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Abstract: The way that emotions are processedeiibthin has been widely debated. The two
leading hypotheses are the cognitive appraisalpogw (Lazarus, 1982) and the affective
primacy hypothesis (Zajonc, 1980). The former asghat higher cortical structures are needed
to evaluate affective stimuli whereas the lattasesas that humans can use information only
processed at the subcortical level to influenceale. The current study tested the presence of
this subcortical pathway by using an affective [migntask developed by Murphy and Zajonc
(1993). Happy and angry faces were presented fios Before the presentation of a neutral
stimulus (Chinese Ideograph) that participants vasted to rate based on how much they liked
each one. Individuals do not report conscious ames® of primes presented at this suboptimal
speed. In a young adult sample, participants rigeagraphs preceded by happy primes
significantly higher than those preceded by angiypes. Also, the priming effect was only
observed in participants who reported a high pasitnood. Next, when primes were presented in
the left or right hemifield priming was only foumathe right hemifield, and was driven by
increased ratings for ideographs preceded by hapmes. Patients with epilepsy who have
undergone a temporal lobectomy provide a uniquexppity to study emotional processing. In

this procedure, not only is the seizure focus ¢@&lhy the hippocampus) removed, but the



amygdala and surrounding areas of the mesial teahfmdre are removed as well. Nine patients
post right temporal lobectomy and three patientt [@ft temporal lobectomy completed the

study and did not show an effect of priming. Howed pre-surgical epilepsy patients were
found to give higher liking ratings to ideograpleqeded by angry primes as compared to those
preceded by happy primes. Overall, these resutisstithe affective primacy hypothesis
however they also suggest that patients with teaipoibe dysfunction may process emotional
stimuli differentially from controls. In this popation, ideographs preceded by angry primes were
rated as more liked than those preceded by hapmesgr Directions for future studies to clarify

the role of the amygdala in emotional processiegdiscussed.
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Chapter 1 - The Role of the Amygdala in Affective Processing

Emotions are crucial to our everyday existencesauial functioning. Affective
processing helps us to read the feelings of otlwedsrespond appropriately. As a species
that lives in groups and depends heavily on coadjperdetween individuals, being able
to quickly interpret both verbal and nonverbal cpesvides a distinct advantage to
maintaining mutually beneficial relationships. Emas also provide important cues for
our safety. For example, when two individuals aaeiig a conversation and one
becomes angry it is crucial for the other to recogthis facial affect and make the
proper adjustments to their behavior. If this atipent is not made it could lead to

escalation of the verbal argument or even physicéénce.

We are constantly bombarded with a multitude otseninformation so it is
vital that we are able to quickly attend to rel@vstimuli. One function of emotions is to
help provide these attentional shortcuts. a study by Kubota et al. (2000) participants
who were exposed to negative images, such asdéngid animals, at speeds so fast they
could not consciously detect them (30 ms) showgkater galvanic skin response
(GSR) than when they were exposed to pleasant snddps shows that humans possess
the cognitive ability to detect threat extremelyally. In the case of fear, threatening
stimuli trigger a sympathetic nervous system respdas indicated by GSR in this case).
While the evolutionary necessity of affective pregiag is widely understood, the neural

underpinnings are not as well known.

1.1 L esion Studiesin Animals




Animal models have shown that there are subconpatdways that allow for
automatic processing of threatening stimuli be&iesmdard cortical processing occurs. In
a study by Romanski & LeDoux (1992), the role & thalamo-amygdala and thalamo-
cortico-amygdala circuits was examined in ratstoe was paired with a foot shock and
the acquisition of fear conditioning was examinedhis experiment some rats were
given lesions to thalamo -amygdala projections,esarare given lesions to the thalamo-
cortico-amygdala projections, and some were givah kesions. Romanski & LeDoux
found that when either pathway was damaged thalispayed fear conditioning, but
when both were damaged they did not show this respadrlhis suggests that there are
two pathways for processing threatening stimuk: ¢brtical route and the subcortical

route (Romanski & LeDoux, 1992).

The amygdala is a region of the brain that isaalty important in both of these
pathways. One of the first studies that elucidétedfunctioning of this region was
conducted by Professor Heinrich Kluver and neugesoim Paul Bucy. After removing
the temporal lobes of several monkeys they notecedmmon pattern of symptoms
including the following: “psychic blindness” (a farof visual agnosia), learning and
memory impairment, oral exploration of objects, éngexuality, and an extinction of fear
and anger behaviors (Kluver & Bucy, 1939). For egeanmonkeys who had previously
been bitten by a snake with intact amygdalae wautidd the animal, while those with
bilateral amygdala damage would casually approaadin. To determine which area of

the temporal lobes was responsible for changesandgnd anger behaviors Weiskrantz



(1956) performed more selective lesions and foumdssociation between ablating
projections from the amygdala and increased tansea@sl a weakening or

disappearance of previously conditioned fear resgen

While Weiskrantz’s work showed a connection betwekarent projections from
the amygdala and fear conditioning, later studiesred a direct connection between
ablation of the amygdala itself and inappropri&actions to social stimuli (Meunier,
Bachevalier, Murray, Malkova, & Mishkin, 1999). étme experiment, fifteen rhesus
monkeys were given neurotoxic amygdala lesionsciwvbiestroyed the region of interest
without harming fibers connecting it to surroundstguctures. Most notably, these
monkeys demonstrated increased submission, andeeédear and aggression behaviors

(Meunier et al., 1999).

Lesion studies in a variety of animal species rsh@avn that destruction of the
amygdala leads to reduced emotionality (see Da®32). Rats with this impairment
show decreased fear in the presence of a sedatadcta fact will sometimes approach
the animal, crawl over it, and nibble its ear (Rlaard & Blanchard, 1972). Additionally,
wild rats with this ablation show decreased fightlight behaviors (Kemble et al.,

1984). Birds with archistriatum (a region analogtmtghe human amygdala) lesions
become docile and will infrequently try to escafmnf humans — a behavior that is not
seen in non-lesioned animals (Phillips, 1964; Ri%)I1968). Across a variety of animals,
destruction of the amygdalae has consistently seewn to lead to these

uncharacteristically docile behaviors.



While ablation techniques demonstrate the absehieaerelated behaviors when
the amygdala is removed, electrical stimulatiothes area corroborates the role of the
amygdala in fear-related behaviors. Electrodestaxically implanted in animals have
been used to show a correlation between elecstoallation of the amygdala and a
variety of physiological markers of fear such asfiilowing: changes in heart rate and
blood pressure (e.g., Anand & Dua, 1956; Pasca]IBy, & Spyer, 1989), respiration
(e.q., Applegate, Kapp, Underwood and McNall, 1988&per, Frysinger, Trelease, and
Marks, 1984), sham rage behavior (Allikmets, 19@8) freezing behavior (e.g., Kaada,
1972). Both ablation and electrical stimulationgehgms demonstrate the role of the
amygdala in fear-related behaviors in animals.nfdrest to the current study are the

neural pathways involved in affective processing.

LeDoux’s experiments give credence to a dual-payhwi@motional processing.
From an evolutionary prospective, a subcorticateaould provide a distinct advantage
for survival. When threatened with a dangeroustisiresponding quickly can mean
the difference between life and death. The tina ithtakes a rat to process an acoustic
stimulus traveling from the thalamus to the amygdslapproximately 12ms, while the
time it takes the same stimulus to travel fromadbeex to the amygdala is twice as long
(LeDoux, 1996). This time advantage is derived ftbmfact that the message traveling
through the subcortical route is routed directbnirthe thalamus to the amygdala, while
the message traveling through the cortical pathiwesymore “stops” to make along the

way. However, the subcortical route is often refdno as the “quick and dirty” pathway;



because while it is faster it has not undergonesnsomplex processing so it only gives a
basic message of threat. This means that, for ebeampat who hears a rustling behind it
may engage in a fight or flight response. The nmag only be the wind rustling leaves,
so the response may not be appropriate for thatgity but overreaction is more

beneficial for survival than not responding to eettiening stimulus.

In addition to direct threats such as predatoesgetlare also social indicators of
threat that facilitate responding appropriatelgémgerous situations. Facial expressions
and body language provide important informatiomtbividuals in a social group. For
example, recognizing a facial expression of feay pravide information that a threat is
in the environment, while recognizing anger maydate that another individual is about
to become physically aggressive. Primates seraeusgful animal model for
understanding this process because they have heamdo display facial expressions
that share similar features to those of humangtzitccommunicate meaningful
information to other group members (Preuschoft & kmoff, 1995; Parr & Heintz,
2009). In one study, young adult rhesus monkeyedain captivity were shown to
initially not be afraid of snakes. However, aftatyoeight minutes of watching a parent
(who had been raised in the wild) display fear talsaa snake, they also demonstrated
fear upon their next exposure to the animal (Min&avidson, Cook, and Keir, 1984).
This research highlights the potency of observalitearning and how powerful social

stimuli are in addition to direct threats.



The proposed subcortical pathway for this kindftécive processing in humans
has been theorized to operate through the pulvanaucleus of the thalamus. While this
structure is virtually non-existent in rats, ifoesent in primates. In a study by Jones &
Burton (1976) the brains of three squirrel monkayd three rhesus monkeys were
examined and projections from the pulvinar to kbtnlateral amygdala and frontal
cortex were found. This evidence of connectivitynmen these two regions in primates

lends further support to a dual-pathway model tdaive processing in humans.

1.2 Lesion Studiesin Humans

Research conducted on animals provides foundaiioioamation about the
amygdala and the neural pathways involved in affegirocessing but it is limited
mainly to conditioned fear paradigms and the subjare unable to provide verbal
feedback regarding their experience. Also, animadiehs provide only an estimation of

how the human brain may function.

Human patients with bilateral amygdala damageigeounique insight into the
role of the amygdala. Adolphs, Tranel, Damasid)@nasio (1994) were among the
first to conduct a series of tests on a patient wits rare condition. This study found
that, compared to controls, the patient with bri@tamygdala damage showed
impairment in recognizing fearful facial expressidiut not in recognizing the identity of
faces. Also, while she could identify the namesgaatiliar faces and draw happy, sad,
angry, and disgusted faces, she could not drawréutdace (Adolphs et al., 1994). This

deficit is consistent with the animal literaturechase it shows that the amygdala not only
6



responds to direct threat but also social indicatdithreat. It also demonstrates that a
different neural system is responsible for affexfprocessing independent of that which

processes identity.

Since this initial study by Adolphs et al. (19%94¢re has been work with other
patients with bilateral amygdala damage that hais xpported this deficit in emotional
facial processing (Broks et al., 1998; Calder gt18196; Adolphs, Tranel, Damasio,
Damasio, 1995; Young, Hellawell, Van de Wal, Jomd®96) and work that has shown
no impairment in this area (Hamann et al., 1996 Possibility that would account for
the variability in these results is the differergtihrodology used. To rectify this problem,
many of the investigators who conducted this regeeollaborated on a single project
where participants were asked to identify the l@falix basic emotions (happiness,
surprise, fear, anger, disgust, and sadness) prieseach of 39 faces. A strength of this
study was the number of participants involved. Wpitevious reports had presented case
studies or data from 2 or 3 patients, this studgmgred 9 patients and compared them to
a more rigorous control group of brain-damagedepdsi It was found that as a group the
patients with bilateral amygdala damage showedfgignt impairment in recognizing
fear (Adolphs et al., 1999). Perhaps just as istargly, statistical analysis of the errors
made showed that these patients did not consigtenstake fear for one other emotion,
but rather mistook it for a variety of emotions.igluggests a specific impairment in fear

recognition and not a simple confusion for anotraotion.



Further studies, however, have revealed even nomplex social constructs that
the amygdala is involved in processing. Not onlgglbilateral amygdala damage impair
fear recognition, but also the ability to judgestworthiness and approachability
(Adolphs, Tranel, & Damasio, 1998). More specifigathese patients show impaired
judgment in recognition of these qualities in fabasnotin verbal descriptions of
individuals. This indicates a specific role of #ti@ygdala in decoding social information
displayed on the face but not necessarily throudighttzer modalities. Also, when taken
collectively with previous studies this demonstsateat the amygdala is involved in more

than simple fear processing.

Building on this work, it has also been shown thatamygdala may have a more
general role in the processing of social emotiatisar than just basic emotions. While
the basic emotions are widely considered to be yaggul, angry, afraid, surprised, and
disgust, social emotions have also been shown teltably detected by healthy adults.
Some examples of these are more complex mentabstath as: scheming, guilt,
thoughtfulness, admiration, flirtatiousness, boradmterest, and arrogance (Baron-
Cohen, Wheelwright, & Jolliffe, 1997). Individualsth Asperger’s Disorder and Autism
have trouble identifying these, as well as patients unilateral and bilateral amygdala
damage (Adolphs, Baron-Cohen, & Tranel, 2002)abt,fpatients with amygdala
damage have more trouble identifying social ematitlvan basic emotions on the whole
(Adolphs, Baron-Cohen, & Tranel, 2002). This mayaméhat the amygdala is involved

in processing select basic emotions as well as wmrglex social emotions.



The amygdala is also known to play a role in enlmandeclarative memory for
emotional events. It is well known that in humansogonal memories are more likely to
be recalled than neutral memories. The amygdadauated in close proximity to the
hippocampus, which is an area responsible for dmtaing episodic memories, and
these structures are highly connected. It has bleewn that patients with bilateral
amygdala damage show poorer long-term memory fatiemal declarative material as
opposed to controls (Adolphs, Cahil, Schul, & Bakin1997). A similar pattern of
results has been found in patients with epilepsy tvdve undergone unilateral temporal

lobectomy (Jambaque, Pinabiaux, Dubouch, Fohlehe8u, & Delande, 2009).

Temporal lobectomy patients show deficits in felidice recognition similar to
patients with bilateral amygdala damage. Howevecahse only one amygdala is absent
in these individuals, the relative role of the kfid right amygdala can be examined.
Some studies have found more general impairmemegative affect recognition both in
facial and vocal expression for both right and tefhporal lobectomy patients (Brierley,
Medford, Shaw, & David, 2004), while others havarfd that patients with right
temporal lobectomy but not left temporal lobectdmaye impaired recognition of fearful
faces (Adolphs, Tranel, Damasio, 2001; Burton,i&tl, Flynn, Labar, & Conn, 2002).
While the role of the left versus the right amygdisl not widely agreed upon in the
literature, it is interesting to note the globalaional status of these individuals after
surgery. Patients who have had a left temporaldimmey tend to report a decrease in

socialization and an increase in depression pagieally as opposed to patients who



have had a right temporal lobectomy who tend tonmepcreases in general happiness

post-surgically (Burton & Labar, 1999).

1.3 Neuroimaging Studiesin Humans

Behavioral tasks conducted on patients with eitimdiateral or bilateral amygdala
damage have helped elucidate the role of the anlgygdaaffective processing but
neuroimaging offers additional insight by showingatstimuli the amygdalae respond to
in vivo. Additionally, neuroimaging techniques allow noddok at the functioning of the

amygdala in healthy individuals, which allows foegter sample sizes.

Some of the first studies using Positron Emis3iomography (PET) and
functional Magnetic Resonance Imaging (fMRI) weoaducted in healthy individuals
and confirmed findings from the animal and humanole studies. Fear conditioning
training performed with healthy adults, demonsttaetivation of the amygdala during
both the acquisition and extinction of fear coratitng (Labar, Gatenby, Gore, LeDoux,
& Phelps, 1998). Also, participants asked to viearful faces without making an
explicit judgment regarding the affect of the stimshowed amygdala activation (Morris
et al., 1996; Breiter et al., 1996). Interestingtythe study conducted by Morris et al.
(1996), a positive correlation was found betweendégree of fear shown in the face and
the blood-oxygen-level-dependant (BOLD) respong@énamygdala. This suggests that

the amygdalae are responsive not only to facialtemdut the intensity as well.
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Subsequent studies have also found a link bettfeeeimtensity of non-facial
visual stimuli and amygdala activation. In one gtbdth negative and neutral scenes
were presented to healthy adults and they weraddskete the emotional intensity of
the stimuli. Similar to the facial expression segjithe scenes which were rated as the
most emotionally intense also produced the gre&@4iD response in the amygdala
(Canli, Zhao, Brewer, Gabrieli, & Cabhill, 2000). i$hs important because it shows both
that the human amygdala is involved in processmgtmnal valence/content of complex
visual stimuli and that there is a variable respadhsit is dependent on emotional
intensity. Further, in a study by Canli et al. (QROvhen an unannounced memory test
was conducted 3 weeks after initial exposure tcstimauli, the left amygdala activation
during encoding was predictive of the participam&mory for the scenes. This finding
demonstrates the role of the amygdala in the cale@n of emotional memories.

Additionally, the study by Canli et al. (2000) gegts laterality effects that are
somewhat contradictory to lesion studies. As dbscrin the previous section many
lesion studies have found either a similar roletier left and right amygdalae in the
processing of negative emotion or that the righygatala is more involved in this
processing. However, in the neuroimaging literatheeresults are still mixed but more
consistently show left amygdala activation. Forregke, during mood induction
paradigms a BOLD response in the left amygdalableas found to correspond with both
happy and sad mood induction (Schneider et al.7199so0, a review by Baas, Aleman,
& Kahn (2004) reported the findings of a meta-asislgonducted on 54 fMRI and PET

studies in which they found that across studiesddftemygdala was more frequently
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activated than the right amygdala. Perhaps mostastingly they did not find a
correlation between laterality of activation andesal factors that have been
hypothesized to be processed differentially inléfieand right amygdala: type of stimuli
(pictures/words), instruction set (implicit/exptigiand level of processing
(simple/elaborate). Another review (Wager, Phahetzon, Taylor, 2003) also found no

laterality effects for positive and negative stinand no difference across genders.

While individual studies have found differencedhe role of the left and right
amygdala, the consistent finding that meta-analgleasot show these effects on a larger
scale has caused further speculation regardingh&hédterality effects exist or whether
they are more complicated than first imagined. @wery is that the amygdala is a
relevance detector that plays a role in determitinegsalience of a stimulus in relation to
an individual's well-being (Wager, Phan, Liberzdmylor, 2003). This would explain
why positive stimuli also activate the amygdalagwese detecting stimuli that should be
approached is just as necessary as avoiding stihailpose a threat. Another theory is
that the right amygdala is part of a faster stirauatection system while the left
amygdala is more involved in sustained stimuluguateon (Wright et al., 2001). This is
consistent with the disparity in the lesion studied neuroimaging meta-analyses. One
of the troubles with fMRI research is the tempaeesolution. It could be that the right
amygdala is just as involved in affective procegsia the left but because it processes
more quickly the activation may not be capturedheytime period sampled (Wright et

al., 2001). This is also supported by studies shatv faster habituation to complex

12



emotional pictures in the right amygdala than ml#ft amygdala when measured by
fMRI (Irwin et al., 1996) and PET (Fischer et @000). Neuroimaging studies have
helped to shape these theories but further bela\egperiments are needed to examine

the relative role of the left and right amygdalae.
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Chapter 2 - Affective Priming and the Role of the Amygdala

The way that emotions are processed in the hurran bas been widely debated
in the literature. The two leading hypotheses ftgcive processing are the cognitive
appraisal viewpoint (Lazarus, 1982), and the affegbrimacy hypothesis (Zajonc,
1980). The cognitive appraisal viewpoint asserds ghperson must understand the
implications of an emotionally salient stimulusorder to determine if it will threaten its
well-being. Thus, information must be processeligmer cortical structures. Whereas,
the affective primacy hypothesis asserts that thexesubcortical structures that allow
humans to quickly assess the valence of a stinbdimre it is processed by higher
cortical areas. Both hypotheses agree that kagtsties in emotional processing include
the amygdalae and portions of the prefrontal coft@zarus, 1982; Zajonc, 1980;
Morris, Ohman, & Dolan, 1999). However, the affeetprimacy hypothesis (the dual-
pathway model) theorizes that humans can use irfomonly processed at the
subcortical level, in the absence of higher cofficacessing, to influence behavior.

To test this theory Murphy & Zajonc (1993) condukctestudy where participants
were asked to rate how much they liked neutraldti@€hinese ideographs) that were
primed by an affective face of happy or angry veéermrhey found that when the same
ideographs were preceded by a happy face theynatye as more likeable than when
they were preceded by an angry face. This effestsgean when the faces were only
presented for 4ms, a suboptimal presentation tme then backward masked. This
duration of stimulus presentation ensured thap#récipants did not consciously

perceive the stimulus. This was confirmed by pgréiet reports. The assumption

14



underlying this paradigm is that at suboptimal pn¢gtion times the stimuli are
processed in the amygdalae but not in frontal &tres (Murphy & Zajonc, 1993).

Since this initial study, priming has been showaffect other behaviors in
humans. Mirroring the animal work, studies havenbeanducted that look at the role of
affective priming in conditioned fear responsesté@dy by Ohman and Soares (1998)
tested whether fear-relevant (pictures of spidatssmnakes) or fear-irrelevant (pictures of
mushrooms and flowers) stimuli presented at subwitspeeds could be used to
condition participants to predict a mild electriosk. The participants did not report
conscious knowledge of the stimuli but those wioenre=d the fear-relevant primes did
show an increased GSR before the shock. This &lekto the findings with rats and
indicates that stimuli that are not consciouslycpered can affect physiology and fear
conditioning. It also demonstrates an effect ahprg for only fear-relevant stimuli.

In addition to altering physiological responsesnimg has also been shown to
affect evaluative judgments beyond liking or nkinlg. An individual’s beliefs regarding
a stranger’s personality traits have been shoviretmfluenced by a suboptimally
presented affect-arousing photograph (Krosnickz Baissim, and Lynn, 1992).
Additionally, participants in another study judgsalvel cartoon characters as having
more negative traits when the cartoon was precbygedsuboptimally presented prime of
a face expressing disgust as compared to whersipwiaed with either a neutral face or
one expressing joy (Niedenthal, 1990). This reseahows a link between unconscious

perception of a stimulus and its subsequent infleeon an evaluative judgment.
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One method of discovering the neural processesriymalg this effect has been
the use of neuroimaging studies. Paradigms usitignappresentation times have shown
amygdala activation in response to making evalegtidgments about stimuli.
Cunningham, Johnson, Gatenby, Gore, and Banaj3j28€formed a study where
participants read the names of famous people anel evher instructed to rate the person
as “good” or “bad,” or to decide when the persardi (“past” or “present”). They found
increased BOLD activation in the amygdala for nana¢sd as “bad” compared with
those rated as “good” in both conditions, and algpeater medial and ventrolateral
prefrontal cortex (PFC) response for this eval@afidgment as compared to the non-
evaluative judgment. Similarly, Hariri, Bookheimé& Mazziotta (2000) scanned
participants in an fMRI while they matched angryfearful faces to a target face or
chose the correct linguistic label for the affeisippthyed on a face. They found that the
perceptual matching task corresponded to bilataralgdala activation while the
linguistic matching task corresponded to activatiothe right PFC and relatively
diminished activation in the amygdalae (Hariri, Rbeimer, & Mazziotta, 2000). A later
study conducted by Hariri and colleagues showedainee effect when this task was
applied to pictures of threatening stimuli (Hariviattay, Tessitore, Fera, & Weinberger,
2003). Taken together these studies provide evalehthe involvement of the
amygdalae and PFC in making evaluative judgmentserspecifically, the Hariri studies
show the unique role of the amygdala for makingyudnts that are not dependent on

linguistics and are perceptual in nature.
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In line with these studies using optimal preseatatimes, neuroimaging studies
using suboptimal presentation times also demomsthat unique role of the amygdala in
priming. It has been shown that when fearful orgdyajaces are presented for only 33
milliseconds (msec) and masked by a neutral fackyiduals report seeing only neutral
faces but show greater bilateral amygdala actindoo those primed with fearful faces
as compared to those primed with happy faces (Wiretlal., 1998). This BOLD
response in the amygdalae in response to emotyovelktnced stimuli that are not
consciously perceived have been shown in a nunftetudies (Irwin et al., 1996; Breiter
et al., 1996; Cahill et al.,; 1996; Morris et 41996). This activation in the absence of
PFC activation provides evidence for a subcorticate of emotional processing.

Additionally, a study by Morris, Ohman, & Dolan @% expanded upon these
studies showing amygdala activation in respongarotionally-valenced primes and
looked at what other areas of the brain had agtthiat covaried with the amygdala while
viewing these primes. By examining what voxels wastve when the amygdala was
active, they found evidence for connectivity betaélee pulvinar, superior colliculus,
and right amygdala during the presentation of stib@ primes. This was an interesting
finding because it is in line with the subcortioalite found in animal models. Thus this
study provides compelling evidence for a subcarticate of emotional processing in
humans.

A route of processing that does not involve consslpperceiving stimuli is also
supported by a case study conducted on a pati¢mtsyatial extinction due to right

parietal lobe damage (Williams & Mattingley, 200¥)sual extinction is a phenomenon
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in which two stimuli are presented briefly in umsim both visual fields, and the patient
shows extinction to the contralesional stimulusnt#e even though unilateral
sensitivity/perception of the stimulus is intachem presented simultaneously with a
stimulus in both hemifields, the patient does rartsciously perceive or report the
stimulus in the affected side and cannot expliegiyort what was seen. Williams and
Mattingley created a task to look at whether prigneffects were present in a patient with
this condition during spatial extinction. In thepeximental condition, one face was
presented in each hemifield for 160 msec (optimas@ntation time). One of these faces
had an emotional valence (happy or sad) and oneneuasal. The patient was then
presented with a target face centrally and askedtéothe affective valence of the target
face. In healthy adults a priming effect is seeemthe prime matches the target. For
instance, if the prime was a happy face and tHevithg target was a happy face the
participant would more quickly judge the targetappy than if a non-congruent prime
had preceded it (e.g., an angry face). Williams ldiattingly found that the patient with
extinction to double simultaneous stimulation exeit this priming effect both when the
face prime was presented to the intact hemiteldwhen the face prime was
extinguished. This shows further evidence thatcéiffe priming occurs outside of
conscious awareness.

Another approach to examining the neural processvgved during affective
priming is to observe how the system works withley component: the amygdala. In
patients with unilateral amygdala damage, prim@shbeaprojected to either the intact

hemisphere or the lesioned hemisphere and the qudasephysiological responses can
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be monitored. Galvanic skin response, in this dasgsed as a quantifiable measure of
emotional arousal. Kubota et al. (2000) used pgstwf negative animals/scenes and
pictures of neutral items/scenes and projected thestther the ipsilesional or
contralesional hemifields of patients who had ugdee a unilateral temporal lobectomy.
When the negative pictures were presented to thetihemisphere, the patients showed
a greater GSR than when the neutral pictures wexsepted. This effect, however, was
only seen under suboptimal viewing conditions (3&a) and was not seen when
pictures were presented to the lesioned hemisphbre study again points to an
important role of the amygdala in unconscious pssicey of affective material.

In addition to showing overall impairment in uncoiasis processing of affective
stimuli in patients with unilateral amygdala dama@é&scher and Adolphs have also
demonstrated differences between right and leitbhss(2003). This study followed a
method similar to Kubota et al. (2000), but thenstli were comprised of positive,
negative, and neutral pictures and the patients wsked to rate the pictures based on
how emotionally arousing they found them to berafie GSR task was completed. They
found that patients with right amygdala damage gtbasignificantly lower GSR in
response to negative pictures as compared to thizeaintrol group. This shows a
connection between an intact right amygdala anevstgpaverage arousal to a stimulus.
They also found that in patients with an intact &hygdala their GSR was more highly
correlated with the arousal ratings they gave tbhtuges than in patients with a lesioned
left amygdala. The authors conclude that the raghygdala may provide an overall level

of emotional arousal while the left amygdala mastidguish the arousal signaled by a
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specific stimulus (Glascher, & Adolphs, 2003). Tidiea is line with a theory presented
in Chapter 1 that the right amygdala is respondinstimulus detection while the left
amygdala is more involved in sustained stimulusuateon.

The most recent study of affective priming in apemnal lobectomy population
was completed by Coppens et al. (2007). In thidysparticipants viewed a positive or
negative prime (e.g., a kitten, or a picture oeaplosion) and then were asked to
identify the valence of a target as quickly as pmesA priming effect (faster response
times when the prime valence matched the targenea) was found in both the control
group and the temporal lobectomy group. Furthedifferences were found between
these two groups or between the left and righbtegroups. However, the methodology
of this study varied from that of previous studiésr example, primes were presented for
250 msec, which is above the threshold for subagtinewing. Also, primes were
presented centrally so the abilities of the inteanisphere could not directly be

compared to the abilities of the lesioned hemispher
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Chapter 3 - Summary and Hypotheses

Taken together, the literature reviewed shows cdlimgesvidence for a dual-
route model of affective processing in humans. iBtes/work has shown that a
subcortical route involving the pulvinar, supematliculi, and amygdalae may work in
tandem with a cortical route that involves the pefal cortices. However, there is
evidence that the subcortical route provides ackjand dirty” assessment of valence
that can operate at suboptimal viewing speeds, eglsethe cortical route provides more
complex processing but cannot react as quicklyyastibcortical route. Looking at
affective processing in temporal lobectomy patiemdergoing temporal lobectomy
provides a unique opportunity to examine this systethout the anterior portion of the
temporal lobe. This means that the amygdala anmdwuding areas are removed, which
would theoretically disrupt the subcortical roufeemotional processing if a dual route of
processing exists. Previous studies of temporadtmmy patients have shown
physiological responses following suboptimally greted affective stimuli are dependant
on having an intact amygdala in this group, buéaesh has yet to show if an intact
anterior temporal lobe is necessary for affectiummg to occur. Further, whether the
left or right side is responsible for this effectwehether both amygdalae subserve the
same function is still not clear.

The aim of the current study is to take the nesp & this line of research and
examine the role of the left and right amygdala anigrior temporal lobe in an
emotional priming task involving an evaluative joggnt. A paradigm of affective

priming was used in which an emotional face (eithegspy or angry) was presented for
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4ms (suboptimal presentation) and then followea Ioygutral target (Chinese ideograph).
Primes were projected to either the left or rigktal field and participants will be asked
to rate on a Likert scale how much they liked ai@ly-located target that follows. By
presenting stimuli at a suboptimal speed for canscprocessing and directing them to
one hemi-field at a time it will allow us to looktavo things: 1) the role of the left vs. the
right anterior temporal lobe, and 2) if evaluaiwdgments can be influenced by
suboptimally presented affective primes in the absef the ipsilateral amygdala.

If this processing can occur with the subcortroaite disrupted it would mean
that other structures (possibly higher corticalcinres) can serve this function.
However, if a priming effect is only seen when poted to the intact anterior temporal
lobe then a dual-pathway model of affective proicgswould be supported. Given
strong evidence in the human and animal literatusehypothesized that the latter will
occur. The second issue is whether a differendebeiseen in the right temporal
lobectomy group and the left temporal lobectomygrd/NVhile there is some evidence
that the right amygdala is a stimulus detectortaedeft is involved in more sustained
stimulus assessment, this difference has yet fol& in a population with only a right
or only a left anterior temporal lobe. Admittedllge research is sparse in this area. The
current study could serve to further clarify latgyadifferences in this structure. In
summary, the following two hypotheses will be tedste

1. A finding that priming is seen for both an irtteight or left anterior temporal

lobe would provide evidence that both regions aamycout this process.
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2. A finding that priming is only seen with an iataight anterior temporal lobe
would provide support for the relevance detecteptij.

3. A finding that only positive primes influenceopessing in the left anterior
temporal lobe and only negative primes influenemijorg in the right anterior temporal
lobe would provide evidence that the left and rigétispheres carry out different roles

in affective processing.
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Chapter 4 - Experiments

4.1 - Norming of Neutral Stimuli

Chinese ideographs were rated for valence to erisatetimuli included in the
experiment were judged to be emotionally neutral.
Method
Participants

Thirty-six undergraduate students (ages 18-23e@fles) at the University of
Texas at Austin participated in this experimenpantial fulfillment of the research
requirement of their Introduction to Psychology ismu Participants did not have
knowledge of the Chinese language.
Materials and Apparatus

Four hundred Chinese ideographs were presenteaticipants on Macintosh
desktop computers, using Superlab software by Gedru
Procedure

Participants were told that the experiment deéh wredicting, based on their
first impression, whether Chinese ideographs hgveséive or negative meaning in that
language based on visual characteristics aloney Wieee presented with a series of four-
hundred Chinese ideographs which they were askeatd¢amn a 7-point Likert scale,
where 1 indicated a strong negative meaning, £atdd a neutral meaning, and 7
indicated a strong positive meaning. ldeographeweesented for 2000 msec or until
the participant made a rating. If the participadtiibt make a rating after 2000msec, a

prompt appeared on the screen asking them to dstisouli were presented in 2 blocks,
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each lasting approximately 7 minutes, with a 5 rrerareak in between blocks. Stimuli
were presented in a randomized order for eachggaatt to control for order effects.
Results

Three-hundred and ninety of the 400 ideographsddsad average valence
ratings between 3 and 5 (the range judged as heupréori). The two hundred and forty
ideographs judged as most emotionally neutral wese selected (average rating= 3.996

+ .22, See Appendix A).

4.2 - Experiment 1

The goal of this study was to replicate the fimgdimf Murphy & Zajonc (1993) in
a normative sample. Chinese ideographs were prddsda happy face, an angry face,
or a control image presented centrally.
Method
Participants

Fifty-one undergraduate students (ages 18-23)gnaaited in this experiment in
partial fulfillment of the research requirementiogir Introduction to Psychology course.
Individuals with knowledge of the Chinese languagge excluded.
Materials and Apparatus

Affective primes were comprised of 20 black andtelmhotographs of 10
different faces (5 male, 5 female; See AppendixaBgn from the Ekman and Friesen
Pictures of Facial Affect (1976). Ten photograplsplhyed happy expressions, while ten

photographs displayed angry expressions. Neutiralggrand masks were created by
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randomly rearranging the pixels of one of the affecfaces (see Appendix B). Priming
stimuli were presented 2° from foveal center andsueed 320 x 480 pixels. Participants
sat approximately 55 cm from the computer screen.

Two hundred and forty Chinese ideographs previotathd as affectively neutral
were used as novel stimuli. Stimuli were preseoted Dell Latitude Laptop computer,
using Matlab software by the Math Works.

Procedure

Participants were told to rate how much they likadh Chinese Ideograph based
on their “gut reaction” on a 7-point Likert scalehere 1 indicated strongly disliking the
stimuli, 4 indicated neither liking or dislikingehstimuli, and 7 indicated strongly liking
the stimuli. Participants initiated each trial wétbutton push and a cross-hair was
presented two inches below the top of the screarteced horizontally for 2000ms to
ensure participants were focusing their gaze irhtireontal center of the screen.
Affective primes were displayed for 4ms centralbflowed by backward masking
(10ms). A centrally displayed Chinese Ideograplofeed immediately after for 2000ms.
If the participant did not make a rating within 20@sec, a prompt appeared on the screen
asking them to do so.

A total of two-hundred and forty ideographs wetiéaed in 4 blocks. Eighty
were preceded by positive faces, eighty were pestég negative faces, and eighty
controls were preceded by neutral primes. An edisaibution was used in each block,
and all stimuli were randomized. After the tasks\iiaished, participants completed the

Positive and Negative Affect Scale (PANAS) to asghsir current mood. They were

26



then asked if they saw any faces during the expgrinm order to determine if they were
consciously aware of the primes. Participants wietwiefed regarding the true purpose
of the study and all participants chose to continwelvement.
Results
Effect of prime

Ideographs preceded by a happy prime had an aveas#igg of 4.10 .09, those
preceded by an angry prime had an average ratiB@8f+.11, and those preceded by a

control prime had an average rating of 4.04 +.0&e(Bigure 1).

4.2

3.9 +

Average Rating

3.8

3.7 +

3.6 A

Happy Angry Neutral

Prime

Figure 1. Average affective rating for centrallgpented primes.

A repeated measures ANOVA for prime type was sigaift, F(2,100)=5.98,

p=.003,n*=.11 (observed power = .77). We performed thréevse comparisons and

27



corrected for multiple comparisons by dividing apl05) by three. Therefore, for these
analyses the significance threshold for each pagwomparison was .017. Using these
criteria there were significant differences inmgs following happy vs. angry primes,
t(50)=2.70, p=.010, and following neutral vs. angrimes, t(50)=3.03, p=.004. There
was no difference in ratings following happy vsutnal primes, t(50)=1.00, p=.32. Thus,
ideographs preceded by happy primes were rateidg@mficantly more liked than those
preceded by angry primes. However, happy primes wet rated significantly higher

than neutral primes.

Effect of Mood

Average positive mood score on the PANAS was 3184ahd average negative
mood score was 16.6x5.9. A repeated measures ANC@N#g positive mood score
and negative mood score on the PANAS as covarilidiesot show a significant effect of
negative mood score F(2,47)=.03, p=87001, but showed a marginally significant
interaction between positive mood score and val&itet8)=3.95 p=.053;>.08.

Given the interaction between valence and positived score, a median split
analysis was conducted where participants wereledvinto two groups: high positive
mood scoreX33), and low positive mood score (<33). Table Ivahmatings by prime
type in the high and low positive mood groups. peated measures ANOVA for prime
type was conducted using mood group as a betwdyectsi variable and a marginally
significant interaction between prime valence ambdgroup was found, F(2,100)=2.42,

p=.09,n°=.05. Pairwise comparisons examining primes oftmae valence across
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groups demonstrated no difference in ratings afgdaphs preceded by angry primes
(t(49)=.05, p=.96) or neutral primes (t(49)=-.36,7l), but a trend towards a difference

in ratings for ideographs preceded by happy prit@#3=-1.44, p=.16.

Positive Mood Group
Prime Type High (Ave. £ SE) Low (Ave. + SE)
Happy 4.23 +£.09 3.97+.09
Angry 3.88+.10 3.89+.10
Neutral 4.07+.09 4.01+.09

Table 1. Average ratings by mood group.

Repeated measures ANOVAs for prime type were cdedumn both the high and
low positive mood group. Participants in the lovsitige mood score group did not rate
stimuli with affective primes differently F(2,25):26 p=.291°.05. However, there was a
significant effect of prime type in the high moambee group F(2,24)=3.01 p=.00%#,20.
Again, to correct for multiple comparisons, theustipd pairwise error rate used for alpha
was .017. In the high positive mood group, theresveggnificant differences in ratings
following happy vs. angry primes, t(24)=2.78, pA@&nhd marginally significant
differences following neutral vs. angry primes422.41, p=.02. A trend towards an
effect of happy vs. neutral primes was found t(24J4, p=.095. Figure 2 displays the
difference in ratings for each prime type by moooug and illustrates how ratings of

happy primes drive the interaction between thesabies.
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Experiment 1 - Effect of Positive Mood Score

4.4

M Low Positive Mood

W High Positive Mood

Rating

Neutral

Angry

Happy
Prime

Figure 2. Average affective rating for primes irupg adults reporting high and low
positive mood.

Discussion
This experiment replicates the findings of Murphy&jonc (1993) using central

presentation of affective primes. Additionallysitows that only participants self-
reporting high positive mood show the priming effd@te difference in ratings across

groups is driven by increased liking ratings ofageaphs preceded by happy primes.
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4.3 - Experiment 2

In this study affective primes were presentedhaleft or right visual field and
participants were asked to rate centrally prese@tddese Ideographs.
Method
Participants

Fifty-one undergraduate students (ages 18-23)gnaaited in this experiment in
partial fulfillment of the research requirementiogir Introduction to Psychology course.
Individuals with knowledge of the Chinese languagge excluded.

Materials and Apparatus

Affective primes were comprised of 20 black andtelmhotographs of 10
different faces (5 male, 5 female) taken from tkenBn and Friesen Pictures of Facial
Affect (1976). Ten photographs displayed happy esgions, while ten photographs
displayed angry expressions. Neutral primes andksnasre created by randomly
rearranging the pixels of one of the affective fa(se=e Appendix B).

Two hundred and forty Chinese ideographs previotathd as affectively neutral
were used as novel stimuli. Stimuli were preseoted Dell Latitude Laptop computer,
using Matlab software by the Math Works.

Procedure

Participants were told to rate how much they likadh Chinese Ideograph based
on their “gut reaction” on a 7-point Likert scalehere 1 indicated strongly disliking the
stimuli, 4 indicated neither liking or dislikingehstimuli, and 7 indicated strongly liking

the stimuli. Participants initiated each trial wétbutton push and a cross-hair was
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presented two inches below the top of the screamteced horizontally for 2000ms to
ensure participants were focusing their gaze irhtireontal center of the screen.
Affective primes were displayed for 4ms in eithee tight or left hemifield, followed by
backward masking (10ms). A centrally displayed €benldeograph followed
immediately after for 2000ms. If the participand diot make a rating after 2000msec, a
prompt appeared on the screen asking them to do so.

A total of two-hundred and forty ideographs wetiéaed in 4 blocks. Ten were
preceded by positive faces on the right, ten wezequled by negative faces on the right,
and ten were preceded by neutral primes on thé figie same distribution was used on
the left. The six conditions were randomized andiggpants completed four blocks.
After the task was finished, participants compldteziPositive and Negative Affect
Scale (PANAS) to assess their current mood. Theg Wen asked if they saw any faces
during the experiment in order to determine if tinagre consciously aware of the primes.
Participants were debriefed regarding the true gaef the study and all participants
chose to continue involvement.

Results
Effect of prime and side of presentation

Average ratings for each prime type are shownabld 2 below.
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Hemifield of Presentation
Prime Type Left (Ave. + SE) Right (Ave. = SE)
Happy 4.03 £.10 4,28+.11
Angry 4.06+.10 4.11+.10
Neutral 4.18+.10 4.09+.09

Table 2. Average ratings by prime type and sidere$entation.

A 2(hemifield of presentation) x 3(prime type) rafed measures ANOVA did
not show a main effect of hemifield of presentaiig(2,100)=1.49, p=.23)>=.03 ) or
prime type (F(2,100)=1.39, p=.2%=.03). However, there was a significant interaction
between hemifield of presentation and prime tyi§2,100)=10.48, p<.004°=.17
(observed power = .99). To examine the origin o dffect and correct for multiple
comparisons an adjusted alpha of .017 was usedifi8ant differences in liking ratings
were found following happy vs. angry primes in tight hemifield, t(50)=3.34, p=.002.
There was no difference in ratings following hapgyangry primes in the left hemifield,
t(50)=-.54, p=.59. Thus, ideographs preceded Ippharimes were rated as
significantly higher than those preceded by angiyes, only when presented in the
right hemifield. Also, Chinese ideographs preceogtiappy primes were given higher
liking ratings when presented in the right hemdighan when presented in the left

hemifield t(50)=2.9, p=.01.
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Effect of mood

Average positive mood score on the PANAS was ZB#£4and average negative
mood score was 15.5+4.6. A repeated measures ANC@W#g positive mood score
and negative mood score on the PANAS as covariidiesot show a significant
interaction between hemifield of presentation, gritype, and positive mood score
F(1,48)=1.65, p=.2(0>.07, but showed a marginally significant interactizetween
hemifield of presentation, prime type, and negatnaod score F(1,48)=2.79 p=.07,
n’>.11. No other main effects or interactions readigdificance in the ANCOVA. Given
this trend towards a significant interaction, a rmadplit analysis was conducted where
participants were divided into two groups: high aage mood score (>14), and low
negative mood scorel4). Repeated measures 2(hemifield of presentati@prime
type) ANOVAs were conducted on each group. Therg avsignificant interaction
between hemifield of presentation and prime typleath the high negative mood group,
F(2,26)=6.93 p=.004.36, and the low negative mood group, F(2,23)=$9D3,
n>.15. In both groups, ideographs preceded by pesitiimes were rated significantly
higher than ideographs preceded by negative pransin the right hemifield (high
negative mood: t(26)=2.57 p=.02, low negative mafzB)=2.22 p.04). Figure 3 displays

average ratings for each group.
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Figure 3: Average ratings by side and prime typghéhigh and low negative mood

groups.

Examination of habituation effects

Imaging studies have shown faster habituation totemal stimuli in the right

amygdala than in the left amygdala (Irwin et a8998; Fischer et al., 2000). If habituation

is occurring in the right hemisphere, we might et a priming effect in the left

hemifield over the course of the experiment. T¢ tieis, priming in the first 60 (out of

240) trials in this group was examined using a 2ifield of presentation) x 3(prime

type) repeated measures ANOVA. At this point inglkperiment each prime had only

been presented once on each side of the screere Whs not a main effect of hemifield

of presentation (F(1,100)=.08, p=.78=.002 ) or prime type (F(1,100)=.63, p=.54,
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n’=.01). However, there was a significant interactietween hemifield of presentation
and prime type, F(2,100)=3.29, p=.045.06 (observed power = .61). Planned pairwise
comparisons (using an adjusted alpha of .017) st@mgmificant differences in ratings
following happy vs. angry primes in the right heield, t(50)=3.23, p=.002There was

no difference in ratings following happy vs. angrimes in the left hemifield, t(50)=-
.67, p=.51. Thus the same pattern of respondingfevasl after 60 trials and after 240

trials.

Discussion

In a sample of young adults, evaluative judgmehtseatral stimuli were only
influenced by affective primes presented in thatrliemispace. Habituation to primes
was examined, but was not found to play a significale in this effect. An interaction
between prime type, hemifield of presentation, aegative mood score was found,
however, participants self-reporting both high &wl negative mood both showed a

priming effect.

4.4 - Experiment 3

One question that arose from the previous expeisngas why ideograph ratings
following neutral primes tended to be higher thaa midpoint of the scale (4). In this
study the effect of the neutral non-face primesiuseexperiments 1 and 2 in contrast to
neutral face primes was studied. This allowed k@naination of the effect that human

faces may have in affecting liking ratings whenytaee used as priming stimuli. In
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Experiment 3 ideographs were preceded by eithendhé&al primes used in the previous
two experiments or faces with a neutral expresgimm the Ekman and Friesen Pictures
of Facial Affect (1976).

Method

Participants

Thirty-three undergraduate students (ages 18-28pated in this experiment
in partial fulfillment of the research requiremetheir Introduction to Psychology
course. Individuals with knowledge of the Chinkseyuage were excluded.

Materials and Apparatus

Neutral primes from the previous two experiments &@m black and white
photographs of faces displaying neutral expressiere used. Neutral face primes were
taken from the Ekman and Friesen Pictures of Fadfakt (1976) and the same actors
used to portray happy and angry faces in the posvexperiments were used.

A total of two-hundred and forty ideographs wenéagd in 4 blocks. On half of
the trials participants rated primes following mautace stimuli, and on the other half
participants rated primes following neutral noneatimuli. As in Experiment 2, half of
the primes were presented in the left hemifieldl balf were presented in the right
hemifield. After the task was finished, participmobmpleted the Positive and Negative
Affect Scale (PANAS) to assess their current mddeoky were then asked if they saw
any faces during the experiment in order to deteenfithey were consciously aware of
the primes. Participants were debriefed regardiegrue purpose of the study and all

participants chose to continue involvement.
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Results

Table 3 presents the average ratings of the ridat and non-face primes.

Hemifield of Presentation
Prime Type Left (Ave. + SE) Right (Ave. = SE)
Neutral Face 3.86 +.15 3.86+.16
Neutral Non-Face 3.82+.17 3.85%.16

Table 3. Neutral face and non-face stimuli: Avereggengs by prime type and side of

presentation.

A 2 (prime type) x 2 (hemifield) repeated measiBOVA did not show a
significant effect of hemifield of presentation (LF32)=.20 p=.66° .01), prime type (
F(1, 32)=.49 p=.49> .02), or interaction between these variables ( 2)=.35 p=.56)>
.01).

Average positive mood score on the PANAS was 326}#hd average negative
mood score was 15.615.5. A repeated measures ANC@W#g positive mood score
and negative mood score on the PANAS as covaritidiesot show a significant
interaction between hemifield of presentation, gritype, and positive mood score
F(1,32)=2.54, p=.12,2.08, or hemifield of presentation, prime type, aegative mood

score F(1,32)=1.94 p=.172.06.
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Discussion

No differences in liking ratings between stimulepeded by neutral face primes
and the same neutral non-face primes used in erpets 1 and 2 were found. This
suggests that the presence of affective primdsariitst two experiments may have

affected ratings of the neutral non-face primes.

45 - Experiment 4

A procedure identical to study 2 was used in a fadjmun of individuals with
epilepsy in order to examine whether priming wdsaéd by anti-epileptic medications

(which may reduce processing speed) and tempdralpathology.

Method
Participants

One hundred and one individuals being treate@pidepsy at Austin
Neuropsychology, PLLC and/or Seton Brain & Spingtitnte were identified. Patients
were called between May, 2011 and April, 2012 &eas interest in participating in the
study. For those individuals that could not be heakcinitially, a minimum of 3 attempts
were made to contact them. For those individuaisout voicemail, a minimum of 6
attempts were made to contact them on varying daiee week/times. Table 4 details

recruitment attem pts.
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Number of Patients
Study completers - non-surgical 21
Study completers - post temporal lobectomy 12
At least 3 attempts to contact with no response 36
Declined participation 15
No current phone number available/disconnected @homber 15
Patient not fluent in English 2

Table 4. Recruitment attempts

Twenty-one patients with epilepsy who had not hiednbsurgery but were taking
anticonvulsants to control seizure activity (averagmber of medications 2.6+1.4)
participated in the experiment (11 males, 19 riggntded, average age 44.8+£11.9 years).
The average age of seizure onset was 23.0£18.4 gadraverage years of education was
15.3+2.8. Regarding seizure focus, 10 individuwadse found to have a left focus, three
demonstrated bilateral findings, eight did not htoaal findings, and none had
exclusively right hemisphere involvement. Partioisawere instructed that they could
not participate in the experiment if they used htar other recreational drugs within 24
hours. None of the participants had prior knowledfjgne Chinese language. Presence of
mood disorder was recorded post hoc and was defisddving a diagnosis of
Depressive Disorder or Bipolar Disorder, significapmptoms of depression (T score
greater than 65) on the Minnesota Multiphasic Rebty Inventory-Il (MMPI-2) at
prior neuropsychological testing, or current usamfnti-depressant medication. Records
were available for 15 participants and 2 met tlogeahentioned criteria for presence of a

mood disorder.

40



Procedure

A procedure identical to experiment 2 was usedvéier, due to a computer
programming error mood ratings on the PANAS wellg oecorded for ten of the
participants.
Results
Effect of prime

Average ratings for each prime type are shownahbld 5 below.

Hemifield of Presentation
Prime Type Left (Ave. + SE) Right (Ave. = SE)
Happy 4.12 +.10 4,19+.11
Angry 4.36+.10 4.39+.10
Neutral 4.35+.10 4.20£.09

Table 5. Non-surgical epilepsy patients: Averagmga by prime type and side of

presentation.

A 2(hemifield of presentation) x 3(prime type) rafe measures ANOVA did
not show a main effect of hemifield of presentatie(i,40)=.06, p=.811°=.003, or an
interaction between hemifield of presentation andhe type, F(2,40)=1.91, p=.16,
n*=.09. However, there was a significant effect afnertype, F(2,40)=6.87, p=.003,
n’=.26, observed power = .90. Overall, ideographseaated by angry primes were rated
higher than those preceded by happy primes (p=.008yever, ideographs preceded by

neutral primes were not rated higher than thoseeoied by happy primes (p=.04).
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Effect of Mood

Average positive mood score on the PANAS was 328l#hd average negative
mood score was 15.9146.1. A repeated measures ANC@W#g positive mood score
and negative mood score on the PANAS as covariidiesot show a significant
interaction between hemifield of presentation, gritype, and positive mood score
F(1,9)=.42, p=.66)>.06, or hemifield of presentation, prime type, aegative mood

score F(1,9)=1.34 p=.29:.16.

Effect of other covariates

A repeated measures ANCOVA using gender, numbantonvulsant
medications, seizure focus location, and preseho®od disorder as covariates was
used to examine the role of these factors on pgmiiere was not a significant
interaction between hemifield of presentation, gritype, and seizure focus location
F(2,20)=.23, p=.807°.02, hemifield of presentation, prime type, anddgar(1,20)=.05,
p=.95,n%.01, or hemifield of presentation, prime type, angisence of mood disorder,
F(1,20)=.31 p=.747°.03.

However, there was a significant interaction bemveemifield of presentation,
prime type, and number of medications, F(2,20)=7p33004,n°.42. A median split
analysis was conducted where participants wereledvinto two groups: 1 or 2
anticonvulsant medications, 3 to 6 anticonvulsaatlications. Repeated measures
ANOVAs for prime type were conducted on each grdumain effect for valence was

found in the group taking fewer medications (F@) % 3.91, p=.045;.=.36), where
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ideographs preceded by angry primes were rated mgiéy than ideographs preceded
by happy faces p=.01. In the group taking more oeains there was a significant
interaction between hemifield of presentation aalknce (F(2, 14) = 4.46, p=.04,
n’.=.47), where ideographs preceded by angry or algpitimes in the left hemispace
were rated more highly than ideographs preceddthppy primes (1(5)=3.33, p=.02 and
t(5)=3.83 p=.01, respectively). The average ratimgprime type and hemifield for both

groups are presented in Figure 4.

B 1-2 medications

Average Rating
~
=
|

B 3-6 medications

Left Right Left Right Left Right
Happy Happy Angry Angry Neutral Neutral

Prime Type and Side of Presentation

Figure 4: Average ratings by prime type and sidpresentation in patients taking 1 to 2

anticonvulsant medications and those taking 3rtefications
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Discussion

In a sample of patients with epilepsy, ideograplee@ded by angry primes were
rated as significantly more liked than ideograptecpded by happy primes. This effect
was not influenced by side of presentation (aséyoung adult sample), seizure focus
location, gender, or presence of a mood disordewe+er, patients taking more
medications were found to only show the above meaetl priming effect in the left

hemispace.

4.6 - Experiment 5

A procedure identical to experiment 2 and 4 wasl uise population of
individuals with epilepsy who underwent unilateiehporal lobectomy for
pharmacologically refractory complex partial seeaurin this procedure, not only is the
seizure focus (typically the hippocampus) removed the amygdala and the temporal
tip (anterior temporal cortex) are removed as Wiéierefore, in this population we can
see how emotions are processed in the absence @noygdala. Participants at least
three months post-surgery were permitted to pasditei.

Method
Participants

Twelve patients with epilepsy who underwent a uerk temporal lobectomy
participated (9 right temporal lobectomy, 3 lefntgoral lobectomy). Recruitment is
detailed in Experiment 4. Post-surgical brain imggiICT/MRI) was reviewed in order to

qguantify extend of the resection. Nine patient$ t@mplete removal of the amygdala,
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one had partial removal of the amygdala, and intadata was unavailable for two
patients. Complete removal of the hippocampus wan g1 seven patients. Resections
extended on average 42.5 = 9.9 mm from the tempipraiesially (range: 27.8-61.5
mm) and 47.9 £ 8.4 mm from the temporal tip latgrabnge: 32.0 — 57.0 mm).
Participants included 4 females and 8 males aveaggel5.8+ 13.7 years old. All
participants were taking anticonvulsant medicatioBeven subjects were left
hemisphere dominant for language and one right $gmere dominant confirmed by
preoperative Wada testing. Patients completeiteehsler Adult Intelligence Scale llI,
Wechsler Adult Intelligence Scale IV, or the Weenghbbreviated Scale of Intelligence
and the average full scale 1Q was 105+17, averadgeaVindex was 104+14, and average
performance/perceptual reasoning index was 105Hi&y were instructed that if they
used alcohol or other recreational drugs withirh@drs of the experiment they could not
participate. None of the participants had priorkiealge of the Chinese language.
Method

A procedure identical to experiment 2 was usedvéi@r, due to a programming
error mood ratings on the PANAS were not savedHerfirst seven participants.
Results

Due to the small sample size in the left tempabéttomy group, the surgical
samples were analyzed separately to more cleadmere the effect of right temporal
lobectomy surgery.
Right temporal lobectomy patients

Average ratings for each prime type are shownahbld 6 below.
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Hemifield of Presentation
Prime Type Left (Ave. + SE) Right (Ave. = SE)
Happy 4.40 +.10 4.40+.11
Angry 4.43+.10 4.49+.10
Neutral 4.45+.10 4.26%.09

Table 6. Right temporal lobectomy epilepsy patieAtgerage ratings by prime type and

side of presentation.

A 2(hemifield of presentation) x 3(prime type) rafed measures ANOVA did
not show a main effect of hemifield of presentaiib(i,16)=.89, p=.3%°=.10) or prime
type (F(1,16)=1.40, p=.28/=.15), or an interaction between hemifield of préaton
and prime type (F(1,16)=1.98, p=.47=.20). An ANCOVA using gender, presence of a
mood disorder, and number of anticonvulsant meidicatas covariates did not show a
significant interaction between hemifield of presion, valence, and gender,
F(1,7)=.47, p=.64y°=.11, hemifield of presentation, valence, and presef mood
disorder, F(1,7)=.03, p=.9%;=.004, or a hemifield of presentation, valence, amehber

of anticonvulsant medications, F(2,10)=.32, p=ry#,06.

L eft temporal lobectomy patients

Average ratings for each prime type are shownahbld 7 below.
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Hemifield of Presentation
Prime Type Left (Ave. + SE) Right (Ave. = SE)
Happy 4.00 +£.10 4.30+.11
Angry 4.15+.10 4.21+.10
Neutral 4.32+.10 4.29+.09

Table 7. Left temporal lobectomy epilepsy patieAtgerage ratings by prime type and

side of presentation.

A 2(hemifield of presentation) x 3(prime type) rafed measures ANOVA did
not show a main effect of hemifield of presentaiib(i,4)=1.11, p=.40°=.36) or prime
type (F(1,4)=3.06, p=.16,’=.61), or an interaction between hemifield of preation
and prime type (F(1,4)=.47, p=.66=.19). Covariates were not examined due to the

small sample size.

Discussion
In a sample of patients who have undergone a teahjmibectomy, no effect of
priming was seen. Gender, presence of a mood dsadd number of anticonvulsant

medications were also not shown to moderate a pgreffect.

4.7 - General Discussion

Young Adult Sample
Overall, a priming effect was found in the youngilhdample where ideographs

preceded by suboptimally presented happy primes gigen significantly higher liking
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ratings than ideographs preceded by angry primesepted centrally. This represents a
replication of the results found by Murphy & Zajofi®93). Interestingly, in our sample
this priming effect was also influenced by moodlydn the participants with self-
reported high positive mood was there a signifigaimhing effect. In particular, ratings
of ideographs preceded by angry and neutral profitesot differ among the high and
low positive mood groups. Instead ideographs pregdéy happy primes showed a trend
towards being rated as liked more by participamthie high positive mood group. This is
a novel finding and suggests that baseline positiwed appears to have a significant
impact on the potency of positive primes.

Following this study, hemifield presentation ofrpas was introduced and a
significant effect of side of prime presentationsaund. When primes appeared in the
right hemispace the aforementioned priming effea$ ¥ound, however, when primes
appeared in the left hemispace, this was not foliveas not predicted that an effect of
side of presentation would be seen in a populatitim intact amygdalae. Given the brief
nature of the prime presentation (4 ms) and baakweasking of primes it is possible
that one hemisphere primarily processed stimubgméed in the contralateral hemispace.
If this is the case, these results do not suppertélevance detector hypothesis at first
glance. If the right hemisphere was responsibletionulus detection we would expect to
see priming in the left hemispace. However, thiy & complicated by habituation
effects. Imaging studies have shown faster halian@d emotional stimuli in the right
amygdala (Irwin et al., 1996, Fisher et al., 20aMerefore if habituation is occurring in

the right hemisphere (left hemispace) over the smof the experiment, this effect may
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diminish over many trials. To test this, primingtive first 60 (out of 240) trials in this
group was examined. Here the same pattern of resppmwas found; participants
consistently rated ideographs preceded by happyasrhigher than those preceded by
angry primes only on the right side. Therefore nesentrolling for possible habituation
effects the relevance detector hypothesis is np@ted by our findings.

These results may however lend support to the yhtbat the left and right
hemispheres play differing roles in affective prsgiag. It seems that the priming effect
was primarily driven by higher ratings of ideogragiteceded by happy primes (rather
than lower ratings of ideographs preceded by apgmges), which points towards greater
responsiveness to positive stimuli presented tdetidremisphere. Studies examining
mood after temporal lobectomy have found that p&igiith an intact left amygdala tend
to report greater increases in global happinestevpaitients with an intact right
amygdala tend to report increases in depressiveteyns (Burton & Labar, 1999). This
suggests that the left amygdala is more involvgagratessing positive emotions.
Alternatively, Glascher and Adolphs (2003) condddestudy that found that the right
amygdala may be involved in providing an overalkleof emotional arousal, while the
left may distinguish the valence of the arousalit®eay not be that the left or right
amygdalae are responsible for responding to p&ati@motional input; they may just
serve different functions.

One question that arose from the previous expemsngas why ideograph ratings
following neutral primes tended to be higher tham iidpoint of the scale (4). The

effect of the neutral non-face primes in contrasteéutral face primes was studied. This
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also allowed for examination of the effect that laumnfiaces may have in affecting liking
ratings when they are used as priming stimulihenabsence of emotionally-valenced
primes there were no differences found across ssrtype or hemifield of presentation
and mood was not a predictor of liking ratingsfdat, ratings for all stimuli were lower
than the midpoint of the scale, whereas ratingherprevious two experiments were
above the midpoint of the scale. This suggeststkiggpresence of emotionally-valenced
stimuli increases arousal. Therefore, there mayg t&ry-over effect when neutral primes

are presented in close temporal proximity to afecprimes.

Epilepsy Patients- Non-Surgical

In the non-surgical epilepsy population there wagféect of suboptimally
presented primes, however, it was not in the doagiredicted and hemisphere of
presentation was not found to moderate the effiethis population, ideographs
preceded by angry primes were given higher liketgngs on average than ideographs
preceded by happy primes. This effect was not ptediby gender, current mood,
presence of a mood disorder, or location of seifmzes. When number of medications
was taken into account, patients taking one oramteconvulsant medications showed the
above described effect, however, patients takingr@ore medications were found to
rate ideographs preceded by angry primes highertti@se preceded by happy primes
preferentially in the left hemispace. This may netessarily reflect an effect of
medication, but may instead be more tied to thetfat patients taking more

medications have seizures that are less contreliaindl therefore typically display greater
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neurological pathology and greater cognitive impaint. If this is the case, then these
results suggest that more pathology in the leftisphere may disrupt priming in the
right hemispace. Hence in the group taking moreica¢idns and displaying greater left
hemisphere (or bilateral) disruption, primes mdgafbehavior more when presented to
the right hemisphere (left hemispace).

Overall, the findings in this population show tkaboptimally presented primes
are affecting evaluative judgments but not as waltvexpect. It is further puzzling that
the factors used as covariates did not predicetkffects. For example, it was postulated
that since anticonvulsant medications sometimes dlmwvn processing speed primes
may need to be presented for a longer duratiohignpopulation to influence evaluative
judgments. This does not seem to be the case.iffaeedce found in ratings based on
prime type had a large effect size, suggestingghates are in fact having an impact on
behavior.

Also, in this population both current mood and pree of a mood disorder did
not predict priming. This may be explained by aptedimitations of the study though.
First, current mood data was only collected fromrten-surgical participants. Having
this information for a greater number of particifsamight elucidate the relationship
between mood and priming in this sample. Also bseguresence of a mood disorder was
examined retrospectively, multiple indicators wesed (e.g., past diagnosis of Major
Depressive Disorder, elevation on the depressiale sf the MMPI-2) and current data
was not accessible for all participants. For examipla participant showed an elevation

in depression symptoms on the MMPI-2 they couldelasen tested the week before
51



participating in the current experiment or two yebefore. Also, treating mood as a
categorical variable rather than a continuous oaskedly reduces power and may have
made it more difficult to detect an effect if onaspresent.

Recent studies suggest that mood disorders signtficaffect priming. Dai &
Feng (2011) demonstrated, using a priming paradilgat,individuals with depression
show dysfunctional distracter inhibition and faeaition for negative stimuli. In a study
examining gaze behavior and subsequent memoryfemtie faces, stably dysphoric
individuals showed greater breadth of attentional$ and greater recognition of angry
faces than nondysphoric individuals (Wells, BeevR@binson, Ellis, 2010). In other
words, individuals with depressive symptoms payeraitention to negative stimuli.
Symptoms of depression are present in 40% - 60#tdofiduals with epilepsy
(Grabowska-Grzyb, Jedrzejcak, Naganska, & FisZ#5), and are associated with
reduced quality of life (Kanner, 2003; Boylan et @004). These individuals are also
five times more likely to commit suicide than caiér(Matthews & Barbaras, 1981). It
stands to reason that greater incidence of depressihis population may be associated
with greater attentional bias for negative stimOlne study also found that patients with
depression showed an attentional bias and ratedidphs primed by sad fadeigher
than ideographs primed with neutral faces, evesr afgnificant depressive symptom
remittance (Dannlowski et al., 2006). This laststis particularly relevant to the
current study because it demonstrates that presdracenood disorder has been shown to
correlate with higher ratings of negative stimdliveas found in this experiment. Reduced

inhibition for negative stimuli has been shown torelate with depression and anxiety
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self-report scores (Goeleven, De Raedt, Baert, &t&mo 2006). While mood was
measured in the current study, the questionnaed (the PANAS) does not adequately
assess depression and anxiety symptoms. Theréituss studies should collect current
measures of these symptoms using questionnairesasube Beck Depression Inventory
and the Beck Anxiety Inventory. Past research wsulghjest that scores on these

symptoms may moderate the priming effect.

Epilepsy Patients — Post Temporal Lobectomy

In both the patients who underwent a right templafagctomy and the patients
who underwent a left temporal lobectomy, affecpvienes were not shown to influence
evaluative judgments of neutral stimuli. Gendeespnce of a mood disorder, and
number of anticonvulsant medications were not folonehoderate any potential effect.
There are two possibilities: 1) Removal of eithe keft or right anterior temporal lobe
disrupts affective priming, or 2) There was noti#isient sample size to detect the
effect. With three participants in the left temgdodectomy group the latter is likely.

Given the findings in the young adult sample, idobe expected that patients
with an intact left amygdala (who underwent a riggmporal lobectomy) would show
priming in the right hemispace. However, this wasfound. Closer examination of
differences between the young adult and patientifadipn may offer insight. Although
the average age for the epilepsy sample was 46 péhivhereas the average age of the
undergraduate sample was 19 years old, previodgestexamining younger adults and

middle aged adults found that the priming effe¢tially increases with age (Hess,
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Waters, & Bolsted, 2000). So this variable is §kebt accounting for the disparity. An
alternative hypothesis is that, as explored imihve-surgical population, symptoms of
anxiety and depression moderate the priming effedtcannot be seen given the

inadequate measure of symptoms and small samgle siz

Limitations & Future Directions

As discussed previously, the small sample sizbeturgical epilepsy group
likely made it more difficult to detect an effedtmiming if one was present. In the non-
surgical group incomplete current mood data alsy n@e made it more difficult to
detect an effect of this variable if one was prés@nmerall, future studies should include
measures of current depression and anxiety sympimesamine whether these

symptoms are moderating the priming effect.

Another limitation of our sample was the lack ohrsurgical epilepsy patients
with an exclusively right seizure focus and the&latpatients post left temporal
lobectomy. Without these samples, we were unabéeléguately compare patients pre
and post surgery. Looking at changes across thres@g) or conducting a longitudinal
study comparing individuals pre and post tempaéttomy surgery would give greater
insight into the role of the left and right anteriemporal lobes. This might also inform
clinical practice in terms of providing more infoation about the effect of this surgery,

and how patients’ emotional cognition changes iEsalt.
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Conclusion

Overall, the findings of Murphy and Zajonc (1993re replicated and extended,
demonstrating that mood moderates affective primihgye specifically, this body of
work suggests that baseline positive mood hasrefisignt effect on the potency of
positive primes. A study utilizing neutral facermas also showed that it is not simply the
presence of human face primes that affects behaMnare is a unique effect of faces
displaying positive or negative emotion that inflaes evaluative judgments. In a sample
of patients with epilepsy who had temporal lobesidis or anterior temporal lobe
removal the effect of priming was not as clear-tuthe non-surgical sample patients
rated ideographs preceded by angry faces as nkekthan those preceded by neutral or
happy faces. It is unclear what is driving higregings of negative stimuli in the non-
surgical group, but high rates of depression inviddals with epilepsy and temporal
lobe dysfunction in this population may contribuketure studies exploring these
possibilities will offer insight into the roles die left and right amygdala as well as the

effect of mood on attentional bias and emotionahjng.
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