are simultaneously presented, one to each ear (Hug-
dahl, 1995). A computer-synthesized audio file, created by the Kresge Hearing
Research Laboratory, of 30 pairs of concurrently voiced consonant vowels (CV’s:
ba, da, ga, ka, pa, ta) was played for each patient (see Appendix A). Stimuli were
presented at about 75 dB (A Scale; reference value .002 dynes/cm2) via a Mem-
orex MP3851BLK dual channel “boom box” using Sony MDR-ZX100 head-
phones. The inter-stimulus interval was six seconds. The six CVs were printed
as 2-cm, bold, black, upper case Arial font letters on a 96 X 144 cm choice card
displayed about 0.5 m on a desktop in front of the patient. Following the presen-
tation of a pair of CV’s, the patient was required to choose one of the six possible
choices that he/she heard by pointing to the current stimulus on the card. 

Affective Auditory Learning: The Affective Auditory Verbal Learning Test (AAVLT)
is a 15 item list learning test comprised of three different word lists differing in
affective valence: positive, negative, and neutral (Snyder, Harrison, & Shenal, 1997;
see Appendix B). The lists were adapted from an index of word norms established
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by Toglia and Battig (1978). The positive word list is comprised of words that
were rated the highest in pleasantness, whereas the negative word list is com-
prised of words that were rated the lowest in pleasantness. The words were also
chosen for equivalency based on how often they occur in the English language.
The neutral list is taken from the Rey Auditory Verbal Learning Test (RAVLT; Rey,
1964). The positive list includes words such as “sunset, garden, and beach,”
while the negative list includes words such as “morgue, murder, and kill.” The
neutral list consists of words such as “drum,” “curtain,” and “bell.” Instructions
for the AAVLT and the three word lists were recorded onto a compact disc. The
word lists were recorded at a rate of about one word per second.  Following each
presentation of a list, the patient was required to recall as many words as he/she
could remember. Each list was presented five times with a recall trial after each
presentation. 

Physiological: Heart Rate (HR) measured in beats per minute (bpm) and Per-
cutaneous Oxygen Saturation (SpO2), using red and infrared light, measured in
percentage (%) of bound hemoglobin (HbO2), were assessed using the Nature
Spirit Fingertip Pulse Oximeter (Model 5892). The accuracy of HR was reported
to be within 2% or 2 beats per minute and the accuracy of SpO2 was reported
to be within 2% for readings between 70 and 99%. 

Self-Report: Handedness was assessed using a 4-item Brief Laterality Ques-
tionnaire 

(BLQ) adapted from the 13-item Coren-Porac-Duncan Laterality Test (Coren,
Porac, & Duncan, 1979, see Appendix C).This self-report adaptation utilizes 4
questions to determine handedness including: “Which hand would you use to
write with;” “Which eye would you use to look through a telescope;” “Which foot
would you use to kick a ball;” and “Which ear would you use to talk on the tele-
phone;” 

Depression was assessed using the full-length version of the Mood Assess-
ment Scale (MAS; Yesavage, et al., 1983). The MAS is a 30 item self-report
questionnaire designed to assess depression in individuals 56 and older, utilizing
a Yes/No response format (see Appendix D). Questions related to mood such
as “Have you dropped many of your activities and interests?” are read aloud to
the patient, and the patient provides a verbal response. Total scores of 0-9 indi-
cate a normal mood, scores of 10-19 indicate mild depression, and scores of 20-
30 indicate severe depression.

Procedure 

During the neuropsychological assessment, patients were administered the
BLQ to determine hemibody preference. Heart rate and oxygen saturation were
continuously monitored and recorded with two consecutive readings, about ten
seconds apart, recorded during the assessment. If HR values differed by ten
beats per minute, a third HR reading was be recorded. Similarly, if SPO2 values
differed by ten percent, a third SPO2 reading was recorded. 
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Baseline. Following placement of the Finger Pulse Oximeter on the middle
finger of the left hand, two consecutive HR and SPO2 readings were recorded.
Patients were then administered the 30 trial Dichotic Listening Test.

A brief training phase was implemented to introduce the dichotic listening pro-
cedures. The experimenter read and pointed to each of the six phonemes on
the choice card and had the patient repeat each phoneme. Headphones were
then used to present the phonemes and the patient was instructed to state the
phoneme that they heard while also pointing to the lexical representation on the
card. The researcher provided corrective feedback. The patient was required to
correctly identify five of the six phonemes to continue participation.

The patient was then informed they would hear 30 trials of syllables, with one
syllable broadcast to each ear. After 30 trials, taking about three minutes total,
two consecutive HR and SPO2 readings were recorded. The patient was then
administered the neutral list from the AAVLT, and asked to recall as many words
as he/she could remember. Presentation and recall were repeated for a total of
five trials, taking about five minutes. Following the Neutral list, the Dichotic Lis-
tening Test was administered again. Two consecutive HR and SPO2 readings
were recorded again.

Affective-Exposure. Affective list order from the AAVLT was counterbalanced
with patients receiving either the Positive list before the Negative list (see Ap-
pendix E) or the Negative list before the Positive word list (see Appendix F). After
administration of the first affective word list, two consecutive HR and SPO2 read-
ings were recorded, followed by administration of the Dichotic Listening Test.
Again, two consecutive HR and SPO2 readings were recorded. Next patients
were administered the second affective word list, followed by two consecutive
HR and SPO2 readings. A final Dichotic Listening Test was administered, fol-
lowed by two final consecutive HR and SPO2 readings. 

Post Affective-Exposure. Patients were administered the MAS at the end of
the assessment.

RESULTS 
Before testing the hypotheses, descriptive statistics were performed on each

variable to identify any missing data or outliers. Of the 21 CVA patients, one pa-
tient was unable to finish the testing session, and therefore had missing data.
All 21 CVA patients were included in the analyses and pairwise deletion was
used when needed. The absolute values of the skewness and kurtosis statistics
for all dependent variables were less than two. Additionally groups were com-
pared across demographic variables to ensure homogeneity. Interestingly, LCVA
patients from this experiment had significantly more years of education (M = 14.27,
SD = 2.83) than RCVA patients (M = 11.10, SD = 4.04), t(19) = 2.10, p < 0.05. In
order to ensure that education did not enable participants to perform better on
Verbal Learning or Dichotic Listening, bivariate correlations between years of
education and total number of words/detections were performed. Correlations
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were not significant indicating that those with prior higher education did not re-
member more neutral words r(19) = .24, p = 0.29 or detect more phonemes r(19)
= -.01, p = 0.97. 

Self-Report Questionnaire Analysis 
To determine if groups (LCVA, and RCVA) would differ on reported levels of

depression, an independent t-test was performed to analyze the MAS data. LCVA
patients (M = 9.36, SD = 5.41) did not significantly differ from RCVA patients (M
= 9.44, SD = 4.95) on Mood Assessment Scale scores, t(19) = -0.03, p = 0.97.
Thus LCVA and RCVA patients did not differ on reported levels of depression. 

Dichotic Listening Analyses 
Separate three factor mixed design ANOVAs were performed under a General

Linear Model framework to analyze the dichotic listening data. The ANOVAs for
Dichotic Listening included the following factors: a fixed effect of group (LCVA
and RCVA), and repeated measures for affect (Neutral, Positive, and Negative
word lists from AAVLT), and condition (Pre and Post word list). All post hoc pair-
wise comparisons among the means were made using Tukey’s HSD test (Winer,
1971) with the a priori p≤ .05. 

An ANOVA was performed for total detections on the dichotic listening test.
Results showed that CVA group did not have a significant effect on number of
detections, F(1,19) = 1.03, p = 0.32. Specifically, LCVA patients (M = 13.58, SD
= 5.96) did not perform significantly below RCVA patients (M = 15.80, SD = 4.30)
on processing word sounds. 

Independent ANOVAs were performed on three dependent variables obtained
during the dichotic listening test (laterality index (LI) score, number of correctly
identified stimuli in the left ear, and number of correctly identified stimuli in the
right ear. LI scores were calculated using the following formula: LI = (pR –
pL)/(pR+pL), where pR is the proportion of correctly identified right ear stimuli
and pL is the proportion of correctly identified left ear stimuli. The LI score can
range from +1 (perfect left ear advantage) to -1 (perfect right ear advantage).
For LI scores, a nonsignificant trend was observed where LCVA patients (M =
.04, SD = 0.36) demonstrated little or no left ear advantage and RCVA patients
(M = -.27, SD = 0.42) demonstrated a slight right ear advantage, F(1, 19) = 5.15,
p = 0.0584. Further within groups comparisons of this trend revealed a significant
main effect of ear for RCVA patients. 

Specifically, RCVA patients had significantly more right ear detections (M =
10.72, SD = 5.81), than left ear detections (M = 5.08, SD = 2.67) across all trials
of the dichotic listening test, F(1, 9) = 4.06, p < 0.05. In contrast, LCVA patients
did not significantly differ between the number of left ear detections (M = 7.62,
SD = 3.99) and right ear detections (M = 7.07, SD = 3.71), on the dichotic listen-
ing test F(1, 10) = 0.10, p = 0.76. 
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Auditory Affective Verbal Learning Analyses 
For hypotheses regarding AAVLT performance, separate three factor mixed

design ANOVAs were performed under a General Linear Model framework to
analyze the AAVLT data. The ANOVA for number of words recalled included the
following factors: a fixed effect of group (LCVA and RCVA), and repeated meas-
ures for affective valence (neutral, positive, and negative), and trial (verbal learn-
ing trials 1-5). All post hoc pairwise comparisons among the means were made
using Tukey’s HSD test (Winer, 1971) with the a priori p≤ .05. 

A significant main effect of affect was found for number of words recalled on
trial 1, where CVA patients recalled significantly more positive words (M = 4.30,
SD = 1.78), than negative (M = 3.60, SD = 1.53) or neutral words (M = 3.57, SD =
1.69), F(2,38) = 4.19, p < 0.05. When parsed by group, LCVA patients recalled sig-
nificantly more positive words (M = 4.80, SD = 1.87) than negative (M = 3.90, SD
= 1.66) or neutral words (M = 3.45, SD = 1.69) on trial 1, F(1,10) = 4.52, p < 0.05.
It is worth noting that a significant main effect of trial was found, where CVA patients
generally recalled significantly more words on subsequent trials of the AAVLT,
thereby exhibiting a learning curve, F(4,80) = 23.06, p < 0.001 (see Figure 1). 

In order to test for primacy and recency effects, a fourth factor for location was
added to the mixed design ANOVA was used under a GLM framework. The
ANOVA for primacy and recency included the following factors: a fixed effect of
group (LCVA and RCVA), and repeated measures for affective valence (Neutral,
Positive, and Negative word lists from AAVLT), trial (trial 1, trial 2, trial 3, trail 4,
and trial 5 of the AAVLT), and word location (beginning of the list, middle of the
list, end of the list). Results indicated a significant main effect of word location,
in which CVA patients recalled more words from the end (M = 2.12, SD = 1.44)
and beginning of the list (M = 2.03, SD = 1.36), than from the middle of the list
(M = 1.20, SD = 1.13) when averaged across all trials, F(2,40) = 12.57, p < 0.001.
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However, a significant group by location interaction was found, F(1,19) = 4.22,
p < 0.05, wherein LCVA patients recalled significantly more words from the end
of the list (M = 2.47, SD = 1.22), than from the beginning (M = 1.83, SD = 1.39),
and significantly more words from the beginning than from the middle (M = 1.08,
SD = 1.17) of the list, F(2,8) = 4.22, p < 0.05. In contrast, RCVA patients recalled
significantly more words at the beginning of the list (M = 2.23, SD = 1.30) than the
middle (M = 1.32, SD = 1.06), but not significantly more than the end (M = 1.77,
SD = 1.56) of the list, F(2,7) = 4.55, p < 0.05. 

There were notable differences in primacy and recency effects across the var-
ious affective conditions of the AAVLT. On the neutral list trials, LCVA patients
recalled more words from the end (M = 2.47, SD = 1.36) than beginning (M = 1.60,
SD = 1.36) or middle (M = 0.96, SD = 1.22) of the list, F(2, 10) = 10.51, p < 0.001.
Similarly, on the positive list trials, LCVA patients recalled more words from the end
(M = 2.66, SD = 1.22) than beginning (M = 1.78, SD = 1.36) and from the begin-
ning than middle (M = 1.20, SD = 1.11), F(2, 9) = 6.53, p < 0.01. On the negative
list trials, LCVA patients recalled more words from the end (M = 2.28, SD = 1.05)
and beginning (M = 2.14, SD = 1.43) than the middle (M = 1.10, SD = 1.99) of the
list, F(2, 9) = 7.81, p < 0.01. Thus LCVA patients exhibited a recency effect regard-
less of word affect, and exhibited a primacy effect that varied with affect. 

For RCVA patients, there was a significant affect by location interaction pres-
ent, F(2,4) = 5.06, p < 0.01. On neutral list trials, there were no significant differ-
ences in number of words recalled at the beginning (M = 2.20, SD = 1.32), middle
(M = 1.28, SD = 0.97), or end (M = 2.06, SD = 1.35) of the list for RCVA patients,
F(2, 9) = 2.45, p = 0.11. However, RCVA patients recalled more positive words from
the end (M = 2.24, SD = 1.90) and beginning (M = 1.98, SD = 1.33) than the middle
(M = 1.06, SD = 0.98) of the list, F(2, 9) = 6.00, p < 0.05, and recalled more negative
words from the beginning (M = 2.52, SD = 1.39) and middle (M = 1.62, SD = 1.18)
of the list than from the end (M = 1.00, SD = 1.05) of the list, F(2, 9) = 6.52, p <
0.01. In summation, RCVA patients did not exhibit a recency effect for neutral in-
formation, while positive affective information caused a recency effect and neg-
ative affective information caused a primacy effect. 

Physiological Analyses 
Separate three factor mixed design ANOVAs were performed under a General

Linear Model framework to analyze the HR and SpO2 data as related to AAVLT
exposure. The ANOVAs included the following factors: a fixed effect of group
(LCVA, RCVA, and no CVA), and repeated measures for affect (Neutral, Positive,
and Negative word lists from AAVLT), and condition (Pre and Post word list). All
post hoc pairwise comparisons among the means were made using Tukey’s HSD
test (Winer, 1971) with the a priori p≤ .05. 

Results of the ANOVA for HR found a significant affect by condition (pre-
AAVLT/post-AAVLT) interaction, F(2,38) = 6.34, p < 0.01, where CVA patients
showed a decrease in HR from pre-neutral list (M = 79.62, SD = 16.16) to post-
neutral list (M = 77.19, SD = 14.20), whereas HR did not significantly differ be-
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tween pre- (M = 76.28, SD = 14.55) and post-positive exposure (M = 77.23, SD
= 15.21), or between pre- (M = 77.19, SD = 16.29) and post-negative exposure
(M = 77.15, SD = 16.08). 

When assessed within groups, the heart rate among LCVA patients signifi-
cantly decreased from pre-neutral (M = 82.05, SD = 15.71) to post-neutral (M =
78.32, SD = 14.44), F(1,10) = 8.65, p < 0.05, but did not significantly differ from
pre-positive (M = 77.65, SD = 15.34) to post-positive (M = 79.00, SD = 15.68),
F(1,9) = 1.36, p = 0.27, or from pre-negative (M = 78.45, SD = 17.28) to post-neg-
ative (M = 77.25, SD = 15.71), F(1,9) = 0.95, p = 0.36. Heart rate levels among
RCVA patients did not significantly differ from pre-neutral (M = 76.95, SD = 17.06)
to post-neutral (M = 75.95, SD = 14.60), F(1,9) = 1.08, p = 0.33, from pre-positive
(M = 74.90, SD = 14.39) to post-positive (M = 75.45, SD = 15.35), F(1,9) = 1.79,
p = 0.21, or from pre-negative (M = 75.93, SD = 16.06) to post-negative (M =
77.05, SD = 17.29), F(1,9) = 1.78, p = 0.21. Graphical comparisons suggested
a group by affect by condition interaction may be present; however, the mixed
ANOVA was nonsignificant, F(2,19) = 2.07, p = 0.14 (see Figure 2).  

Between groups comparisons revealed a significant difference in pulse oxy-
gen saturation levels following affective exposure. Following exposure to the Neu-
tral trials, the pulse oxygen saturation levels of LCVA patients (M = 95.77, SD =
3.32) did not significantly differ from that of RCVA patients (M = 95.60, SD = 1.93),
F(1, 19) = 0.02, p = 0.89. Similarly, the SpO2 of LCVA patients (M = 96.40, SD
= 1.24) did not significantly differ from that of RCVA patients (M = 95.90, SD =
1.73) following exposure to Negative trials, F(1, 18) = 0.55, p = 0.47. However,
the SpO2 of LCVA patients (M = 76.70, SD = 1.38) was significantly higher than
that of RCVA patients (M = 95.20, SD = 1.64) following exposure to Positive trials,
F(1, 18) = 4.92, p < 0.05. 
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When further assessed within groups, the pulse oxygen saturation levels of
LCVA patients did not significantly differ following exposure to AAVLT affective
conditions. Pulse oxygen saturation levels among LCVA patients did not signifi-
cantly differ from pre-neutral (M = 96.13, SD = 2.39) to post-neutral (M = 95.77,
SD = 3.32), F(1,10) = 0.58, p = 0.32, from pre-positive (M = 96.00, SD = 1.99) to
post-positive (M = 96.70, SD = 1.38), F(1,9) = 4.16, p = 0.07, or from pre-negative
(M = 95.85, SD = 1.97) to post-negative (M = 96.40, SD = 1.24), F(1,9) = 1.22,
p = 0.30. However, pulse oxygen saturation levels among RCVA patients signif-
icantly increased from pre-neutral (M = 94.85, SD = 1.72) to post-neutral (M =
95.60, SD = 1.93), F(1,9) = 13.97, p < 0.001, and also from pre-negative (M =
94.85, SD = 1.81) to post-negative (M = 95.90, SD = 1.73), F(1,9) = 18.99, p <
0.01, while no significant change was found from pre-positive (M = 95.05, SD =
1.89) to post-positive (M = 95.20, SD = 1.64), F(1,9) = 0.27, p = 0.62. Graphical
comparisons suggested a group by affect by condition interaction may be pres-
ent; however, the mixed ANOVA was nonsignificant, F(2,19) = 2.17, p = 0.13
(see Figure 3).

DISCUSSION 
The current experiment was designed to evaluate the effects of unilateral CVA

location and exposure to affective verbal learning on cerebral activation and car-
diopulmonary functioning. Patients consisted of two groups (LCVA and RCVA)
that completed the Dichotic Listening Test and the Affective Auditory Verbal
Learning Test. While between groups differences were not indicative of de-
creased auditory detection following unilateral CVA, results within groups yielded
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some support. Results found RCVA patients had significantly more right ear de-
tections than left ear detections across all trials of the dichotic listening test,
whereas LCVA patients did not significantly differ between the number of left ear
detections and right ear detections. It has been reported that healthy individuals
typically exhibit more right ear detections than left ear detections on the Dichotic
Listening Test (Shenal & Harrison, 2003). Therefore, results suggest both groups
may have exhibited decreased auditory detection abilities in the ear contralateral
to CVA location, wherein LCVA patients did not exhibit increased right ear de-
tections and RCVA patients exhibited a right ear detection bias. 

It was hypothesized that LCVA patients would recall significantly fewer words
on the AAVLT than RCVA patients. CVA location did not have a significant effect
on number of words recalled across the five trials. While it was expected that LCVA
patients would exhibit a deficit in word recall based on the verbal nature of the task,
research using the California Verbal Learning Test has found that RCVA patients
are also likely to have difficulty on verbal recall tasks (Welte, 1993).  

It was also hypothesized that LCVA and RCVA patients would recall more
negative and positive words, respectively. Results did not reveal a significant
group by affect interaction when averaging across all five trials of the AAVLT.
Thus, LCVA patients did not recall significantly more negative words than RCVA
patients, and RCVA patients did not recall significantly more positive words than
left CVA patients. While differences were not found across all trials, a significant
main effect of affect was found for words recalled on trial 1, where CVA patients
recalled significantly more positive words, than negative or neutral words. When
parsed by group, LCVA patients recalled significantly more positive words than
negative or neutral words on trial 1. The increase on positive words for LCVA
patients suggests that they are able to increase learning ability through positive in-
formation, but only while the information is novel enough to have an emotional re-
action. These results alone do not lend more support to a single model of emotion
as the Bi-Hemisphere Model of Emotion would posit that the positive affective in-
formation activated the left-hemisphere, thereby improving the learning ability in
LCVA patients, whereas the Right Hemisphere Model of Emotion would posit that
the positive affective information activated the right-hemisphere, which was dam-
aged in RCVA patients, who were unable to benefit from activation effects. 

Also, a significant main effect of trial was found, where CVA patients generally
recalled significantly more words on subsequent trials of the AAVLT, thereby ex-
hibiting a learning curve. LCVA patients recalled significantly more words on trial
1 of the positive list than on trial 1 of other lists and also more than RCVA pa-
tients. However, RCVA patients reached maximum number of negative words
recalled on trial 3, whereas LCVA patients recalled their highest number of neg-
ative words on trial 5. Taken together, these results indicate that LCVA patients
can learn positive information relatively easily, whereas RCVA patients can learn
negative information relatively quickly. This differential effect may highlight a neg-
ative emotional bias in the RCVA patients. While this is in contrast to the ex-
pected indifference bias of RCVA patients and catastrophic bias of LCVA
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patients, some research has suggested that negative bias gradually decreases
in LCVA patients and gradually increases in RCVA patients across the recovery
process (Johnson & Hartlage, 1997).

When comparing the effects of affect, LCVA patients exhibited an increased
combined primacy/recency effect for negative words and a recency effect for
positive words, whereas RCVA patients a primacy effect for negative words and
a recency effect for positive words. Overall these results are consistent with pre-
vious experiments in healthy individuals (Demaree & Everhart, 2004; Demaree,
Shenal, Everhart & Robinson, 2004; Everhart, Carpenter, Carmona, Ethridge, &
Demaree, 2003; Everhart & Demaree, 2003; Snyder & Harrison, 1997, Snyder,
Harrison, & Shenal, 1998)  suggesting that CVA did not negate the effects of af-
fect on processing verbal information. 

It was hypothesized that exposure to the positive and negative emotion va-
lences would activate the left and right hemispheres, respectively. Specifically,
exposure to the positive word list from the AAVLT was expected to significantly
decrease HR and increase SpO2; and exposure to the negative word list from
the AAVLT was expected to significantly increase HR and decrease SpO2. CVA
patients showed a decrease in HR from pre-neutral list to post-neutral list,
whereas HR did not significantly differ between pre- and post-positive exposure,
or between pre- and post-negative exposure. This suggests that the neutral trial
of the AAVLT had a parasympathetic response (left-hemisphere activation), as
would be expected by an affectively neutral verbal task. 

Between groups comparisons did not reveal significant differences in HR at
baseline or following any of the AAVLT conditions.  However, when further as-
sessed within groups, the mean HR of LCVA patients significantly decreased
from pre-neutral to post-neutral, but did not significantly differ from pre- to post-
positive, or from pre- to post-negative. HR levels among RCVA patients did not
significantly differ from pre- to post- neutral, negative, or positive. Graphical com-
parisons suggested a group by affect by condition interaction may be present.
Despite this being nonsignificant, such an interaction would require a larger sam-
ple size of CVA patients. 

Between groups comparisons revealed a significant difference in pulse oxy-
gen saturation levels following affective exposure. While the pulse oxygen satu-
ration levels of LCVA patients did not significantly differ from that of RCVA
patients following neutral or negative trials, the SpO2 of LCVA patients was sig-
nificantly higher than that of RCVA patients following exposure to Positive trials.
When taken alone, this might suggest that the positive affective information ac-
tivated the left hemisphere and increased parasympathetic tone in patients with
left hemisphere weakness, which is consistent with previous research that sug-
gests that positive information may serve to enhance functioning in geriatric in-
dividuals (Levy, 2003).

Yet, when further assessed within groups, the pulse oxygen saturation levels
of LCVA patients did not significantly differ following exposure to AAVLT affective
conditions. Instead, pulse oxygen saturation levels among RCVA patients sig-
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nificantly increased from pre- to post-neutral and also from pre- to post-negative,
while no significant change was found from pre- to post-positive. These findings
suggest that patients with right-hemisphere weakness experienced left-hemi-
sphere activation (parasympathetic response) following exposure to negative af-
fective information, which would typically be expected to activate the right
hemisphere and decrease parasympathetic tone. These findings may be the re-
sult of bi-hemispheric activation to negative emotion wherein RCVA patients were
unable to exhibit the expected sympathetic response due to a damaged right-
hemisphere. Results might also lend support for a dynamic reactive process
(parasympathetic tone) given a weakened sympathetic response system. Previ-
ous research has shown the effect of the affective lists on sympathetic response
to be dynamic and stress dependent (Shenal, Rhodes, and Harrison, 2000).  

One limitation of this study was the inclusion of patients with anterior and posterior
unilateral stroke locations, which may add variability in regards to the functional cere-
bral systems affected by the stroke (Shenal, Harrison, & Demaree, 2003). Future re-
search may want to exclude such patients or sample enough patients to make group
comparisons among anterior, posterior, and middle cerebral artery strokes. Additional
limitations included the small group sizes in the current sample, despite previous re-
search’s ability to find the effects of hemispheric dysfunction on measures of cerebral
laterality with relatively small group sizes (Mollet & Harrison, 2007). Another consid-
eration is the current study included both male and female patients. Even though
the study screened for laterality with the BLQ, previous research has reported later-
ality to be greater in males than females (Hines, 1990).  

CONCLUSIONS
While the findings did not fully support the Bi-Hemispheric Model of Emotion,

there were noteworthy contributions to the effects of unilateral CVA on hemi-
spheric activation and emotion. CVA patients exhibited a learning curve and an
ability to recall 3-5 pieces of verbal information on average, which may help in-
form the rehabilitation therapist. Additionally, LCVA patients did not show the typ-
ical right ear advantage that healthy individuals exhibit on the dichotic listening
test, whereas RCVA patients showed an exaggerated right ear advantage. Ad-
ditionally, RCVA patients appeared more affected on the AAVLT as they exhibited
a primacy effect, whereas LCVA patients exhibited a recency effect, which is
more common in healthy individuals. Taken together these results lend partial
support to the hypotheses of the Bi-Hemispheric Model of Emotion as evidenced
by the dynamically opposite effects in these groups. Of further utility in interpret-
ing the results, a Microgenetic approach to the working brain might be helpful
(Pachalska, MacQueen & Brown 2012), which interprets the organism as a whole
from genes to behavior  (Trystuła, Żychowska, Wilk-Franczuk et al. 2017). This
theoretical framework, along with the Bi-Hemispheric Model of Emotion, provide
a substantive context for further research using biophysiological measures to
explore cerebral laterality within CVA patients.

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

275



REFERENCES 
Ahern, G. L., & Schwartz, G. E. (1985). Differential lateralization for positive and negative emotion

in the human brain: EEG spectral analysis. Neuropsychologia, 23(6), 745-756. doi: 10.1016/
0028-3932(85)90081-8 

Babinksi, J. (1914). Contributions of cerebral hemispheric organization in the study of mental troubles.
Review Neurologique, 27, 845-848. 

Banich, M. T., Stolar, N., Heller, W., & Goldman, R. B. (1992). A deficit in right-hemisphere perform-
ance after induction of a depressed mood. Neuropsychiatry, Neuropsychology, and Behavioral
Neurology, 5, 20–27. 

Borod, J. C., (1992). Interhemispheric and intrahemispheric control of emotion: A focus on unilateral
brain damage. Journal of Consulting and Clinical Psychology, 60(3), 339-348. doi: 10.1037/
0022-006X.60.3.339 

Borod, J. C. (1993). Cerebral mechanisms underlying facial, prosodic, and lexical emotional expres-
sion: A review of neuropsychological studies and methodological issues. 

Neuropsychology, 7(4), 445-463. doi: 10.1037/0894-4105.7.4.445  
Borod, J. C., Andelman, F., Obler, L. K., Tweedy, J. R., & Welkowitz, J. (1992). Right hemisphere spe-

cialization for the identification of emotional words and sentences: 
Evidence from stroke patients. Neuropsychologia, 30(9), 827–844. doi: 10.1016/0028-3932(92)

90086-2 
Borod, J. C., Bloom, R. L., Brickman, A. M., Nakhutina, L., & Curko, E. A. (2002). Emotional pro-

cessing deficits in individuals with unilateral brain damage. Applied 
Neuropsychology, 9(1), 23–36. doi: 10.1207/S15324826AN0901_4 
Borod, J. C, Caron, H, & Koff, E. (1981). Asymmetry in positive and negative facial expressions:

Sex differences. Neuropsychologia, 19(6), 819-824. doi: 10.1016/0028-3932(81)90095-6 
Borod, J. C., Cicero, B. A., Obler, L. K., Welkowitz, J., Erhan, H. M., Santschi, C.,…Whalen, J. R.

(1998). Right hemisphere emotional perception: Evidence across multiple channels. Neuropsy-
chology, 12(3), 446–458. doi: 10.1037/0894-4105.12.3.446 

Borod, J. C., Haywood, C. S., & Koff, E. (1997). Neuropsychological aspects of facial asymmetry
during emotional expression: A review of the normal adult literature. Neuropsychology Review,
7(1), 41-60. 

Borod, J. C, Koff, E, & Buck, R. (1986). The neuropsychology of facial expression in normal and
brain-damaged subjects. In P. Blanck, R. Buck, & R. Rosenthal (Eds.), Nonverbal communication
in the clinical context (pp. 196-222). University Park, PA: Pennsylvania State University Press. 

Borod, J. C, Koff, E, & Caron, H. (1983). Right hemispheric specialization for the expression and
appreciation of emotion: A focus on the face. In E. Perecman (Ed.), Cognitive processing in
the right hemisphere (pp. 83-110). New York: Academic Press. 

Borod, J. C., Rorie, K. D., Pick, L. H., Bloom, R. L., Andelman, F., Campbell, A. L.,…Sliwinksi, M.
(2000). Verbal pragmatics following unilateral stroke: Emotional content and valence. Neu-
ropsychology, 14(1), 112–124. doi: 10.1037/0894-4105.14.1.112 

Borod, J. C., Vingiano, W., & Cytryn, F. (1988). The effects of emotion and ocular dominance on
lateral eye movement. Neuropsychologia, 26(2), 213–220. doi:10.1016/0028-3932(88)90075-9 

Bostanov, V., & Kotchoubey, B. (2004). Recognition of affective prosody: Continuous wavelet
measures of event-related brain potentials to emotional exclamations. Psychophysiology, 41(2),
259-268. doi: 10.1111/j.1469-8986.2003.00142.x 

Bowers, D., Coslett, B., Bauer, R., Speedie, L., & Heilman, K. M. (1987). Comprehension of emo-
tional prosody following unilateral brain damage: Processing versus distraction defects. Neu-
ropsychologia, 25, 317-328. 

Bryden, M. P., Free, T., Gagne, S., & Groff, P. (1991). Handedness effects in the detection of di-
chotically-presented words and emotions. Cortex, 229-235. 

Bryden, M. P., & Ley, R. G. (1983). Right-hemispheric involvement in the perception and expression
of emotion in normal humans. In K. M. Heilman & P. Satz (Eds.), Neuropsychology of human
emotion (pp. 6-44). New York: Guilford Press. 

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

276



Bryden, M. P., & MacRae, L. (1989). Dichotic laterality effects obtained with emotional words. Neu-
ropsychiatry, Neuropsychology, and Behavioral Neurology, 1, 171-176. 

Buchanan, T. W., Lutz, K., Mirzazade, S., Specht, K., Shah, N. J., Zilles, K., & Jancke, L. 
(2000). Recognition of emotional prosody and verbal components of spoken language: An fMRI

study. Cognitive Brain Research, 9(3), 227-238. doi: 10.1016/S0926-6410(99)00060-9 
Buck, R. (1984). The communication of emotion. New York: Guilford Press. 
Carmona, J. E., Holland, A. K., & Harrison, D. W. (2009). Extending the functional cerebral systems

theory of emotion to the vestibular modality: A systematic and integrative approach. Psycho-
logical Bulletin, 135(2), 286-302. doi: 10.1037/a0014825 

Centers for Disease Control and Prevention (2001). Prevalence of disabilities and associated
health conditions among adults: United States, 1999. Morbidity and Mortality Weekly Report,
50, 120 –125. 

Coren, S. P., Porac, C., & Duncan, P. (1979). A behaviorally validated self-report inventory to as-
sess 4 types of lateral preferences. Journal of Clinical Neuropsychology, 1, 55-64. 

Davidson, R. J. (1984). Affect, cognition, and hemispheric specialization. In C. E. Izard, J. 
Kagan, &R. Zajonc (Eds.), Emotion, cognition, and behavior (pp. 320-365). New York: Cambridge

University Press. 
Davidson, R. J. (1995). Cerebral asymmetry, emotion, and affective style. In R. J. Davidson & K.

Hughdahl (Eds.), Brain Asymmetry (pp. 361–387). Cambridge: MIT Press. 
Davidson, R. J., Ekman, P., Saron, C. D., Senulis, J. A., & Friesen, W. V. (1990). Approachwith-

drawal and cerebral asymmetry: Emotional expression and brain physiology. I. Journal of Per-
sonality and Social Psychology, 58(2), 330-341. doi: 10.1037/0022-3514.58.2.330 

Davidson, R. J., & Fox, N. A. (1982). Asymmetrical brain activity discriminates between positive
versus negative affective stimuli in human infants. Science, 218(4578), 1235-1237. doi: 10.
1126/science.7146906 

Davidson, R. J., & Henriques, J. B. (2000). Regional brain function in sadness and depression. In
J. C. Borod (Ed.), The neuropsychology of emotion (pp. 269-297). New York: Oxford Press. 

Davidson, R. J., Schwartz, G. E., Saron, C., Bennett, J., & Goleman, D. J. (1979). Frontal versus pa -
rietal EEG asymmetry during positive and negative affect. Psychophysiology, 16(2), 202-203. 

Debener, S., Beauducel, A., Nessler, D., Brocke, B., Heilemann, H., & Kayser, J. (2000). Is resting
anterior EEG alpha asymmetry a trait marker for depression? Findings for healthy adults and
clinically depressed patients. Neuropsychobiology, 41, 31–37. 

Demaree H. A. & Everhart, D. E. (2004). Healthy high-hostiles: reduced parasympa-thetic activity
and decreased sympathovagal flexibility during emotional processing. Personality and Individ-
ual Differences. 36(2), 457–69. 

Demaree, H. A., Everhart, D. E., Youngstrom, E. A, & Harrison, D. W. (2005). Brain lateralization
of emotional processing: Historical roots and a future incorporating “dominance.” Behavioral
and Cognitive Neuroscience Reviews, 4(1), 3-20. doi: 10.1177/1534582305276837 

Demaree, H. A., Shenal, B. V., Everhart, D. E. & Robinson, J. L. (2004). Primacy and recency ef-
fects found using affective word lists. Cognition and Behavioral Neurology. 17(2), 102–8. 

Demaree, H. A., & Harrison, D. W. (1997). Physiological and neuropsychological correlates of hos-
tility. Neuropsychologia, 35(10), 1405-1411. 

Denny-Brown, D., Meyer, J. S., & Horenstein, S. (1952). The significance of perceptual 
rivalry resulting from parietal lesions. Brain, 75(4), 434-471. doi: 10.1093/brain/75.4.432 
Diego, M. A., Field, T., Sanders, C., & Hernandez-Reif, M. (2004). Massage therapy of moderate

and light pressure and vibrator effects on EEG and heart rate. International Journal of Neuro-
science, 114(1), 31-45. doi: 10.1080/00207450490249446 

Dimond, S. J., Farrington, L., & Johnson, P. (1976) Differing emotional response from right and
left hemispheres. Nature, 261(5562), 690-692. doi: 10.1038/261690a0 

Ehrlichman, H. (1987). Hemispheric asymmetry and positive-negative affect. In D. Ottoson (Ed.),
Duality and unity of the brain (pp.194-206). Hampshire, England: Macmillan. 

Ekman, P., & Davidson, R. J. (1993). Voluntary smiling changes regional brain activity. Psycho-
logical Science, 4(5), 342-345. doi: 10.1111/j.1467-9280.1993.tb00576.x 

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

277



Ekman, P., Davidson, R. J., & Friesen, W. V. (1990). The Duchenne smile: Emotional expression
and brain physiology. II. Journal of Personality and Social Psychology, 58(2), 342-353. doi: 10.
1037/0022-3514.58.2.342 

Emerson, C. S., Harrison, D. W., & Everhart, D. E. (1999). Investigation of receptive affective
prosodic ability in school-aged boys with and without depression. Neuropsychiatry, Neuropsy-
chology, and Behavioral Neurology, 12(2), 102–109. 

Everhart, D. E., Carpenter, M. D., Carmona, J. E., Ethridge, A. J., & Demaree, H. A. (2003). Adult
sex-related P300 differences during the perception of emotional prosody and facial affect. Psy-
chophysiology, 40, 39-39. 

Everhart, D. E., & Demaree, H. A. (2003). Low alpha power (7.5–9.5 Hz) changes during positive
and negative affective learning. Cognitive, Affective, and Behavioral Neuroscience, 3(1), 39–45. 

Fleminger, S. (1991). Left-sided Parkinson’s disease is associated with greater anxiety and de-
pression. Psychological Medicine, 21, 629–638. 

Foster, P. S., Drago, V., Ferguson, B. J., & Harrison, D. W. (2008). Cerebral moderation of cardio-
vascular functioning: A functional cerebral systems perspective. Clinical Neurophysiology,
119(12), 2846-2854. doi: 10.1016/j.clinph.2008.08.021 

Fox, N. A. (1991). If it’s not left, it’s right. American Psychologist, 46(8), 863-872. doi: 10.1037/0003-
066X.46.8.863 

Fox, N. A., & Davidson, R. J. (1988). Patterns of brain electrical activity during facial signs of emo-
tion in 10-month-old infants. Developmental Psychology, 24(2), 230-236. doi: 10.1037/0012-
1649.24.2.230 

George, M. S., Parekh, S. I., Rosinsky, N., Ketter, T. A., Kimbrell, T. A., Heilman, K. M., & Hersco -
vitch, P. (1996). Understanding emotional prosody activates right hemisphere regions. Archives
of Neurology, 53(7), 655-670. 

Goldstein, K. (1939). The organism. New York, NY: American Books. 
Green, J. B., & Hamilton, W. J. (1976). Anosagnosia for hemiplegia: Somatosensory evoked po-

tential studies. Neurology, 26(12), 1141-1144. 
Harrison, D. W. (2015). Brain asymmetry and neural systems: Neuroscience foundations for clinical

neuropsychology. New York, NY: Springer Publishing Company. 
Harrison, D. W., & Gorelczenko, P. M. (1990). Functional asymmetry for facial affect perception in

high and low hostile men and women. International Journal of Neuroscience, 55(2-4), 89-97.
doi: 10.3109/00207459008985954 

Heilman, K. M. (1982). Amnestic disturbance following the left dorsomedial nucleus of the thala-
mus. Neuropsychologia, 20(5), 597-604. doi: 10.1016/0028-3932(82)90033-1 

Heilman, K. M. (1997). The neurobiology of emotional experience. Journal of Neuropsychiatry and
Clinical Neuroscience, 9(3), 439-448. 

Heilman, K. M., & Bowers, D. (1990). Neuropsychological studies of emotional changes induced
by right and left-hemisphere lesions. In N. Stein, B. Leventhal, & T. Trabasso (Eds.), Psycho-
logical and Biological Approaches to Emotion (pp. 97-114). Hillsdale, NJ: Lawrence Erlbaum. 

Heilman, K. M., Bowers, D., & Valenstein, E. (1985). Emotional disorders associated with neuro-
logical diseases. In K. M. Heilman & E. Valenstein (Eds.), Clinical Neuropsychology (pp. 377-
402). New York: Oxford University Press. 

Heilman, K. M., Bowers, D., & Valenstein, E. (1993). Emotional disorders associated with neuro-
logical diseases. In: Heilman, K. M., and Valenstein, E. (Eds.), Clinical Neuropsychology, Ox-
ford University Press, New York, pp. 461–498. 

Heilman, K. M., & Gilmore, R. L. (1998). Cortical influences in emotion. Journal of Clinical Neuro-
physiology, 15(5), 409-423. 

Heilman, K. M., Scholes, R., & Watson, R. T. (1975). Auditory affective agnosia. Disturbed com-
prehension of affective speech. Journal of Neurology, Neurosurgery, and Psychiatry, 38(1),
1018-1020. doi: 10.1136/jnnp.38.1.69 

Heilman, K. M., Schwartz, H. D., & Watson, R. T. (1978). Hypoarousal in patients with the neglect
syndrome and emotional indifference. Neurology, 28(3), 229-232. 

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

278



Heilman, K. M., & Van Den Abell, T. (1979). Right hemisphere dominance for mediating cerebral
activation. Neuropsychologia, 17(3-4), 315-321. doi: 10.1016/0028-3932(79)90077-0 

Heilman, K. M., & Van Den Abell, T. (1980). Right hemisphere dominance for attention: The mecha -
nism underlying hemispheric asymmetry of inattention. Neurology, 30, 327-330. 

Heilman, K. M., Watson, R. T., & Valenstein, E. (2003). Neglect and related disorders. In K. 
M. Heilman & E. Valenstein (Eds.), Clinical neuropsychology (pp. 447–478). New York, NY: Oxford

University Press. 
Heller, W. (1993). Neuropsychological mechanisms of individual differences in emotion, personality,

and arousal. Neuropsychology, 7(4), 476–489. doi: 10.1037/0894-4105.7.4.476 
Henriques, J.B., & Davidson, R.J., (1991). Left frontal hypoactivation in depression. Journal of Ab-

normal Psychology, 100(4), 535–545. doi: 10.1037/0021-843X.100.4.535 
Herridge, M. L., Harrison, D. W., & Demaree, H. A. (1997). Hostility, facial configuration, and bilate -

ral asymmetry on galvanic skin response. Psychobiology, 25(1), 71-76. 
Herridge, M. L., Harrison, D. W., Mollet, G. A., & Shenal, B. V. (2004).Hostility and facial affect

recognition: Effects of a cold pressor stressor on accuracy and cardiovascular reactivity. Brain
and Cognition, 55(3), 564–571. doi: 10.1016/j.bandc.2004.04.004 

Hines, M. (1990). Gonadal hormones and cognitive development. In Balthazart (Ed.), Hormones,
brain, and behavior in vertebrates: 1. Comparative physiology, (pp. 51-63). Basel, Switzerland:
Karger. 

Holland, A.K., & Harrison, D.W. (in press).  An extension of the functional cerebral systems ap-
proach to hostility:  A capacity model utilizing a dual concurrent task paradigm. Journal of Clini -
cal and Experimental Neuropsychology. 

Howes, D., & Boller, F. (1975). Simple reaction times: Evidence for focal impairment from lesions
of the right hemisphere. Brain, 98(2), 317-332. 

Hugdahl, K. (1995). Dichotic listening: Probing temporal lobe functional integrity. In R. J. Davidson
& K. Hugdahl (Eds.), Brain Asymmetry (pp. 123–156). Cambridge: MIT Press. 

Hugdahl, K. (2002). Dichotic listening in the study of auditory laterality. In K. Hugdahl & R. J. David-
son (Eds.), The Asymmetrical Brain (pp. 441-476). Cambridge: MIT Press. 

Imaizumi, S., Mori, K., Kiritani, S., Kawashima, R., Sugiura, M., & Fukuda, H. (1997). Vocal identifi -
ca tion of speaker and emotion activates different brain regions. NeuroReport, 8(12), 2809-2812.
doi: 10.1097/00001756-199708180-00031 

Jacobs, G. D., & Snyder, D. (1996). Frontal brain asymmetry predicts affective style in men. Be-
havioral Neuroscience, 110(1), 3-6. doi: 10.1037/0735-7044.110.1.3 

Johnson, D. J. & Hartlage, L. C. (1997). Neurobehavioral recovery following unilateral CVA. Archi -
ves of Clinical Neuropsychology, 12(4), 342-343. 

Kestenbaum, R., & Nelson, C. A. (1992). Neural and behavioral correlates of emotion recognition
in children and adults. Journal of Experimental Child Psychology, 54(1), 1-18. doi: 10.1016/ 0022-
0965(92)90014-W 

Kopp, B., & Wessel, K. (2008). Neuropsychology of attention. Current Neurology, 35(1), 16-27.
doi: 10.1055/s-2007-986253 

Lee, G. P., Loring, D. W., Meader, K. J., & Brooks, B. B. (1990). Hemispheric specialization for
emo tion expression: A reexamination of results from intracarotid administration of sodium amo-
barbital. Brain and Cognition, 12(2), 267-280. doi: 10.1016/0278-2626(90)90019-K 

Lee, G. P., Meador, K. J., Loring, D. W., Allison, J. D., Brown, W. S., Paul, L. K.,…Lavin, T. B.
(2004). Neural substrates of emotion as revealed by functional magnetic resonance imaging.
Cognitive and Behavioral Neurology, 17(1), 9-17. doi: 10.1097/00146965-200403000-00002 

Levy, B. R. (2003). Mind matters: Cognitive and physical effects of aging self-stereotypes. Journal
of Gerontology, 58(4), 203-211. doi: 10.1093/geronb/58.4P203 

Levy, J. (1969). Possible basis for the evolution of lateral specialization of the human brain. Nature,
224(5219), 614-615. doi: 10.1038/224614a0 

Ley, R. G., & Bryden, M. P. (1982). A dissociation of right and left hemispheric effects for recogniz-
ing emotional tone and verbal content. Brain and Cognition, 1, 3-9. 

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

279



Mandel, M. K., Tandon, S. C., & Asthana, H. S. (1991). Right brain damage impairs recognition of
negative emotions. Cortex, 27, 247–253. 

Mills, C. K. (1912a). The cerebral mechanisms of emotional expression. Transactions of the Col-
lege of Physicians of Philadelphia, 34, 381-390. 

Mills, C. K. (1912b). The cortical representation of emotion, with a discussion of some points in the
general nervous mechanism of expression in its relation to organic nervous mental disease.
Proceedings of the American Medico-Psychological Association, 19, 297-300. 

Mollet, G. A., & Harrison, D. W. (2006). Emotion and pain: A functional cerebral systems integration.
Neuropsychological Review, 16(3), 99-121. doi: 10.1007/s11065-006-9009-3 

Mollet, G. A., & Harrison, D. W. (2007). Affective verbal learning in hostility: An increased primacy
effect and bias for negative emotional material. Archives of Clinical Neuropsychology, 22, 53-
61. doi: 10.1016/j.acn.2006.06.017 

Mondor, T. A., & Bryden, M. P. (1992). On the relation between auditory spatial attention and au-
ditory perceptual asymmetries. Perception and Psychophysics, 52, 393-402. 

Munkong, R. & Juan, B. H. (2008). Auditory perception and cognition. IEEE Signal Processing
Magazine, 25(3), 98-117. doi: 10.1109/msp.2008.918418 

Munte, T. F., Brack, M., Gootheer, O., Wieringa, B. M., Matzke, M., & Johannes, S. (1998). Brain
potentials reveal the timing of face identity and expression judgments. Neuroscience Research,
30(1), 25-34. doi: 10.1016/S0168-0102(97)00118-1 

Narumoto, J., Okada, T., Sadato, N., Fukui, K., & Yonekura, Y. (2001). Attention to emotion modu -
lates fMRI activity in human right superior temporal sulcus. Cognitive Brain Research, 12(2),
225-241. doi: 10.1016/S0926-6410(01)00053-2 

Pąchalska M., MacQueen B.D., Brown J.W. (2012) Microgenetic Theory: Brain and Mind in Time.
[w:] R.W. Rieber (ed) Encyclopedia of the History of Psychological Theories, XXVI. Frankfurt:
Springer,  675-708.

Petruzzello, S. J., Hall, E. E., & Ekkekakis, P. (2001). Regional brain activation as a biological
marker of affective responsivity to acute exercise: Influence of fitness. Psychophysiology, 38(1),
99–106. doi: 10.1111/1469-8986.3810099 

Reuter-Lorenz, P. A., & Davidson, R. J. (1981). Differential contributions of the two cerebral hemi-
spheres to the perception of happy and sad faces. Neuropsychologia, 19(4), 609-613. doi:
10.1016/0028-3932(81)90030-0 

Rey, A. (1964). L’Examin clinique en psychologie. Paris: Universitaire de France. 
Rhodes, R. D., Hu, S. R., & Harrison, D. W. (2000). Losing face: Diminished right frontal capacity

in high-hostiles with facial and cardiovascular dystonia. Manuscript in preparation. 
Robinson, R. G., Kubos, K. L., Starr, L. B., Rao, K., & Price, T. R. (1984). Mood disorders in stroke

patients: importance of location of lesion. Brain, 107(1), 81–93. doi: 10.1093/brain/107.1.81 
Robinson, R. G., Parikh, R. M., Lipsey, J. R., & Starkstein, S. E. (1993). Pathological laughing and

crying following stroke: Validation of a measurement scale and a double-blind treatment study.
American Journal of Psychiatry, 150(2), 286–293. 

Roger, V.L., Go, A.S., Lloyd-Jones, D.M., Adams, R. J., Berry, J. D., Brown, T. M.,…Wylie-Rosett,
J. (2011). Heart disease and stroke statistics - 2011 Update: A report from the American Heart
Association. Circulation, 123(4), e18–e209. doi: 10.1161/CIR.0b013e3182009701 

Ross, E. (1985). Modulation of affect and nonverbal communication by the right hemisphere. In
M-M. Mesulam (Ed.), Principles of behavioral neurology (pp. 239-257). Philadelphia, PA: F. A.
Davis. 

Sackeim, H. A., Greenberg, M. S., Weiman, A. L., Gur, R. C., Hungerbuhler, J. P., & Geschwind,
N. (1982). Hemispheric asymmetry in the expression of positive and negative emotions: Neu-
rologic evidence. Archives in Neurology, 39(4), 210-218. 

Sato, W., Kochiyama, T., Yoshikawa, S., Naito, E., & Matsumura, M. (2004). Enhanced neural ac-
tivity in response to dynamic facial expressions of emotion: An fMRI study. Cognitive Brain Re-
search, 20(1), 81-91. doi: 10.1016/j.cogbrainres.2004.01.008 

Schaffer, C. E., Davidson, R. J., & Saron, C. (1983). Frontal and parietal electroencephalogram
asym metry in depressed and nondepressed subjects. Biological Psychiatry, 18(7), 753762. 

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

280



Schmitt, J. J., Hartje, W., & Willmes, K. (1997). Hemispheric asymmetry in the recognition of emo-
tional attitude conveyed by facial expression, prosody, and propositional speech. Cortex, 33(1),
65–81. 

Shearer, S. L., & Tucker, D. M. (1981). Differential cognitive contributions of the cerebral hemisphe -
res in the modulation of emotional arousal. Cognitive Therapy and Research, 5(1), 85-93. doi:
10.1007/BF01172328 

Shenal, B. V., & Harrison, D. W. (2003). Investigation of the laterality of hostility, cardiovascular
regulation, and auditory recognition. International Journal of Neuroscience, 113, 205-222. 

Shenal, B. V., Harrison, D. W., & Demaree, H. A. (2003). The neuropsychology of depression: 
A lite ra ture review and preliminary model. Neuropsychology Review, 13(1), 33-42. doi: 10.1023/
A:1022300622902 

Shenal, B. V., Rhodes, R. D., & Harrison, D. W. (2000). The effects of stress and affective list learn-
ing on cardiovascular reactivity: A model of dynamic cerebral laterality. Archives of Clinical
Neuropsychology, 15(8), 771-772. 

Silberman, E. K., & Weingartner, H. (1986). Hemispheric lateralization of functions related to emo-
tion. Brain and Cognition, 5(3), 322-353. doi: 10.1016/0278-2626(86)90035-7 

Snyder, K. A., Harrison, D. W., & Shenal, B. V. (1997). An affective auditory verbal learning test.
Archives of Clinical Nueropsychology, 12(5), 477-482. 

Snyder, K. A., Harrison, D. W., & Shenal, B. V. (1998). The affective auditory verbal learning test
Peripheral arousal correlates. Archives of Clinical Neuropsychology, 13(3), 251-258. 

Sperry, R. W. (1966). Brain bisection and mechanisms of consciousness. In J. C. Eccles (Ed.),
Brain and conscious experience. New York: Springer-Verlag. 

Sutton, S. K., & Davidson, R. J. (2000). Prefrontal brain electrical asymmetry predicts the evalua-
tion of affective stimuli. Neuropsychologia, 38(13), 1723-1733. doi: 10.1016/S0028-3932(00)
00076-2 

Toglia, M. P., & Battig, W. F. (1978). Handbook of word norms. Hillsdale, NJ: Lawrence Erlbaum. 
Tomarken, A. J., Davidson, R. J., & Henriques, J. B. (1990). Resting frontal brain asymmetry pre-

dicts affective responses to films. Journal of Personality and Social Psychology, 59(4), 91–801.
doi: 10.1037/0022-3514.59.4.791 

Tomarken, A. J., Davidson, R. J., Wheeler, R. E., & Doss, R. C. (1992). Individual differences in
anterior brain asymmetry and fundamental dimensions of emotion. Journal of Personality and
Social Psychology, 62(4), 676-687. doi: 10.1037/0022-3514.62.4.676 

Trystuła M, Żychowska M, Wilk-Frańczuk M, Kropotov JD, Pąchalska M. Dysregulation of gene
expression in a patient with depressive disorder after transient ischemic attack confirmed by 
a neurophysiological neuromarker. Gen  Mol Res 2017: 16(1):gmr16019532; 1-11.

Tucker, D. M. (1981). Lateral brain function, emotion, and conceptualization. Psychological Bulletin,
89(1), 19-46. doi: 10.1037/0033-2909.89.1.19 

Tucker, D. M., & Frederick, S. L. (1989). Emotion and brain lateralization. In: Wagner, H., & Man -
stead, A. (Eds.), Handbook of Social Psychophysiology (pp. 27-70). New York, NY: Wiley. 

Tucker, D. M., & Newman, J. P. (1981). Verbal versus imaginal cognitive strategies in the inhibition
of emotional arousal. Cognitive Therapy and Research, 5(2), 197-202. doi: 10.1007/BF01172527 

Tucker, D. M., Roth, R. S., Arneson, B. A., & Buckingham, V. (1977). Right hemisphere activation
during stress. Neuropsychologia, 15(4-5), 697–700. doi: 10.1016/0028-3932(77)90076-8 

Van Orden, G. C., Pennington, B. F., & Stone, G. O. (2001). What do double dissociations prove?
Cognitive Science, 25, 111-172. doi: 10.1207/s15516709cog2501_5 

Vanderploeg, R. D., Brown,W. S., &Marsh, J. T. (1987). Judgments of emotion in words and faces:
ERPcorrelates. International Journal of Psychophysiology, 5(3), 193-205. doi: 10.1016/0167-
8760(87)90006-7 

Welte, P. O. (1993). Indices of verbal learning and memory deficits after right hemisphere stroke.
Archives of Physical Medicine and Rehabilitation, 74(6), 631-636. 

Wheeler, R. E., Davidson, R. J., & Tomarken, A. J. (1993). Frontal brain asymmetry and emotional
reactivity: A biological substrate of affective style. Psychophysiology, 30(1), 82-89. 

Winer, B. J. (1971). Statistical principles in experimental design. New York: McGraw Hill. 

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

281



Wittling, W. (1990). Psychophysiological correlates of human brain asymmetry: Blood pressure
changes during lateralized presentation of an emotionally laden film. Neuropsychologia, 28(5),
457-470. doi: 10.1016/0028-3932(90)90072-V 

Wittling, W. (1997a). The right hemisphere and the human stress response. In B. Folkow, T.
Schmidt, & K. Uvnas-Moberg (Eds.), Stress, health, and the social environment. James P.
Henry’s integrative ethological approach to medicine reflected by recent research in humans
and animals, in memory of a great 20th century physiologist (Ada Physiologica Scandinavica,
Supplement), 640, pp. 55-59. Göteborg: Blackwell Science. 

Wittling, W., & Roschmann, R. (1993). Emotion-related hemisphere asymmetry: Subjective emo-
tional responses to laterally presented films. Cortex, 29(3), 431–448. 

Yesavage, J.A., Brink, T.L., Rose, T.L., Lum, O., Huang, V., Adey, M.B., & Leirer, V.O. (1983). Develop -
ment and validation of a geriatric depression screening scale: A preliminary report. Journal of
Psychiatric Research, 17, 37-49. 

Corresponding Author:

David W. Harrison, Ph.D., 
Department of Psychology, Behavioral Neuroscience Laboratory,
Williams Hall, Virginia Polytechnic Institute, Blacksburg, VA, USA
e-mail: dwh@vt.edu

Comer, Laterality, Emotion, and Cardiopulmonary Functions in CVA Patients

282



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


