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Abstract

This thesis is an investigation of the proximagchanisms and ultimate functions
of memory for emotional events. The theoreticaidaf this Thesis is that in order to
reach a full understanding of a biological phenoomerit is important that both proximate
and ultimate (functional) explanations for that pdwenon are explored. Chapters 2 and 3
present an examination of the proximate mechaniswedved in memory consolidation of
emotional events. In Chapter 2, three experimargpresented each testing the
hypothesis that stress hormone activation immelgifdowing viewing an emotional
event enhances memory for that event. Each ahtiee experiments failed to find an
enhancing effect of stress hormone activation omarg consolidation. Chapter 3
describes an investigation into whether the reddéeedback from the body to the brain,
which occurs as a result of total spinal cord teatien, diminishes the intensity of
emotional experience and therefore impairs memorgmotional events. The results of
this investigation revealed no differences betwsgnal cord transection patients and
matched control participants in emotional expraggiemotional awareness and in
memory for emotional material. Chapters 4 andf@e® how memory and emotion may
interact differently for males and females and smmer that facilitates their survival and
reproduction. Evolutionary theory argues that maleould be more concerned than
females about threats to their social status, vasef@males should be more concerned
about threats to their physical appearance andasesputation. Chapter 4 describes two
experiments testing whether a) males have enhamwetonal arousal and memory for
words implying they are of low social status; hnédes have enhanced emotional arousal
and memory for words implying they are physicalhatiractive and sexually
untrustworthy. The results of these experimentsvgld that females had enhanced

memory for words relating to physical appearanod, zartial evidence that males have



enhanced memory for words relating to social statisapter 5 tests the evolutionary
theory that males should be more emotionally ardasel thus have greater memory for
cues relating to sexual infidelity (the thoughtlegir partner having sex with another man),
whereas females should be more emotionally aroaisddave greater memory for cues to
emotional infidelity (the thought of their partrferming a close emotional attachment
with another woman). It also examines whethetrticeiahip status affects emotional
arousal and memory for these cues. The resultsatifind any support for these
hypothesised sex difference in memory. Howeverselicurrently in a relationship’ did
show enhanced emotional arousal to cues to sexiigelity compared to those ‘currently
not in a relationship’. Chapter 6 presents anstigation concerning the evolutionary
hypothesis that individuals tend to have enhaneedgnition memory for the faces of
deceivers or ‘liars’. This chapter describes @gtn which participants viewed a series of
short video clips of individuals, half of whom weyeng, half telling the truth.

Participants’ memory for the individuals that apeekin the video clips was tested but
there was no evidence of enhanced memory for tesfaf ‘liars’. Chapter 7 provides a
general discussion of the findings of this theJike failure to find an enhancing effect of
post learning stress hormone activation on menmmrgiotional material, and the failure
to find an impairment in memory for emotional matkin people with total spinal cord
transection contradict two established views orptioimate mechanisms involved in
emotion, and emotions effect of the brain. Hovséhéndings relate to the established
mainstream views on emotion and memory are disdusgke findings of studies
concerning the functional interaction of memory anabtion presented in this thesis are

also discussed in relation to previous research.



Proximate mechanisms and ultimate functions of menrg for emotional events

Chapter1  General Introduction

The fundamental rationale of this thesis is thadriher to fully understand how and why
memory and emotion interact, it is important toastigate both the proximate mechanisms
and ultimate functions of memory for emotional egenThis chapter will review both
proximate mechanisms and ultimate functions of nrgrfar emotional events, and will
begin by discussing the evidence that indicatesatmtional events tend to be
remembered in more detail and generally with greateuracy than neutral events. The
mechanisms of emotional arousal, memory consotidaind memory consolidation of
emotional events will then be discussed. Particai@ntion will be paid to the role of
stress hormones in the memory consolidation of emakevents. The importance of
feedback from the body to the brain for emotiomaliaal and for memory consolidation of

emotional events will also be addressed.

It is becoming increasingly important in psycholdgynot only explain a biological (or
behavioural) phenomenon in terms of its proximagéelmanisms and its immediate
antecedent triggers or causes, but to also elecittafunctional or adaptive significance.
Why is a certain trait or behavioural mechanisnseng, and what adaptive function does
it serve? The second half of this chapter willdiy@sise how one might expect memory
and emotion to interact in an adaptive fashiora manner congruent with the selective
pressures humans have faced in our ancestral faste of the differing selective
pressures males and females have faced will bewed and based on these selective
pressures; predictions will be formed as to how omwmand emotion should interact to

solve these evolutionary ‘problems’.



1.1 Memory for emotional events

1.1.1 The evidence

Emotional events tend to me remembered with masidnvess and detail than events that
do not invoke emotional arousal. For example, =iy, Heuer, McLean & O’
Shaughnessy (1988) found that participants’ ematityratings for past events were
positively correlated with ratings of how vivid ®events were. This effect was found
irrespective of what type of emotion the past ewavibked; whether it was sadness, anger,
fear or joy. This relationship between vividnesd @motionality held true for both
personal and public events. Wolters & GoudsmiDg)Q@ested participants’ memory of
the September 1Mattacks, at 2 weeks and 2 months after the attacksplace.

Participants reported very vivid memories of thergvand also had a high confidence that
their memories of the effect were accurate. Addaily, Walker, Vogl & Thompson

(1997) found that participants’ ratings of emotioexents (both pleasant and unpleasant)
were a good indicator of whether they thought tbeyld or could not remember the event.
Other authors have also shown that strength ofiempbsitively correlates with memory
vividness for autobiographical memories of bothsaimatic and a positive nature
(Pillemer, Goldsmith, Panter & White 1988; Rubirk&zin 1984; Porter & Birt 2001). In
research looking at memory consolidation of emati@vents, over a longer time period,
Kraft (2004) showed how after fifty years, World WWhholocaust survivors still had

remarkably clear, vivid and powerful memories aditlexperiences.

Research therefore strongly indicates that memoffiesnotional events are remembered
particularly vividly, however, this does not neaady mean emotional events are

remembered with greater accuracy than events efrationally neutral nature. A



considerable amount of research on the field astibulb’ memories suggests that it
cannot be taken for granted that remembering arienadly arousing event vividly and in
great detail means that those details are in fatotedy accurate. The term ‘flashbulb
memories’ refers to the remarkable clear, detailed vivid memories people have of
emotional events in their live of a very importaature, and was first coined by Brown &
Kulik (1977). These authors used the term to desgeople’s remarkably vivid
memories regarding the assassination of John FéBn{Brown & Kulik 1977).

Vividness does not always translate into accurbotys & Burns (1982) found that
participants had reduced memory for an emotiorggwipresentation (involving a boy
getting shot in the face) in comparison to a matateutral version. An example of
vividness translating into accuracy is providedviylle & Cutshall (1986), who
interviewed thirteen individuals, four to five mastfollowing a real life violent crime
(involving a shooting and death) they had witnessBaey found the descriptions these
witnesses provided of the crime very accuratelyctred police and forensic evidence that
had been compiled on the crime. Other authors abeefound accuracy as well as great
detail in recall of ‘flashbulb memories’ (e.g. Coayvet al. 1994; McCloskey et al. 1988;
Winningham et al. 2000; Neisser 1996; Philippot 8nR 1998; Kensinger, Krendl &
Corkin 2006). Kensinger et al. (2006), for examptempared memory for the 2003
Superbow! with memory for the Columbia space sawtisaster that occurred around the
same time. Participants rated the shuttle disastéeing more emotionally arousing and
showed more accurate recall of the disaster (in ongmest 7 months later), suggesting

that emotion does indeed accurately enhance meafi@ny event.

Laboratory studies have often focused on testingEasterbrook hypothesis’ (Easterbrook
1959): the idea that emotion enhances memory f@vants centre (Reisberg & Heuer

2004). Easterbrook (1959) proposed that an emaitioparoused animal would focus its



attention on the centre of threatening stimuluhatexpense of the periphery. This
hypothesis predicts that emotional arousal willad® memory for details at an events
centre and impair memory for details at an eveatgppery. In support of the

‘Easterbrook hypothesis, Christianson & Loftus (Lp@®und enhanced memory for
central and impaired memory for peripheral detafilan emotional event compared to
memory performance of a neutral event. Howevémremntesearch has shown than
emotional arousal enhanced memory for both ceatrdlperipheral details of an arousing
event (Heuer & Reisberg 1990). However, as Regs&dreuer (2004) point out, these
confusions in the literature may be the resultifiédng criteria used to classify details as
central and peripheral. For example, Christiar&doftus (1990) defined central details
as details that were located spatially in a ceididtion, and peripheral details were
located spatially on the periphery or in the baokad. In contrast, Heuer & Reisberg
(1990) defined central details as any details ¢batd not be removed without altering the
plot or narrative of the story; and peripheral detas ones that could be removed from the
narrative without altering the fundamental plotig story. Heuer & Reisberg (1992) used
both these categorisations for central and pergiksatails when examining the memory
performance of participants for the ‘Doctor/Mecltasiide presentation. This
Doctor/Mechanic presentation was first developedibyer (1987). It involves 2 slides
presentations, both depicting a mother and hefesring their house to go and visit their
father at his work place. In the neutral versiom father is a mechanic and the viewer sees
the father repair a car engine; in the emotionedive the father is a surgeon and the
viewer sees the father perform an unpleasant fingiocedure. The authors found
emotion enhanced memory for spatially central teetaid impaired memory for spatially
peripheral details. They also found emotion enbdmoemory for details relevant to the
core plot of the story. Safer, Christianson, Ar®sterlund (1998) showed participants

a slide presentation of images depicting a staaywWas either emotionally neutral or



arousing in nature. In a subsequent memory taesticfpants remembered the emotionally
arousing images in the slide presentation as bem@ ‘zoomed in’ than the emotionally
neutral images. Two studies by Wessel & Merckeibgelded similar results (1997,
1998). In their first study the authors showedvirthials with a spider phobia, and control
participants, a jar containing a live spider. Asequent memory test revealed the phobic
participants had enhanced memory for central detéithe stimulus compared to controls.
In a second study the authors showed spider plpaitients and controls pictures of
spiders and again, a subsequent memory test reveallenced memory for spatially
central details of the stimuli for phobic partiaips compared with controls. As Reisberg
& Heuer (2004) surmise, the general consensuseititdnature is that emotional arousal
enhances memory for an events centre (both spyadiadl in terms of importance to
storyline), but seems to impair memory for perighewvents (both spatial and in terms of

relevance to storyline).

A similar idea to that of the Easterbrook hypothkeasithe theme of investigation
concerning ‘weapons focus’. This is the idea thetims of a crime that involves a
weapon tend to focus on the weapon rather the cotf@acteristics of the perpetrator of
the crime, for example the perpetrator’s face (eoftus, Loftus & Messo 1987; Stanny &
Johnson 2000). A meta-analysis of laboratory wadpous studies by Steblay (1992)
indicates that the weapons focus effect is greaen stress is high and the context most
resembles real life situations. However, moremestudies of real life crime indicate that
victims of a crime have greater memory for the pegior when a weapon is involved
(Tollestrup, Turtle & Yuille 1994; Cooper, Kennedyerve & Yuille 2002). For example,
in a study concerning female victims of sexual atg&ooper at al. 2002) found that those
attacked with a weapon had greater memory for Ideththe crime than those assaulted

without a weapon



Recent research looking at ‘thematically’ inducewb&ons (emotions induced via our
relationships with other people) rather than visuialduced emotions has failed to find
any difference in recall between central and peniphdetails. Laney, Heu& Reisberget
(2003) asked half their participants to view aesfdesentation with an accompanying
narrative describing an attempted date rape, vildeother half viewed a visually identical
presentation but with a narrative describing a araha woman happily on a date. The
slides themselves were unemotional; the arousaipmianion was contained only within
the emotional narrative. The memory test reveafdthnced memory for the arousing
narrative, with peripheral details also being rerberad with greater accuracy in the
arousing narrative. A second study by these autiorgoying a similar methodology
revealed participants showed enhanced memory fbrdentral and peripheral details of
the arousing narrative. Reisberg & Heuer (2004ictale on the basis of these findings
that emotiorper sedoes not lead to memory narrowing (i.e. enhancechony for central
details at the expense of peripheral details) &ilterr a ‘powerful attention grabbing
magnet’ that commands attention, thus drawing atteraway from other areas, is

responsible for the memory narrowing effect.

1.2  Why do we have enhanced memory for emotiorats¥

1.2.1 Levels of explanation

Evolutionary theory and thus the concepfwfctionhas tended to be ignored by

psychologists due to their use of Newtonian phyagthe model for correct science

(Zeiler 2002). This reliance on the Newtonian nmidmggan around the time that

psychology developed from philosophy as an independranch of science. This model



regards good science as one that looks to the inateea@htecedent events that produce a
particular behaviour or biological phenomenon (@e#002). However, thanks to the

work of biologists such as Earnst Mayr and the letfist Niko Tinbergen the importance

of asking ‘what function’ a particular biologicahgenomenon serves has become more and

more important in psychology.

The biologist Earnst Mayr was one of the first hac&late the importance of separating
‘why’ explanations of biological phenomena imimximateandultimate explanations.

For Mayr (1961) proximate explanations involve theisal aspects of “structural elements,
from molecules up to organs and whole individugfs1502). Proximate explanations of
why a biological phenomenon operates the way isd®eeally asking “How does
something operate?” Mayr (1961) uses an exampia &nimal behaviour to illustrate his
point. If one asks why do warbler birds migratee should look at the warblers internal
physiology or the external conditions that trigtfex act of migration. “The warbler flew
south because its migration is tied in with photagahcity. It responds to the decrease in
day length and is ready to migrate as soon asuh#ar of hours of daylight have dropped
below a certain level” (p. 1503). The event thraggered the act of migration, Mayr
(1961) calls the “extrinsic physiological caus¢hé& warbler migrated on the 25 of August
because a cold air mass, with northerly winds, ggheser our area on that day. The
sudden drop in temperature and the associated greaihditions affected the bird, already
in a general physiological readiness for migrat&mthat it actually took off on that

particular day” (p. 1503).

Functional explanations of why questions are readking “how come?” according to
Mayr (1961): “The warbler has acquired a genetastitution in the course of the

evolutionary history of its species which indudet® irespond appropriately to the proper



stimuli from the environment. On the other hane, sbreech owl, nesting right next to it,
lacks this constitution and does not respond teetls#imuli. As a result, it is sedentary”
(p- 1502). Therefore ultimate (or functional) exmtions are concerned witbw certain
traits have become prevalent in populations (M&@11 1993; Ariew 2003). They are
concerned with what survival and reproductive ativges have these traits conferred to
their bearer that has allowed the bearer of th€d)ydo increase in the population (thus
increasing the prevalence of that trait(s) in tbpuation). According to Mayr (1961),
“ultimate causes are causes that have a historyramdave been incorporated into the
system through many thousands of generations afadagelection” (p. 1503). Other
biological scientists take a similar view to Maykriew (2003) frames proximate
explanations as dynamical as they refer to causglgoties occurring during an organism’s
lifetime, including physiological mechanisms. UWiate explanations according to Ariew
(2003) deal with questions relevant to the divgrsttlife, for example “Why are certain

traits prevalent?” and “Why will certain traitoatinue to persist?”

The animal ethologist, Niko Tinbergen. outlinedrfexays of answering ‘why’ questions
in animal behaviour which can be equally well apglio all areas of biological science
(Tinbergen 1963). Tinbergen proposed that ‘whyi ba answered proximately,
developmentally, ultimately and phylogeneticalije believed a complete explanation of
any biological phenomenon required addressing hiem@menon using these four
questions. A number of authors cite the exampke mibther breastfeeding her child to
illustrate how Tinbergen’s four whys can be apptiediological phenomena (e.g. Laland
& Brown 2002; Barrett et al. 2002). In order toastigate thgroximatemechanism
responsible for the behaviour one would ask whatboal processes, or extrinsic events
(such as the baby crying) underlined the behaviotmnvestigatelevelopmenof this

behaviour over time one, would ask how has the erddarned to look after her infant,
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(e.g. was it by observing other females partakingimilar behaviour?), and what role

have genes played in manifesting the behaviour i&their an innate genetic
predisposition for a mother to want to care for i@wly born infant?).Functional(or
ultimate) causes could be investigated by askingtviitness advantage does breastfeeding
confer on a mother and her infant that has mafdeared by natural selection? To
investigatgohylogeneticauses of behaviour one would ask why is thisqadar

behaviour prevalent amongst mammals and not ottisrahtypes? (Laland & Brown

2002; Barrett et al. 2002). Although, developmeatal phylogenetic explanations are
very important, this thesis will concentrate onximmate and ultimate explanations for

memory for emotional events.

1.2.2 The importance of proximate and ultimate &xafions

So why is it so important to provide a proximate attimate explanation in order to fully
understand a biological phenomenon? Sober andW(E998) contend that "when a
behavior evolves, a proximate mechanism also nugdve that allows the organism to
produce the target behavior" (p.199). The authtzs state "the behavior evolved in an
ancestral lineage because it was favored by nagatettion; within the lifetime of an
organism, the behavior now occurs because them iisternal mechanism inside the
organism that causes it" (Sober & Wilson 1998,08)2 The discipline of Evolutionary
Psychology argues that framing ultimate causen &saential requirement for any
hypothesizing about proximate causes (Downes 2@&)utionary psychologists contend
that any proximate causal hypothesis is dubiodkerabsence of a sound supporting

functional or ultimate explanation (Downes 2005).
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Whydo people show enhanced memory for emotional, eoaapto emotionally neutral
events? This dissertation is interested in exargibioth proximate and ultimate
explanations of memory for emotional events. Thigpter will examine, firstly, the
proximate mechanisms involved in a) emotional aaluy memory consolidation and c)
memory consolidation for emotional events. Themnlitierature concerning ultimate

explanations concerning memory for emotional eveniidoe discussed.

1.3 Proximate mechanism involved in memory for Emal events

1.3.1 Defining emotion

Three very influential neuroscientists LeDoux, Damand Panskepp all agree that
emotions are mainly biological (particularly neuadbgical), and are a result of natural
selection (i.e. they emerged and persist due tsuhaval function they confer) (Lacroix
2001). Ledoux describes emotions as “biologicatfions of the nervous system” (1996,
p.12) that “did not evolve as conscious feelinghey evolved as behavioural and
physiological specialisations, bodily responsesradied by the brain, that allowed
ancestral organisms to survive in hostile enviromsand procreate” (1996, p.40).
Damasio emphasises the role the whole body plagmotion: “I see the essence of
emotions as the collection of changes in body '5{a894, p.139). He also states an
“emotion is the combination of a mental evaluagvecess, simple or complex, with
dispositional responses to that process, simp@®mplex, mostly toward the body proper,
resulting in an emotional body state, but also tolthe brain itself, resulting in additional
mental changes” (1994, p.139). Damasio also pexpas ‘as if loop’ in the brain that
allows emotions to be experienced without the meoient of the body, but believes these

emotions are less strongly felt (Damasio 1994).
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Box 1. Damasio’s definition of emotion

Emotions are complicated collections of chemical aaural responses, forming a pattern; all
emotions have some kind of regulatory role to plegging in one way or another to the creation o
circumstances advantageous to the organism exiglitie phenomena; emotions are about the lifg
an organism, its body to be precise, and theirisole assist the organism in maintaining life.
Notwithstanding that learning and culture alterdlpression of emotions and give emotions new
meanings emotions are biologically determined pees, depending on innately set brain devices
laid down by a long evolutionary history.

The devices which produce emotions occupy a fassyricted ensemble of subcortical regions,
beginning at the level of the brain stem and movipgo the higher brain; the devices are a set of
structures that both regulate and represent badgsst

All the devices can be engaged automatically, witlionscious deliberation. Considerable individ
and cultural variation in what induces an emotiaeaktion does not deny the fundamental
stereotypicity, automaticity, and regulatory pugpo$ the emotions.

All emotions use the body as their theatre (intlemmibeu, visceral, vestibular and musculosketal
systems) but emotions also affect the mode of ¢iperaf numerous brain circuits: the variety of th
emotional responses is responsible for profoundgésin both the body landscape and the brain
landscape. The collection of these changes catestithe substrate for the neural patterns which
eventually become feelings of emotions.

”

Damasio (1999, p.51-53

of

Lial

7

1.3.2 The mechanics of emotion

It is now known that different brain systems argpansible for producing different

emotions (LeDoux 1998; Damasio 1999). Most ofdheas of the brain responsible for

producing emotion are contained in the subcortiegion of the brain (i.e. below the

cerebral cortex) (Damasio 1999); some of these #itat are important in producing

emotions include the amygdala, hypothalamus, thegeeductal gray (PAG) (LeDoux

1998; Damasio 1999). The amygdala is a small regighe forebrain and was named by

the early anatomists for its resemblance in shaatalmond (LeDoux 1998).
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Information from a threatening stimulus is relayedhe amygdala, which in turn
activates, via neural projections, autonomic, harai@nd behavioural response systems
located in the brainstem (LeDoux 2000). Sensdigrimation can travel direct from the
thalamus to the amygdala, thus by passing codiess (see Figure 1.1). Aregion in the
amygdala called the central nucleus (CE) connedtset areas in the brain stem that
control heart rate and other autonomic responseBglux 1998). In response to a
threatening stimulus the CE plays a pivotal rolenducing behavioural, autonomic and
hormonal responses. Neuronal projections fronCiEeo the central gray induce freezing;
projections to the lateral hypothalamus are resptnfor changes in blood pressure;
projections to the paraventricular nucleus arearsible for the release of stress
hormones; and projections to the reticulopontisiedis induce the startle reflex (LeDoux

1998).

Emotional responses, therefore, can occur witheagssarily requiring input from the
more advanced information processing systems fautite neocortex (LeDoux 1998;
LeDoux 2000). However, this “low road” as LeDowdls it may only be useful for
certain types of threatening stimuli. A studyslrating this was performed by Jarrell,
Gentile, Romanski, McCabe & Schneiderman (1987) piesented two similar tones to
rabbits, one of which was paired with a foot shacl the other not. The rabbits were
capable of distinguishing between the differingemand only elicited a fear response for
the tone paired with the shock. However, whenatiditory cortex was lesioned the
rabbits were no longer capable of distinguishintyveen the two tones and now elicited a
fear response for both tones. Neurons from thiarnhas to the lateral nucleus of the
amygdala are said to be ‘broadly tuned’ and reaetlroad range of stimuli, whereas
neurons projecting from the thalamus to the augitortex are ‘narrowly tuned’ and are

more specific about what stimuli they react to (Mderger 1995).
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The direct thalamic path to the amygdala has thartdge over the more indirect cortical
input pathway of being a quicker route for inforiaatto travel, thus allowing for a faster
reaction to stimuli. It takes 12 milliseconds &osignal to travel the thalamic pathway
versus approximately 23 milliseconds via the cattpgathway (LeDoux 1998). Both of
these pathways (the thalamo-amygala and corticygdaia) merge in a region of the

amygdala called the lateral nucleus.

Sensory thalamus Amygdala
Short route

)

W CTI3I®POO0OTT I

|

Emotional stimulus Emotional response

Fig 1.1 The direct thalamo-amygdala route is shiter but does not benefit
from cortical processing and can therefore only preide basic information to
the amygdala. This route can be useful in dangerawsituations when a quick
response is needed.
Adapted from LeDoux (1998, p.164)
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1.3.3 Emotional arousal and the stress hormoneaese

The stress response is a coordinated pattern agelsahat is useful in situations in which
the organism is faced with possible damage orsadésesources. In the face of a threat,
the central nucleus of the amygdala alerts theveatacular nucleus (PVN) in the
hypothalamus. The PVN secrets corticotrophin sefephormone (CRH) which travels to
the pituitary gland and triggers the release oéadcorticotropic hormone (ACTH) into
the blood stream. ACTH, travelling via the bloaceam activates the production of
glucocorticoid hormones in the adrenal glands efiidneys, these hormones are then
released into the blood stream. Glucocorticoidrimnes increase the level of glucose in
the blood, thus increasing the provision of endogymuscles and nerves. The circulating
glucocorticoids also play a role in attenuating$tress hormone response by bathing the
hypothalamus which causes CRH secretion to be sappd. This system of stress
hormone activation is known as the ‘long arm’ af giress response (see Figure 1.2)
(Feldman & Conforti 1985; Sapolsky & Meaney 198&;abson & Sapolsky 1991; Englert

2004).

CRH is also involved in the ‘short-arm’ of the sisgesponse. Again the amygdala sends
information from a threatening situation to thegea@ntricular nucleus, triggering the
release of CRH, which travels to the pituitary glaamd activates to fire nerve impulses via
nerves, including the vagus nerve. Noradrenerdigity in the locus coeruleus also
increases and it directly signals the hypothalamnsch in turn signals the autonomic
nerve fibres in the brain stem. The locus coesidso directly activates stress responses
in glands and organs throughout the body via autonoerve fibres, including the release

of adrenaline from the medulla of the adrenal glanithe kidney (see Figure 1.3)

16



(Feldman & Conforti 1985; Sapolsky & Meaney 198&;abson & Sapolsky 1991; Englert

2004).

As we will see later, the release of stress

hormalueing an emotionally arousing

situation has a critical role to play in memory solidation processes for that emotional

situation.
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Fig. 1.2 The long arm of the stress respons

(Englert 2004, p.60)

eFig. 1.3 The short arm of the stress response

(Englert 2004, p.61)
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1.3.4 The process of memory consolidation

Muller & Pilzecker (1900) helped to establish tdmnsolidationhypothesis of memory
formation. This hypothesis contends that memcstas their existence in a fragile state
and consolidate slowly over time. These authoosveld how participants’ memory for
newly learned nonsense syllables was negativedcestl by attempting to learn new
nonsense syllables a short time afterwards. Mephawyever, was not affected if time
was allowed to pass after learning. Based orfitidsng the authors proposed that
memories are initially preserved and then slowlysmidate over time. Further
developments in this scientific field arrived witte “sequential dual trace” model of
memory consolidation as proposed by Hebb (1949)Gar@rd (1949; 1955). According
to this view, an experience produces a labile steorh memory (STM) process that
promotes the retention of recent experiences andtes the development of a more
slowly developed long term memory (LTM) trace. Anting to Hebb (1949) an
appreciable time is necessary for a structural gr@e consolidate a fleeting memory into
a long term memory. In the initial stages memoaiesfragile and any new information is
likely to disrupt the original learning by disrupgi the preservation, and consequently the
consolidation of the original information (McGaug000; 2003). Both these hypotheses
advocate that an initial fragile memory trace cdidsdes over time into LTM (McGaugh
2003). Gold & McGaugh (1975) hypothesised thateh® some advantage in taking time
before committing any information to permanent ag@y; time dependency may reflect the
time during which an organism selects from all eigrees those that should be committed
to permanent storage. However, as McGaugh (20lB)2points out, it would be more
accurate to regard both these hypotheses as ‘siagle’ consolidation hypotheses, as
STM sequentially over time becomes LTM. The oriffedence between short and long

term memory according to this model, McGaugh argisethe strength of the memory
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trace. More recent research instead indicatesstimt and long term memory are two
distinct systems that can operate independenthnefanother, i.e. there can be LTM

without STM, and STM without LTM (McGaugh, 2003ésFigure 1.4).

Agranoff (1965), for example, injected the protgymthesis inhibitor, puromycin, into the
brains of goldfish both before and after trainindhen injected after training it produced
retrograde amnesia. When injected before traithedish were able to learn their task as
normal, but could not remember it hours later. réfee, protein synthesis inhibitors,
although blocking memory consolidation, did noenfére with short-term memory.
Izquierdo, Barros, Souza, Souza & lzquierdo (1988)e also shown that drug
manipulations can prevent memory consolidation evbdaring short-term memory.
McGaugh (2003) contends that such research indi¢ché¢ long and short-term memory
are perhaps independent and parallel phases of pewoosolidation. Research on human
participants has shown that individuals trained wisual skills task did not improve in
their performance of the task until 8 hours paaining. Additionally, the enhancement
was even better the following day (Karni & Dov S&§D3). Brain imaging studies show
changes in neural activity prompted following leagj continue to progress for many

hours post learning (Shadmehr & Holcomb 1997).
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Fig.1.4 The consolidation of new memories into LTMs is tidependent. Short term and
different stages of LTM are not sequentially linkélime dependent stages of memory are
based on independent processes acting in parallel.

McGaugh (2000, p.248)

Single-case studies, for example of the patientknas H.M. strongly suggests a short-
term memory system and a long-term memory systesxisin the brain. H.M. had
suffered from a severe case of epilepsy and susgepted to remove large areas of both
parts of the medial temporal lobe, including thepeicampus, to treat the disorder. H.M.’s
epilepsy significantly improved after the surgdmgwever, H.M. could no longer form any
new explicit long term memories. Forty years afftes surgery H.M. did not know his
age, or where he lived, or the current date, ootws past during the last 40 years (Cohen
& Eichenbaum 1993). He could not remember any names or new faces (Squire,
1987), and could only retain new information foew seconds. If, for example, he was
presented with a photo and then it was removed frisian he would be able to say what
he had just seen (LeDoux 1998). Therefore, it deekem that the long term memory

formation is dependent on the medial temporal l&lggon of the brain (LeDoux 1998).
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1.3.5 The role of the hippocampus

Kim & Fanselow (1992) administered foot shocksdtstin a particular setting and then
thirty five days later put them back in the sanmacplthe foot shock was administered,
typically resulting in freezing behaviour in thég:a The authors then lesioned the
hippocampus in these rats at either 1, 7 or 128atays following training. The rats with
a one hour post learning lesion displayed no sfdeasning (i.e. no fear response was
elicited. However, rats that received the lesi8rdadys post learning performed as well as
rats that had received no lesion at all. Thewtfs lesions 7 and 14 days post learning
performed worse than the 28 day group but better the 1 day group. This finding
suggests the hippocampus plays a time limitedinoteemory consolidation, and that one
month following learning the hippocampus in no lengeeded for either the storage or
retrieval of memories. In a study using humanipgants, Alkire et al. (1998) asked
participants to listen to a series of non-emotipuatelated words, while Positron
Emission Tomography (PET) was used to monitor baahivity. A memory test
administered the following day revealed that thenber of words successfully recalled
was highly positively correlated with parahippocaingyrus activity during learning the
previous day. Haist et al. (2001) concluded frdiRf imaging data that the hippocampus
may well play a significant role in the processr@mory consolidation for several years;

whereas the neighbouring entorhinal cortex conteibdor decades.
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Box 2. Aversive training tasks employed in animesearch

Inhibitory avoidance

Inhibitory avoidance tasks require animals to lzeetl in a small compartment. On
leaving this compartment by moving into a nearlygda compartment, the animal receiy
a single low intensity foot shock. Memory is testae or two days later and is assessq
by placing the animals in the starting compartn@e recording the amount of time it
takes before they move into the compartment wheag teceived the foot shock. Longsg

delays are considered evidence of good memory qeaface for the aversive stimulus.

Morris water maze

This task typically consists of a circular tankwzdter of approximately six feet in
diameter. Rats are trained to swim to a transpar@mvisible marginally submerged
escape platform located in a specific place intdn&. Distinctly visible landmarks, such

as tables and wall charts are located on the waltsighout the room, and these can be

used by the rat to navigate their way to the subettescape platform. Alternatively, rafs

are trained to swim to a (non-submerged) visibleoed’ escape platform. Hippocampa
lesions impair retention performance for the sulgeérmlatform but not for the cued
platform. Conversely, caudate nucleus lesions imearning for the cued but not the

submerged platform.

T-maze
Rats are typically placed at the bottom of a T sdamaze and are allowed to go right o
left at the top of the T. In a typical task fosdpiaced at one end of the top alley (for
example the left). The food remains in the sarfeyddut the starting arm is switched so|
that so rats that were originally trained to gothonow go to the south. If rats had learr
a turning response, they would turn right and etiiteralley not containing the food.
However, if they had learned the location of fomdhe room they would turn left. The
majority of studies have found that animals chosgat to the place where food had bee
found before, rather than make the incorrect tgrmesponse.

From McGaugh (2003
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1.3.6 Identifying the mechanism responsible fora@ckd memory for emotional events

As previously discussed, emotional events are rdveesd with greater clarity and detail
than events of an emotionally neutral nature, thatvis the mechanism responsible for
this phenomenon? Are emotionally arousing evestisarsed more in our minds and with
other individuals (by talking about these emotiogants with others) thereby increasing
our memory for these events? Or is it the disieciess of emotional events and not the
emotionper sethat is responsible for their increased memorafiliAlso, emotional

events may receive greater scrutiny and this agaw be responsible for the enhanced

memory associated with emotional events.

However, research suggests the above factors mawg fact be responsible for the
enhancing effect of emotion on memory (Reisbergduét, 2004). For example, Wessel
& Merckelbach (1997; 1998) found that individualghaa spider phobia had greater
memory for images of spiders compared to contrdiggants, who were not fearful of
spiders. The authors argue that the images wesralgglistinctive for both sets of
participants, therefore it was not the distinctess of the stimufper sethat was
responsible for the enhanced memory but ratheiattighat the stimuli were more

emotionally arousing for the phobic participantrttior the control participants.

Christianson & Loftus (1991) presented participamith three different types of stimuli: a)
neutral, b) emotional, and c) distinctive/novel bnemotional. The neutral stimulus
pertained to a story concerning a woman ridingdieycle; the emotional stimuli involved
a story of a woman who suffered an injury whilengdher bicycle; and the distinctive
stimulus consisted of a story involving a womarryiag her bicycle on her shoulder.

Memory for the distinctive and emotional stimulosied similar patterns for peripheral
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details but individuals showed enhanced memorgéotral details for the emotional
stimulus compared to the distinctive one. Thisliing suggests the effect of emotion on
memory is different from the effect of pure distimeness. Heuer & Reisberg (1990)
asked one group of participants to view the ematlgrarousing version of the
doctor/mechanic story while other participants wiestructed to view the neutral version
but were asked to remember it as best they cohilsl ¢pndition was included so that
individuals would rehearse the material in ordereimember it, thus revealing rehearsal’'s
effect on memory). Nevertheless, the group thaived the emotional stimulus showed
greater memory performance than the ‘rehearsalpjreuggesting that scrutinizing and
rehearsal could not explain the enhanced memarya similar experimental design, Guy
& Cabhill (1999) asked participants to view a seewofotional films and a set of neutral
films. One group of participants was instructetiai& about the films they saw with other
people (the rehearsal condition), a second growupingiructed not to discuss the films
with anyone, and a third group was instructed aatiscuss the films but did actually talk
to other people about the films. A surprise mentesy administered one week after
viewing revealed greater memory for the emotioital in all three groups. There was
also no difference between the groups in the x&atumber of emotional and neutral film
details recalled. The results suggest that rehkarssufficient to explain the effect of
enhanced memory for emotional material. The astpooposed that there may be instead
a biological process at play that ‘burns’ emotiom&imories into the brain. We shall now
turn our attention to the research that stronglyciates there are specific biological

mechanisms responsible for enhanced memory forienadtevents.
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1.3.7 Biological mechanism responsible for enhamoedhory for emotional events

Research indicates that the amygdala’s modulafiomemnory consolidation in the
hippocampus is the principal neural mechanism mnesipte for enhanced memory of
emotional events (Phelps 2006). The amygdalatibel@ved to store declarative
emotional memories but instead modulates memorgalmation in other brain regions,
such as the hippocampus (McGaugh 2000; 2004). eTikex vast animal literature
displaying the essential role the amygdala playsemory consolidation of aversive (thus
emotionally arousing) tasks and training. Manyl&s have shown that low-intensity
amygdala stimulation, induced after training restilin enhanced memory for that training
(Goddard 1964; McGaugh & Gold 1976). Researchatasshown that lesioning the
amygdala in rats impairs learning aversive, thust@mnally arousing, tasks (Cahill &
McGaugh 1990; Hitchcock & Davis 1987; Kesner, Wa&aVinzenried 1989; LeDoux,
Iwata, Cicchitti & Reis 1988). Human studies hais® shed light on the role of the

amygdala in memory consolidation.

Markowitsch et al. (1994) investigated memory foroéional events in two patients with
bilateral amygdala damage due to Urbach-Wiethead&sépatients C.P. & B.P.). The
patients were required to complete a word stemgustems of neutral and emotional
words that had been previously presented to theath patients showed impaired memory
performance for the emotional words compared tdrots In an additional task in which
participants’ memory for previously seen picturessviested, C.P. showed greater
recognition memory for neutral pictures than emuity arousing pictures, whereas
control participants showed the opposite patt€ahill, Babinsky, Markowitsch &
McGaugh (1995) presented patient B.P. with an eamatly arousing slide show where the

emotional manipulation was introduced in the midefithe presentation. This
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presentation is a revision of the Doctor/Mecham&spntation used by Heuer & Reisberg
(1992). The emotionally arousing story (now rederto as the Cahill slide presentation) is
presented in a slide presentation format and hasesmpanying audio narrative. The
presentation depicts a story of a mother and hegeang to visit their father at work, and
while crossing a road the boy gets knocked dowa bgr. The emotional content is
introduced in between slides 5 and 8 and includesmage of a boy’s severed legs
surgically reattached. The slide presentationbsapartitioned into an initial neutral phase
(slides 1 to 4) with an emotionally arousing midtgen (slides 5 to 8) followed by the
conclusion to the story (slides 9 to 11). Conpraiticipants who also viewed the
presentation showed enhanced memory for the enadiyaarousing middle phase of the
presentation. However, B.P.’s memory was the damieoth emotionally arousing and
neutral material. This impairment in memory foragimnal material transpired despite the
fact the B.P.’s rating of how emotionally arousthg slide presentation was for him was
no different to that of controls. Adolphs, Cah8ichull & Babinsky (1997) presented the
Doctor/Mechanic stimuli to two patients with UrbadNeithe disease. Although the
patients reported the emotional slides as beingeraomotionally arousing than the neutral
slides, they did not show enhanced memory for thetienal compared to the neutral

slides.

Research has also shown that unilateral amygdatagka (i.e. damage to just one
amygdale) also leads to impaired memory for ematiomaterial (Adolphs, Tranel &
Denburg 2000; Labar & Phelps 1998; Denburg, Tr&nAtolphs 2001). Further
evidence of the amygala’s role in memory consoilislabf emotional events comes from
Cabhill et al. (1996). The authors employed pogigmission tomography (PET) of

cerebral glucose metabolism of participants as émepded emotionally arousing material.
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They found that the glucose metabolic rate of itjet amygdala while viewing the
emotional material was highly positively correlateth recall of that material.

1.3.8. The role of stress hormones in memory cafetan

1.3.8.1 Adrenaline and Noradrenaline

The emerging model of the amygdala’s role in menwanysolidation is that it is part of a
neurobiological system, together with stress homspthat modulates memory
consolidation of emotional events via its effectbwain areas such as the hippocampus and
caudate/putamen (McGaugh 2000; Packard & Teatt#8)1Substantial evidence from
animal research suggests that enhanced memoryiatesbwith emotional arousal results
from an activation of- adrenergic stress hormone systems during, aad afi emotional
experience. For example, Gold & van Buskirk (195B9wed that memory performance in
rats trained in an inhibitory avoidance task is@ased by low doses of adrenaline (called
epinephrine in the U.S.A.). The improvement infpenance was at its greatest when
adrenaline was administered soon after trainingimal studies using discrimination
learning, active avoidance and inhibitory avoidatasks (see Box 2) have all found that
adrenaline administered immediately after traireagls to enhanced memory performance
(Borrell, de Kloet, Versteeg & Bohus 1983; GoldnBaiskirk & Haycock 1977; Introini-
Collision & McGaugh 1986; Izquierdo & Dias 1983akg, Bennett & McGaugh 1985;
Sernberg, Isaacs, Gold & McGaugh 1985; cited frooGislugh, 1992a). Research
therefore suggests that adrenaline modulates lermy4inemory by influencing post-
learning processes underlying memory storage (Mg84d992a). Gold & McCarty

(1981) showed that animals that received a posthHigadose of adrenaline had enhanced
retention performance and had plasma levels ohadire equivalent to untreated animals

given training that produced good memory perforrean&dditionally, Introini-Collison &
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McGaugh (1986) found enhanced memory performanedapost learning administration
of adrenaline one month after training. Such figdi support the view that endogenously

released adrenaline plays a role in enhancing mestorage (McGaugh 1992a).

Adrenaline does not cross the blood brain bariégil-Malherbe, Axelrod & Tomchick
1959), therefore how does it affect memory consioch in the brain? Research suggests
that adrenaline influences memory storage by sttmar of periphergp- adrenergic
receptors on vagal afferents that project to tredeus of the solitary tract (NTS) in the
brain stem (McGaugh 1992a; 2000). Electricallynsiating the ascending vagus nerve
immediately following learning, has been shownmnbance memory in a similar way to
that produced by adrenaline (Clark, Smith, Has&dwning, Naritoku & Jensen 1998).
Noradrenergic projections stemming from the NTSehlaen shown by van Bockstaele,
Colago & Aicher (1998) to stimulate the amygdald ather forebrain regions. These
projections may also stimulate noradrenaline relegs projections that activate a
structure in the lower medulla called the nucleasagigantocellularis which in turn
projects to the locus coeruleus. Gold & van Buskli978a) found that thgadrenergic
receptor antagonist propranolol weakened the emmguedfect of adrenaline
administration on retention performance in an iitbily avoidance training task in rats.
The authors also found that post-training brairadognaline levels were closely related to
retention performance on the task. Liang, Juld@augh (1986) investigated the
effects of post-training administration of noradakme (NA) on retention performance in
inhibitory avoidance training in rats. The authfinsnd that low doses administered
shortly after training enhanced retention. Theypdbund that simultaneous administration
of propranolol blocked the enhancing effect of Ndhranistration. Intra-amygdala
administration of propranolol also blocked the emnag effects of adrenaline

administration. The authors concluded that noraehgic receptor activation in the

28



amygdala plays an important role in memory consgilich. Williams & McGaugh (1993)
have shown that the noradrenergic projections ftweriocus coerulus stimulate the
amygdala and hippocampus. The above authors tswel@gown that a temporary drug
induced deactivation of the NTS blocks the effd@drenaline on memory consolidation
(Williams & McGaugh 1993). It has also been shdhat post learning administration of
adrenaline into the NTS enhances memory consadidgwilliams, Men & Clayton 2000).
Such evidence suggests the NTS, is an importekadm, connecting the autonomic and
peripheral systems to the neural processes invaive®mory consolidation (McGaugh &
Roozendaal 2002). Adrenaline also triggers theass of glucose into the blood by
increasing glucose out put from the liver (Benid®&®9). Animal (e.g. Messier & White
1984) and human studies (e.g. Mohanty & Flint 20@e shown a time and dose
dependent effect of glucose administration on mgrperformance. For example, Flint &
Riccio (1996) showed that glucose administered idiately after training showed a

significant enhancement in memory performancetfertask.

1.3.8.2 Glucocorticoids

As previously discussed, glucocorticoid releasel(iting cortisol) is induced by the
‘second wave’ of the stress response. The effdadrenaline and noradrenaline can occur
within seconds, however, glucocorticoids are reddasdter a latency time of minutes and
their effects can take hours to materialize (McERe®apolsky 1995). There is a vast
literature, however, that suggests that glucordisqilay a crucial role in long-term

memory consolidation (Roozendaal 2000; de KloetzI@ Joels 1999). In a manner
similar to that of adrenaline, low doses of gluaticoids administered post learning have
been found to enhance memory consolidation (Ro@@n@armi & McGaugh 1996;

Sandi, Loscertales & Guaza 1997; Pugh, TremblasHfer & Rudy 1997; Cordero &
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Sandi 1998). Additionally, blocking the cortistiess response using metyrapone (a
cortisol synthesis inhibitor) negates the enhaneiffigct of post training administration of
adrenaline on memory performance in an inhibitayidance task (Roozendaal, Carmi &
McGaugh 1996; Liu, Tsuji, Takeda & Matsumiya 199%herefore, the adrenergic and
glucocorticoid systems seem to interact to infleememory consolidation (McGaugh &
Roozendaal 2002 Glucocorticoid release also increases the levgluafose in the blood
by increasing the output of glucose from the liekrcreasing the absorption of glucose
into peripheral tissues and by triggering the r&deaf glucogenic amino acid (Flint 2004).
As described previously, research has shown ameittpeffect of post learning

administration of glucose on memory formation (FEnRiccio 1996).

Unlike adrenaline, glucocorticoid hormones freatyee the brain. The hippocampus has a
high density of glucocorticoid receptors (Reul &Kleet 1985). Administration of a
glucocorticoid agonist into the dorsal hippocampast training has been found to enhance
memory consolidation (McGaugh 2000). One of thgsa@ortisol is thought to exert its
influence on memory consolidation processes isibgifg to glucocorticoid receptors
(GRs), present in great quantity in hippocampaloes (Herman et al. 1989; Van Steensel
et al. 1996). Sandi et al. (1997) found that imfqebmemory performance in a Morris
water maze task when cortisol was administered idiabely post training. The same
authors also found that reducing the water tempegdthat the rats had to swim through)
thus inducing a stress hormone response simildratoof a dose of exogenously
administered cortisol (a dose large enough to iadumemory enhancing effect) also
improved retention performance in the task. Furthsearch employing Morris water
maze tasks revealed that administration of GR amtiats prior to, or immediately after, a
1% training trial lead to impaired retention performa in follow up sessions one day later

(Oitzl & de Kloet 1992; Roozendaal & McGaugh 1997b)
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Table 1.1 Treatment effects on memory consolidatiah amygdala noradrenaline

release
Treatment Neuroreceptor effect Memory . Amygdala
Effect noradrenaline
Adrenaline Adrenoceptor Agonist Enhances Increases
Picrotoxin GABAergic antagonist Enhances Increases
Muscimol GABAergic agonist Impairs Decreases
Naloxone Opiate receptor antagonist Enhances Isesea
Beta-endorphin Opiate receptor agonist Impairs EmxeEs
Propranolol B-adrenergic receptor antagonist  Impairs Decreases
Inhibitory avoidance training Increases

(adapted from McGaugh 2003)

1.3.8.3 Stress hormones & memory for emotionaltsverhumans

Cabhill, Prins, Weber & McGaugh (1994) investigatiee effect of propranolol on long-
term memory consolidation for an emotionally aragsand a neutral but closely matched
story. The emotionally arousing version is knowrtlge Cahill slide presentation, and
consists of 11 slides and an accompanying audi@aina (see p. 26 for full description).
The neutral version is closely matched but contagmsmotionally arousing material. The
drug administration in this study was found to #igantly impair memory for the
emotionally arousing but not for the neutral stolpportantly, the memory performance
of the placebo group was significantly better ttieat of the propranolol group for
questions pertaining to th&phase of the arousal story, the critical phasetiich the
emotional elements were introduced. Nielson & dar(8994) induced physiological
arousal in participants by asking them to squedzend dynamometer after viewing target
words embedded in a story. The authors foundaitmisal enhanced heart rate and
memory for these target words. Nielson, Radtkeedsén (1996) induced physiological

arousal in participants by asking them to increasscle tension (again using a hand

31



dynamometer) in order to see how physiological sabmight affect memory
consolidation of a list of highly imageable noufihe authors reported that arousal
induced shortly after learning did enhance memaiysolidation for the words. Van
Stegeren, Everaerd, Cahill, McGaugh & Gooren (1998)stigated the relative
importance of central versus peripheral beta adgémesceptor activation for memory
consolidation of emotional events. The authorsiagtered propranolol or nadolol to
participants before they viewed an emotionally anogi slide presentation. Propranolol
can cross the blood brain barrier, however, nadmalonly do so to a considerably lesser
degree, and therefore this manipulation was idedketermine the effects of central versus
peripheral beta-adrenergic receptor activation emory consolidation of emotional
material. Propranolol but not nadolol administratimpaired memory for emotional
material suggesting that the enhancing effect ajtein on memory is not necessarily

dependent on activation of peripheral beta-adreneegeptors.

However, in a similar experimental design, O’ CHyforysdale, Cahill, Shajahan &
Ebmeier (1999a) did not find an impairing effecpodpranolol and nadolol on memory
consolidation of emotional material. O’ CarrollryBdale, Cahill, Shajahan & Ebmeier
(1999b) administered yohimbine (a central noradignectivator), metoprolol, (a central
noradrengic activity blocker) or a placebo to mapants before viewing an emotionally
arousing slide presentation. The authors fountlyilaimbine administration enhanced,
while metoprolol administration impaired, memory &notional material, relative to
placebo. This finding supports the view that noeadrgic system activation enhances,
and blockade impairs memory consolidation for eowsi material. Papps, Shajahan,
Ebmeier & O’Carroll (2002) then used a noradremafie-uptake inhibitor (reboxetine) to
stimulate the central noradrengic system in pgraicis who were asked to view the same

emotionally arousing slide presentation. The aghowever, did not find an
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enhancement in memory for emotional material asalt of taking this drug In another
study employing the use of yohimbine, Southwickyi®aHorner, Cahill, Morgan I,

Gold, Bremner & Charney (2002), asked twenty orméigpants to view an emotionally
arousing slide presentation, following which papi@ts received yohimbine or a placebo.
Although the authors found no difference in memorythe presentation between the two
groups, they did find that central and periphemabdrenaline activation was positively

correlated with enhanced memory for emotional niter

In opposition to the ‘now print’ metaphor of memamnsolidation (after an arousing

event the brain ‘prints’ all events immediatelygeding and following the event

(Livingston 1967)), Cabhill & Alkire (2003) found &t post learning arousiteractedwith

the degree of emotional arousal at initial encoaifhthe emotional stimulus to enhance
memory for the emotional material. In this studytipants viewed a series of 21 slides,
immediately after viewing the slides they receiaadnfusion of saline or adrenaline.
Adrenaline dose-dependently increased memory ®fghmary” slides (first three in

series) but did not affect memory of the “recefiies (last three in series). A second
experiment involving different participants revehkgnificantly elevated electrodermal
responses to the “primary” slides. The authorsrpreted these findings as suggesting that
stress hormones such as adrenaline may interdctheitdegree of arousal at initial
encoding of information to modulate memory constlioh processes for that information.
More direct support for this hypothesis was fourthwy Cahill, Gorski & Le (2003) who
used the Cold Pressor Stressor (CPS: this invglaggipants having to submerge their
hands in ice cold water and is associated wittharease in the release of stress hormones)
or a control procedure with subjects immediatetgrafhey viewed slides of varying
emotional content. A memory test one week lateeated that the CPS group, which had

significantly elevated cortisol levels, had enhahoemory for the emotionally arousing
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slides compared to the control group. Memory feutral information, however, did not
differ between the two groups. Buchanan & Lov&l#0601) found thapre-learning
administration of cortisol enhanced long-term meyrfor relatively arousing pictures but
not for relatively neutral ones. A pre-learningradistration however, does not isolate the
effects of cortisol on memory consolidation proessas the cortisol administration may
also modify attention to the stimuli. A large boalyliterature suggests that pre-learning
cortisol administration has an impairing effectgameral memory (de Quervain et al.
2000; Kirschbaum et al. 1996; Newcomer et al. 19%®)wever, pre-learning cortisol
administration can also affect attention, and thiegiBngs may be a result of impaired

attention towardss a stimulus rather than impainedory for the stimulus.

Some research, however, has also shown that endiiesinot always enhance memory
for events (e.g. Clifford & Scott 1978; Clifford Blollin 1981; Loftus & Burns 1982). For
example, Loftus & Burns (1982) found diminished noeynfor an emotionally arousing
film (involving a bank robbery) compared to a clyseatched less emotionally arousing
presentation. Additionally, some studies have riegaba disassociation between memory
enhancement and the physiological mechanisms thaodie responsible for this
phenomenon. For example, Gore, Krebs & Parentg2fd@ind an enhancing effect of
emotional arousal on memory but failed to find merease in cortisol and glucose level as
a result of this arousal. The authors concludatiather mechanisms may be at play
regarding emotions effect on memory consolidati@onversely, Scholey, Laing &
Kennedy (2006) failed to find an enhancing effdatmotion on memory but did report
that viewing the emotional material resulted ir@ased glucose levels. Quevedo, Anna,
Madruga et al (2003) also failed to find an enhag@ffect of emotion on memory, one
hour post viewing the emotional material. The abexamples illustrate the complexities

involved in determining exactly what mechanismsrasponsible for the enhancing effect
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of emotion on memory that is so often reportedhénliterature. Scholey et al and Gore et
al's (2006) findings raise the possibility that @mpal stimuli may act as powerful
“attention grabbing magnets”, and this increaseeh&ibnal allocation, rather than the
emotionper semay be responsible for the enhancing effect on mgmbowever, as
described earlier, emotionally arousing stimuliddveen shown to enhance memory
compared to ‘idiosyncratic’ attention grabbing silnfChristianson & Loftus (1991).

Also a vast animal and human literature implicatesle for stress hormone activation (in
response to emotional arousal) in the enhanciregedf emotion on memory. Chapter 2
of this thesis will further examine how stress hona activation affects memory
consolidation of emotional events, and more spedlfi, whether arousal at encoding

interacts with stress hormone activation to enhanemory.
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For a summary of the effects of stress hormonas@mory consolidation process see

Figure 1.5 below.

Initiation of memory consolidation

___4.|{ Maocortax

Hippacampus

Learning
exparience

Caudate nuclaus

Basclateral
amygdala

|.LU'.r'|_'r brain regions

hModulating influences

Epinephri
Fanspnnne — Glucocorticoid

Adranal gland

Fig. 1.5 Emotional experiences activate the relsa of stress hormones
from the adrenal medulla and adrenal cortex. Theyalso trigger the
release of in the NA (called NE in diagram) in th&LA. Memory
consalidation is enhanced via the amygdala enhangimeuroplasticity in
other regions of the brain including the hippocamps. McGaugh (2000,
p.248)

1.3.9 Sex differences in memory consolidation

Cabhill, Haier, White, Fallon, Kilpatrick, LawrencBptkin & Alkire (2001) recorded
participants’ regional cerebral glucose as theyched an emotionally arousing film and a
matched neutral film. The authors found that enbdractivity of the right amygdala was
correlated with enhanced memory for emotional nieter males. Conversely, enhanced
activity of the left amygdala in females was asatad with enhanced memory for the
emotional material. Cahill & van Stegeren (20@8)rfd-adrenergic blockade using
propranolol leads to an impairment in recall oftcaindetails of an emotional stimulus in
males and impairment in recall of peripheral dstailfemales. Their findings provide

support for the hypothesis that emotional aroushaaces long-term memory for central
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information in men, and enhances long-term memarypéripheral details in women.
Cabhill, Gorski, Belcher & Huynh (2004), using enootal images taken from the
International affective picture system (IAPS), fdumo differences in recall of either
central or peripheral story information betweenesand females. Cahill et al. (2004)
were also interested in whether the composite slaked personality traits of participants
differentially related to memory performance. Bwm Sex Role Inventory was used to
independently assess masculine and feminine foaitsach participant. ‘Bem males’
(those participants with masculine personality jd®ut not ‘Bem females’ (participants
with feminine personality types), showed enhan@salf of central emotional information.
However, ‘Bem females’ and ‘Bem males’ did not eliffn their recall of peripheral
emotionally arousing details. Nevertheless, fonilCat al. (2004) the findings suggested
that sex related traits, rather than actualmEnse,may be a better predictor of recall for
central and peripheral details. The effect of(gax sex related traits) on memory
performance for central and peripheral details aldb be investigated in Chapter 2 of this

thesis.

1.3.10 Emotional feedback from the body to therbrai

“Common sense says...we meet a bear are frighterteduan . The hypothesis to be
defended here is that the order of the sequerinedsrect...the more rational statement is

we feel afraid because we tremble” (James 18840@b-6)

The James-Lange theory of emotion contends thateéhteral representation of states of
peripheral bodily arousal bestows emotional cotourodily sensations that would
otherwise be emotionless bodily sensations (JaiB@4)1 James proposed that “Our

feelings... of the changes as they odsuhe emotion” (James, 1884, p.189-190).
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Schachter (1964), who is also an influential th&tavn emotion, also contends that the
experience of emotion “is positively related to pioyogical arousal (p.65). Therefore,
according to this assertion individuals with greansitivity to their own visceral arousal
should experience emotions more intensely tharskessitive individuals (Wiens,
Mezzacappa & Katkin 2000). Wiens et al. (2000)duced evidence in support of this
theory by finding that individuals adept at detegtiheir own heartbeat (thus more
viscerally aware) reported more intense emotiomgsponse to emotional stimuli than
individuals poor at detecting their own heart beatlditionally, Critchley et al. (2000a;b)
have shown that bodily responses mediated by ttemamic nervous system, such as
heart rate, blood pressure and sweat gland activéyelated to alterations in regional
cerebral activity, thus indicating that emotione associated with the representation of
bodily responses. The influential neuroscientistohio Damasio also contends that
peripheral arousal plays an important role in theggation and experience of emotion
(1994, 1999). Recently Vianna, Weinstock, Elltammers & Tranel (2006) investigated
whether patients with Crohn’s active (CA) diseasrild have increased feelings in
response to viewing emotional stimuli compared &tained controls. CA disease patients
have an inflamed gastrointestinal tract that indueeightened sensitivity, meaning these
patients have increased feedback from the gasesiinal system to the central nervous
system. The authors therefore predicted that thagents would have more intense
feelings when presented with an emotional stimtilas normal matched controls. Indeed
Vianna and colleagues did find that CA patientsgtgbincreased subjective arousal in
response to negative emotional stimuli comparezbtdrols. Additionally they also found
that CA patients displayed increased EEG activiylewiew the emotional stimuli and

this activity was positively correlated with arolsgtings.
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In spinal cord injury (SCI) in which there is a colete severing of the spinal cord, there is
a decoupling of the body from the brain. In sucbumstances, one would predict (based
on the above theory) SCI patients to experienceien®less intensely due to this reduced
feedback from the body to the brain. SCI thereddfers a significant insight into the
importance of bodily feedback in the generatioembtion (Nicotra, Critchley, Mathias &
Dolan 2005). Damasio (1999, p.289) draws on rebeair SCI's effect on emotion to
support his very influential view on the mechara€gmotional arousal: stating “all the
surveys of patients with spinal cord damage ... havealed some degree of impaired
feeling as one should have expected given thagghmal cord is gartial conduit for
relevant body input.” When making this asserfimamasio relies largely upon the work
of Hohmann (1966) and Montoya & Schandry (1994anasio (1999, p289) goes on to
assert “one undisputed fact emerged in these stuihie higher the placement of damage

in the spinal cord, the more impaired feeling is.”

Hohmann’s (1966) study is the cornerstone for tibie prevailing view on the effect of
spinal cord injury on affective functioning. Fdig study Hohmann interviewed 25
patients with spinal cord injury, and asked therndmpare emotional feelings as
experienced before injury with equivalent post-igjaxperiences. The patients reported
experiencing a decline in the intensities of fegdiof anger and fear, with the decline in
intensity more marked the higher the lesion (higasions result in more acute decreases
in neural feedback from the body to the brain).e Ttest 8 edition of the undergraduate
Psychology textbook “An Introduction to Brain andtviour”, (Kolb & Whishaw 2005)
reaffirms the conclusion drawn by Hohmann by dégoegi how the emotional loss is
greater the higher the lesion is on the spine. thhgnand Schandry (1994) also reported

impaired emotional experience and heartbeat peocejt patients with spinal cord injury.
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If spinal cord injury reduces the capacity to beoamally aroused in response to an
emotional event, one might expect people with dgioed injury to have reduced memory
for emotional events compared to healthy individudRecent functional anatomical
research points to an afferent neural system imnglthe lamina 1 spinothalamocortical
pathway, representing all aspects of the physio&giondition of the body, which enables
us to perceive feelings, mood, energy levels, staesl disposition (Craig 2002). Craig
(2002) proposes that this system might offer areguidning for subjective feelings,
emotion and self-awareness. Lack of such feeddaokg an emotional event may
diminish feelings of emotional arousal and thuesgrhormone activation, which research
shows, is important in memory consolidation of eiowl events (McGaugh 2000).
Therefore, investigating memory consolidation foro¢ional events in individuals with
spinal cord injury may elucidate further the measans involved in memory consolidation

processes. This issue will be explored and discuss€hapter 3.

1.4  Ultimate explanations for enhanced memory footonal material

As outlined by authors such as Nesse (1990), Dan(a9b4; 1999) and Rolls (1990;
1999a; 2000), from aunltimate perspective, emotions can be regarded as chearidal
neural responses, fashioned by natural selectian jricrease fitness in certain situations.
This view also outlines that the biological functiof emotions is to increase the capability
to deal with both aversive and agreeable stim@sent in the environment (Nesse 1990;
Damasio 1999). Furthermore, each emotion sholdteréo a particular kind of adaptively
significant situation that has occurred repeatediyng the course of evolution, and
increase an individual’'s chances of coping with tiype of situation successfully (Nesse
1990; Damasio 1999). Males and females have fdifeient obstacles to their

reproductive success in the ancestral past ang, thay have developed differing types of
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emotional states and reactions to deal with thétseht kinds of adaptively significant

problems.

1.4.1 Do memory and emotion interact in an adagiashion?

Memory also seems to serve an adaptive functiorGadgh (2000; 2003) states that there
is no convincing argument to conclude that thedgaal system that is the human brain
could not rapidly create lasting memories, howetrex evidence suggests our brains do
not. Thus, according to McGaugh, memory consabgianust serve an important
adaptive function(s). The evidence suggests hgaslow process of memory
consolidation itself is adaptive: allowing neurdbgical processes taking place shortly
after learning to influence the strength of meminages (McGaugh, 2000; 2003). Having
greater memory for stimuli that elicit emotionabasal is adaptive as it ensures this
information is available when needed in the fuidMeGaugh et al. 2000; Rolls 2000).
However, males and females have faced differertte¢ pressures in the evolutionary
past, i.e. they have faced different threats to thevival and reproduction. If the memory
and emotion interact in an adaptive fashion, themwould expect males to have better
memory than females for stimuli that have posetkeatgr threat ttheir reproductive
success. Likewise, one would expect females te eahanced memory for stimuli that
have posed a greater threattieir reproductive success. By investigating these gprest
we are investigating thatimatefunction of memory and emotion (i.e. the survieal
fitness advantage it confers to individuals). Ewohary biologists and psychologists have
identified and described key differing selectivegsures that have faced males and
females (e.g. Symons 1979; Trivers 1972; Daly &34l 1983; Buss 1992). These
differing selective pressures have been arguedve Bhaped the sexes psychological

predisposition differently and in a manner thabwal them to tackle the adaptive problems
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they face. This thesis is interested in whethemory and emotion interact in an adaptive
fashion for both males and females, thus allowirent to deal with the selective pressures
they have faced in the ancestral past and perhifiosface today. Therefore we will
discuss some of the key fitness problems that feoerl males in females in the ancestral
past and test whether their memory consolidatistesy has evolved teervethe adaptive
problems they have faced. Males and females hewe bypothesised to have been

subjected to the following selective pressures:

The pressure for:

a) Females to show greater fear to physical danger

b) Females to be physically attractive & protect tisexual reputation

c) Males to achieve and maintain social status

d) Females to show greater distress concerning a smateotional infidelity, and for

males to show greater distress concerning a msgeisal infidelity.

Males and female have also faced a selective meetisat has bore on each of them
equally: the problem of detecting cheaters or -riders’ (Dunbar, 1999). Humans have
lived in social groups for thousands of years dng thave run the risk of being deceived
and exploited by their conspecifics. It has begued that such an adaptive problem has
selected for a cognitive mechanism that is abléetect other individuals as they
attempting to deceive us (Cosmides and Tooby, 1998}s thesis is also interested in
whether memory and emotion interact in to enableaeoed memory consolidation for
‘liars’ compared to individuals telling the trutfThis capacity would be an adaptive

capacity for humans considering we evolved in lageal groups (Dunbar 1999).
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The remainder of this chapter will examine thedecs$®e pressures that males and
females (and humans as a whole) have faced andheg®e how memory and emotion

should interact to confront these adaptive problems

1.4.2 Differing selective pressures facing males females

1.4.2.1 The pressure for females to avoid risk daager

During the course of evolutionary history, an offsg’s chances of survival were much
more dependent on the presence of his or her mothieeir child-rearing rather than the
father (Campbell 1999). According to Campbell (29%his pressure on the mother to be
present for their offspring (as her presence isemmmportant for her own reproductive
success) forms the basis for the contention timalfes should be more concerned with
avoiding risk taking behaviour and staying alivarthmales. Females also have a greater
relative certainty than males of producing offsgrauring their lifetime; they also do not
have to worry about paternity uncertainty. Durihg ancestral past males could never be
certain of paternity; and modern evidence indictittes between 9% and 30% of offspring
are not biologically related to their fathers (Be& Baker 1990; Baker & Bellis 1995).
Therefore, from an evolutionary perspective, femdigow that time and resources spent
raising offspring is not time and resources ‘wastétbngruent with this position is that
females are found to spend a considerably greatdrad time and energy rearing offspring
than males (Campbell 1999). According to Campi€l99), the female’s presence for
offspring rearing was made all the more vital duéhe nature of gestation and birth: the
birth canal in humans narrowed during the coursevofutionary history due to the

evolution of bipedalism, requiring infants to beatoelatively immaturely and thus
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needing a lengthier phase of dependency (Foley;198&aster & Lancaster 1983; Peccei

1995).

Campbell (1999) also points to orphan survivorstafa to support the hypothesis that a
mother’s presence is more important for infant sahthan a paternal presence: for the
Ache hunter gatherer tribe of Paraguay, a motlueath increases age specific child
mortality five fold, compared to three times thergase caused by a father’s death (Hill &
Hurtado 1996). The above evidence suggests a nofiresence is much more crucial to
offspring survivorship than a father’s. Considgrthis, Campbell (1999) argues that
females should have evolved a psychology in whiglatgr ‘weight’ is given to the costs
of physical danger (compared to males). AccortinGampbell (1999), the mechanism
by which females ‘weigh’ costs of a given encoumgdear. Campbell posits that when
confronted with the same level of objective risldahger, females will experience greater

fear than males, particularly when the threat ighér bodily integrity.

There is plentiful evidence to support this condas Campbell (1999) believes looking at
the prevalence of phobic reactions amongst thessexa fruitful line of investigation as
their foci are believed to relate to specific dasgaced by humans during the ancestral
past. This evidence indicates that females havgleer prevalence of panic disorder
(American Psychiatric Association 1994), animallpbs (e.g. snakes, insects, mice and
dogs), and phobias of injury, blood and medicatpdures (Marks 1987). The cost of
engaging in aggressive acts for males, howevégssscostly, than it is for females. A
male’s reproductive success can increase signtficailowing a successful aggressive
encounter due to the relationship between statdseproductive success (Low 2000).
Indeed, research on sex differences in ‘sensaéekisg’ shows that more males take part

in risky forms of sensation seeking (Rosenblitie§alohnson, & Quadagno 2001).
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Additionally, more males than females are involiedangerous sports, crime and

military combat (Zuckerman 1994).

Indeed, neuropsychological research also sugdestfetmales are more fearful of harmful
stimuli than males. Wrase et al. (2003) has shihvahwomen have stronger brain
activation for emotionally negative pictures in #r@erior and medial cingulate gyrus.
The growing literature on sex differences in memmogsolidation suggests that females
may have enhanced memory for emotionally threagesituations. Canli, Desmond, Zhao
& Gabiriel (2002) used fMRI to assess brain actoabf twelve men and twelve women as
they rated their experience of emotional arousadgponse to neutral and emotionally
negative pictures. Highly emotional pictures wemmembered better by females than by
males. The sexes also activated different neun@lits to consolidate the emotional
stimuli successfully. The above research theredaggests that males and females do
differ in their processing of emotionally threategimaterial and in a manner that is
congruent for their survival and genetic fitne¥ge will now address further selective
pressures that have faced the sexes and descrbthép may have affected their memory

consolidation for certain types of emotional events

1.4.2.2 The pressure for females to be physicdlipciive and protect their sexual

reputation

Reproductive success for males (more than femaldis)ited by the number of fertile
females they can gain sexual access to (Symons T9iv8rs 1972; Clutton-Brock 1991).
Considering female fertility is at its greatestward the mid twenties, and gradually fades
away by the age of forty-five (van Noord-Zaadstrale1991; Menken et al. 1986), natural

selection should favour males who prefer to maté ¥ertile (i.e. youthful females). In the
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ancestral past and even today age and thus fertilist be deduced by physical features
such as smooth, unblemished skin, and lustrougBasgs 1992). Female attractiveness is
also positively correlated with oestrogen levelMiL8mith et al. 2006) which in turn is
positively correlated with female fertility (e.gaBd et al. 1999). The physical
attractiveness of females should therefore be fotamales, in their selection of opposite
sex mating partners (Buss 1987; 1992). Female@degtive success is not curtailed by
the problem of acquiring youthful males as maléilfigr remains high into the fifties and

sixties (Buss 1992).

Another important concern for males is the sexuadttvorthiness or promiscuity of a
prospective mate. Due to the risk of cuckoldrylesavho showed a preference for a
‘sexually loyal’ female would have enjoyed greatproductive success and this
preference should therefore be evident today (Dieken 1981). Research supporting this,
showed males displayed greater emotional distitetée dhought of their partner having
sexual intercourse with another man, but not amdémale (which could not lead to

cuckoldry) (Sagarin et al. 2003).

The evolutionary view on male mate preferencesrangly supported in the literature.

For example, a cross cultural survey samplingyiitee countries on six continents

found males put greater value on youth and physitedctiveness in prospective mates
than females (Buss, 1989a). Sixty two percenhefdultures sampled showed males
valued chastity in a potential opposite sex mateertisan females , whereas none of the
samples showing a stronger female than male preferier chastity in a partner (Buss
1989a). Subsequent cross cultural research agealed males show a greater preference
for youth in a potential opposite sex mate (Ken&cKeefe 1992). The above evidence

outlines how and why youth, physical beauty, artdustworthy’ sexual reputation are
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traits that are sought after in females by maléess therefore not surprising that research
indicates females compete with one another ovdr sads. We will describe this
research shortly; first we will turn our attentimnevolutionary pressures that specifically

affect males more so than females.

1.4.2.3 The pressure for males to achieve and @aisbcial status

Evolutionary theory dictates that females shoulaéa males with the ability to obtain and
share resources, thus providing her and her futfispering, with territory, food and
protection (Trivers 1972). Such resources progidémmediate advantage to the female
and her offspring, and enhance the reproductiveipiises for her offspring (Trivers
1972). Research on the Kipsigis pastoralists mheon Kenya revealed that females
looking for a marriage partner show a preferenceriale grooms that have the most land
available to share (Borgerhoff Mulder 1990). Hoe\humans often mate at ages before
a male’s potential resources are fully known, tfuees cues suggesting a male will attain
high social status (enabling him to accrue res@&)yahould be favoured by females (Buss
1992). This hypothesis is backed up with reseahtiwing that females favour dominance
traits such as the propensity for ‘heroic’ riskitak(Farthing 2005), physical size
(Graziano et al. 1978; Gillis & Avis 1980) and sedinfidence (e.g. Botwin, Buss &
Shackleford 1997), all cues to a male’s sociaustéEllis 1992). Additional evidence for
the female preference for high status is that naytking males have increased
reproductive success in more than one hundredsiwedied societies (Low 2000).
Additionally, females in seven studies within theited States and within 36 of 37 cross-
cultural samples, placed greater value on the patexarning capacity of a potential mate

than did males (Buss 1989a). Recent researchrig@kithe contemporary United States
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reveals that high income males report greater &rqy of sexual intercourse and produce

more offspring than lower income males (Hopcro®@0

1.4.23.1 Implications for intrasexual competition

Intrasexual competition refers to competition betwenembers of one sex for sexual
access to members of the opposite sex (Fisher 2@@#)mate preferences in one sex
driving intrasexual competition in the other sexa(@in 1871). Therefore, one of the
predictions is that females will compete with onether to appear physically attractive.
Fisher (2004) showed that females at their mostde(a time when it is more critical for
them to select a mate of good quality) were moregtgory when rating the faces of other
females for attractiveness. Luxen, Fons & van @eeY(2006) showed that in the context
decision making regarding the hiring of applicafesnales showed a preference for
females of low attractiveness over those rated@® m@tractive. Also females, more than
males, enhance their appearance with techniquésasuwearing makeup, tanning, and
wearing revealing clothes (Buss 1992). Maleshenather hand, should compete with one
another for cues indicating they are of high sostatus. Research supports this
conclusion, showing males (more than females) eseurce displays and status cues (e.qg.
“flashing money and expensive status symbols) vatesmpting to attract a mate (Buss

1992; Lycett & Dunbar 2001).

1.4.2.3.2 Implications for memory and emotion

If, @) emotions act as guiding mechanism helpimgdins behave in a manner adaptive to
their survival and, b) memory and emotion intera@n adaptive fashion; then one would

expect males to be more offended and thus emolyomadused at being labelled with
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characteristics that suggest they are of low sstals (or unable to achieve high status).
Consequently one would also expect males to halvareed memory for stimuli implying
they were of low social status. Similarly, femadésuld be more offended, and thus more
emotionally aroused, and have greater memory fimusitlabelling them as being
physically unattractive and sexually untrustwortfihis thesis aims to test these

hypotheses and predictions in chapter 4.

1.4.3 Differing selective pressures impacting otemand females regarding infidelity

The innate module theory of sexual jealousy argib@smen are predisposed to be upset
by a mate’sexualinfidelity, whereas women are predisposed to s=upy a mate’s
emotionalinfidelity (e.g. Buss 2003). This hypothesis isided from theory proposing
that males and females have been subjected toatiffeelective pressures during
evolutionary history (e.g. Symons 1979; Daly, Wilsh Weghorst 1982). For males, a
partner’s sexual infidelity was a major adaptivaliEnge, one which could mean investing
resources in unrelated offspring, thus impedingsoaen reproductive success. As a
solution to this adaptive challenge, males evoledhnate jealousy mechanism (JM)
specifically designed to detect and react to a imaexual infidelity (Buss 1995).

Females, on the other hand, did not risk investingnrelated offspring but did, however,
risk losing investment in their offspring if thedartner formed a strong emotional
attachment with another female and therefore cHadres resources to her. To solve this
adaptive challenge it is argued females evolvenhiaate JM specifically designed to
detect and react to a partner’'s emotional attachtoesnother female (Buss 1995). There

is a vast literature to support this theory.
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The majority of this evidence comes from studigagia forced-choice hypothetical
scenario designed by Buss, Larsen, Westen & Serathdlt992). In this seminal study
Buss and colleagues asked male and female undaegeastudents to choose which
triggers more distress: the thought of their parfoening a deep emotional attachment
with a member of the opposite sex or the thougkhef partner having sexual intercourse
with a member of the opposite sex. Significanttyrenmales reported finding the latter
proposition more distressing, with significantly rademales finding the former
proposition more distressing. This forced choiaeadigm has been very fruitful in finding
support for the innate module theory of sexualgesy. For example, Pietrzak, Laird,
Stevens & Thompson (2002) found 73% of male undehgaites reported greater distress
over their partner’s potential sexual infidelityh@reas only 4% of the female
undergraduate sample selected that option. Nigtyercent of females reported greater
distress over their partner’s potential emotion&tlielity, whereas only 27 % of males
chose this option. Males also reported a signitiyastronger experience of anger, rage,
and betrayal while imagining sexual, compared tot@nal infidelity, whereas females
reported a significantly stronger experience ofengnxiety and fear while imagining
emotional, rather than sexual, infidelity. Studkstng U.S. participants frequently report
about 75% of females finding emotional infidelitypra distressing compared to between
40% and 60% of males (e.g. Desteno & Salovey 1B86iis & Christenfeld 1996a; cited
in Harris 2003a). Research has also found crdasralgender differences in jealousy,
with Fernandez, Sierra, Zubeidat, Vera-Villarra@6) reporting the hypothesized sex

differences in a sample of over five hundred Cimlead Spanish students.

In a more recent replication of Buss et al.’s ()%8#minal study, decision time was
recorded as participants were asked to decide vitypEhof a partner’s imagined infidelity

would upset them more: sexual or emotional (Schatd\®2004). Males took less time
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when selecting sexual infidelity and females lés® twhen selecting emotional infidelity.
According to Schutzwohl (2004), this faster progessime for choosing what the authors
call the ‘adaptively primary infidelity type’ is @uto activation of their sex-specific
jealousy mechanisms. Conversely, males who chexms¢ional infidelity and females
who chose sexual infidelity, as the more distregsispect, needed to engage in extra
effortful and rational considerations of the poksibadeoffs of the two choices. The
author also asked participants to decide how haxduld be to forgive their partner, and
how likely they would be to break up with their paar, depending on whether the
infidelity was emotional or sexual. Responsesis line of questioning revealed that
males found it more difficult to forgive, and werere likely to end a relationship due to a
partner’s sexual, rather than emotional, infideli§chutzwhol & Koch (2004) set out to
investigate to what degree the hypothesized ‘jeajonechanism’ is a content, and sex-
specific information processing device. The authasked participants to listen to cues
either diagnostic of emotional or sexual infidetinat were embedded in a narrative
referring to one’s own relationship. A surpriseefirecall memory test revealed males
preferentially recalled cues to sexual, and femalass to emotional infidelity.

Schutzwohl (2005) presented a succession of edlnes to emotional or sexual infidelity
(depending on the condition) to participants aricedghem to indicate when they felt their
first pang of jealousy and also when the intensitihe experience becomes intolerable.
After the first pang of jealousy had been elicitedles needed significantly fewer cues
than females to reach the second threshold, whtaming to cues to sexual infidelity.
Females, on the other hand needed significantlerfewes to reach the second threshold
from the first, when listening to cues to emotioindidelity. Other researchers have
looked at actual homicide statistics to arguerioiaie sex differences in jealousy between

the sexes. In their review of homicide data; D&lfison & Weghorst (1982) concluded
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that jealousy does appear to be a precipitatingfac murder across many cultures, and

that males kill out of jealousy more often than &es.

Frankie and Johnmny were lovers

O Lordy, how they could love

They swore t* be true to each other

Just as true as th' stars above

He was her man but he done her wrong

Erankie took a cab, at th' corner

Says, driver step on this cab

She was just a desperate woman

Gettin' two timed by her man

He was her man but he's doin” her wrong

Frankie got out at south Clark Street
Looked in a window, so high

Saw Johmmy man, a lovin” up

That high brow, Nellie Bly

He was her man but he done her wrong

Johmny saw Frankie a comin’
Out th’ back door he did scoot
But Frankie took aim with her pistol

Panel from a mural painted in 1936 by Thomas Hart Benton for the House Lounge in the Mis- A1’ th’ gun went rootu-fooi-toot
souri State Capitol illustrates the story of Frankie and Johnny. He was her man but e done her wrong

Fig. 1.6. Poem depicting the story of ‘Frankiemd Johnny’ (Harris 2004, p. 68)

Studies have also used psychophysiological measutest the innate modular view of
sex differences in jealousy. Buss, Larsen, We&t&emmelroth (1999) recorded
Galvanic Skin Response (GSR) activity, heart riife)( and electromyographic (EMG)
activity of the brow region of the face, while paiiants imagined the two types of
infidelity. GSR and HR are measures of activityhe autonomic nervous system which is
involved in the ‘fight or flight’ response and isus a good indicator of emotional distress.
EMG activity of the brow region of the face was sén as furrowing of the brow occurs
regularly in facial displays of unpleasant emoftiBridlund, Ekman & Oyster 1987).

Males showed significant increases in GSR and Hithguhe sexual imagery compared
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with the emotional imagery. Females, on the offaerd, showed significantly greater GSR
to the emotional infidelity imagery compared to sexual infidelity imagery. There were
no sex differences in brow EMG activity. Pietrzakjrd, Stevens & Thompson (2002)
measured HR, GSR, brow EMG, and skin temperatuedf;to detect changes in
sympathetic activation) as participants imaginegttto types of partner infidelity
designed by Buss et al. (1992). They found thdesnaere more responsive to sexual
infidelity imagery than emotional imagery for HRS&, EMG and TEMP. Females were
more responsive to emotional infidelity than towsxnfidelity for HR, GSR, EMG, and

TEMP.

However, despite the vast support for the innatduteview of jealousy, the theory does
have its detractors. A recent review of the litera by Harris (2003a) points to a number
of studies that fail to find the hypothesized séfedences in jealousy. For example, de
Weerth & Kalma (1993) and Paul & Galloway (1994}jthshowed that females predict
they would show greater aggression over sexualefify than males. Sheets & Wolf
(2001) found that the sexes both rated emotiorimldlity as more distressing than sexual
infidelity. Nannini & Meyers (2000) also failed fimd the hypothesized sex differences in
jealousy. More recently, Sabini & Green (2004 )ydnlund the hypothesized effect in
undergraduate students but not in a non-studerplsamith the non-student sample more
angered by sexual infidelity but more hurt my el infidelity than the undergraduate
sample. In a study looking at the consequencestofl infidelity; Harris (2002) found
that when asked to recall instances of a mateisahatfidelity both males and females
reported focusing more on the act of emotionatiglity than on the act of sexual
infidelity. Harris (2003a) also casts doubts omigide statistics that have been used to
support the ‘sexual jealousy as an innate modudatvpoint. She argues that when one

considers baseline homicide rates, the proportionades that commit murder out of
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jealousy does not differ significantly from the pootion of males that commit murder as a
whole. She cites Daly et al.’s (1982) examinatibDetroit homicides in which they
reported males committed 81% of all jealousy mwdbert highlights that they also
committed 82% of all murders, suggesting that jegyovas not disproportionately a

motive for men.

Harris (2003a; 2003c) also casts doubt on the eaptins of the physiological studies
described above (i.e. Buss et al. 1999; Pietrzak @002). These studies revealed that
males did show greater GSR activity while imaginangartner’s sexual infidelity, but they
also showed greater activity to sexual imagery wieimfidelity was involved. This
finding suggests jealousy over sexual infidelityitsnrown is insufficient to explain the
heightened GSR activity. Harris (2000) showed féatales who had experienced a
committed relationship showed greater blood presswreases when imagining a mate
engaging in sexual infidelity, whereas women witih such experience showed greater
increases when imagining a mate engaging in enaltiofidelity. Harris (2003a; 2003b)
believes the theory of jealousy as an innate moduimited as it does not account for
within-sex differences in jealousy. Harris’s, afigive, Social-Cognitive view of jealousy
proposes that cognitive appraisal plays a promir@atin the manifestation of jealousy
and that individuals tend to experience jealousyréas that are particularly important to
them. Males for, example, may place greater palsomportance on sexual activity than
females and therefore feel more threatened bysiwveathis area. Congruent with her
previous research Harris (2003b) found that thesebd not differ in the degree to which
they focused on the sexual versus emotional aspéetpartner'sactualinfidelity. Also
greater experience with committed relationships p@stively correlated greater sexual
jealousy over a mate’s actual infidelity for made=l females. Harris postulates that sex

may become more important to an individual's selfieept within a relationship as the
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relationship develops overtime. Harris (2003bp agamined how attitudes towards sex
correlated with levels of distress concerning eowwl and sexual aspects of a partner’s
infidelity, revealing that males that attached ghhimportance to sex experienced greater
feelings of distress over a partner’s sexual iritigle More recently, Murphy, Vallacher,
Shackleford, Bjorklund & Yunger (2006) found thetationship experience predicts
emotional distress regarding infidelity but only foales. The authors found that males
with relationship experience reported greater égsticoncerning a partner’s sexual
infidelity compared to males without such exper&nd herefore research that looks at
more contextual factors such as relationship egped tends to produce varied results,

with many studies yielding results that are notrf@mious with the innate modular view.

1.43.1 Memory and emotion concerning infidelity

If memory and emotion interact in an adaptive fashthen according to the innate
module view of jealousy, one would expect malelse¢anore emotionally aroused and
show enhanced memory for cues indicating theimgaris being sexually unfaithful.
Females, on the other hand, would be expected toooe emotionally aroused and have
greater memory for cues suggesting their partneeiisg emotionally unfaithful.
Contextual variables such as relationship expeeienay also modulate feelings of
jealousy regarding sexual and emotional infidelijow memory and emotion interact
regarding jealousy over a partner’s sexual and iemaitinfidelity will investigated in

Chapter 5.
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1.4.4 The pressure to detect liars/cheaters

Cooperation has been an essential component inrhawadution. In order to reap the
benefits of living in large social groups (whichnhans have done since ancestral times)
such as greater access to resources, protectionemedsed sexual opportunities;
immediate rewards must often be sacrificed in otdenaintain group stability (Dunbar

1999; Barrett et al. 2002)

During the course of human evolution group sizeshacreased from about 60 to 80, to
150 for modern humans (Aiello & Dunbar 1993). lederesearch concerning
contemporary Western societies indicates that boetavork sizes still tend to average
close to 150 individuals (Hill & Dunbar 2003). Wi such social groups individuals who
are willing to deceive others so that they accrewelfits without paying costs represent a
big problem for group stability and cohesion (Dunb899). In order for group living to

be adaptive and remain stable over time, our ancesiust have been capable of detecting
and remembering cheaters, so that appropriatenactiold be taken against them
(Cosmides & Tooby 1992). In fact, it is arguedt tiiee problems posed by cheaters or
‘free-riders’ are partially responsible for theesaf the human brain, which is six times
larger than expected for it's body size comparetth¢oaverage primate (Barret et al. 2002).
This theory is known as the Social brain hypothéisne & Whiten 1988). The
hypothesis postulates that the ability to solve glemsocial problems was the drive for
increased brain size among primates and most yaalbng humans. The ability to
deceive, and avoid being deceived by other memdfeasocial group, is thought so have
selected for this increase in brain size (Barre#t.e2002). This hypothesis contends that

an ‘evolutionary arms race’, whereby increasinglyming deceptive strategies used by

56



some individuals selected for equally clever cousteategies in others (Barrett et al.
2002). This process has resulted in a brain ofreoos complexity and one that is very
adequately equipped to tackle social problems asdree riders. Other factors have been
hypothesised to be responsible for the expansidneolfiuman brain. For example, the
need to keep track of one’s relationships with ptheividuals, within an ever changing
social group (Dunbar 1998a). Additionally, thepexsive tissue hypothesis’, argues that a
transition to a largely meat diet (enabled by thel@ion of bi-pedalism) was the trigger

that allowed humans to evolve such a resource lgwrg@an (Aiello 1997).

The evolutionary psychologists Cosmides & Toobyd)ohypothesize that considering
humans possess specialised cognitive ‘machinemgted to the processing of important
stimuli, such as potential sexual partners, enwirental threats, and food, it should be no
surprise that we possess the cognitive mechansmsable enhanced detection and recall

of ‘cheaters’/ free riders’. There are numerousi&ts to support this conclusion.

Mealey, Christiopher & Michael (1996), for exampieesented participants with pictures
of various faces, each with an accompanying cheraigscription (i.e. history of cheating,
social status, and other personal information)sufprise memory test one week later
revealed participants preferentially recognise@daaf “cheaters”. Oda (1997) asked
individuals to participate in a series of Prisosddilemma games against opponents who
were either ‘cheaters’ or ‘cooperators’. Theseppents” were photographic images of
males and females with accompanying descriptiotisating whether they were
‘defectors’ or ‘cooperators’. A memory test oneeldater revealed faces of ‘cheaters’
were remembered better. Chiappe et al. (2004)dfolait in a series of ‘social exchange’
(cooperation for mutual benefit) situations, ‘clezat were rated as more important to

remember than ‘altruists’. A study by Yamagishakt(2003) presented participants with
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facial images of people, taken at the precise mothety either cooperating or cheating,
during a Prisoner’s Dilemma game. Participantsewet informed who were the
‘cheaters’ and who were the ‘cooperators’. A sgbsat recognition memory test
revealed that faces of cheaters were remembereet bedn those of cooperators. This
finding suggests that humans may be capable otulegesubtle visual cues that cheaters’
faces give off. In fact, a review of the lie detew literature (DePaulo et al. 2003)
revealed ‘liars’ in laboratory studies tend to &tignore, dilate their pupils more, have
greater tension in their voice and, press the# tqgether more, than truth-tellers. Vrij,
Edward, Roberts & Bull (2000) video taped a sangbleursing students as they either lied
or told the truth about a video they had just seBime speech and non-verbal behaviour of
liars and truth-tellers was analysed and revealednaber of verbal and non-verbal
indicators of deception. In fact seventy eight gant of all lies could be successfully
classified on the basis of non-verbal behaviouegdding performance at detecting
individuals who are lying, Ekman & O’Sullivan (199dhowed that American Secret
Service agents had better than chance probahildgtacting liars from a series of video
clips showing an equal number of ‘liars’ and ‘traétlers’. Vrij, Evans, Akehurst & Mann
(2004) investigated whether it was possible toatdies by making rapid judgements.
Participants watched fifty two video clips, halfwhich depicted individuals lying, the
other half depicted individuals telling the trutfhe authors found that participants were
successful at detecting liars from truth-tellerwa seventy four per cent accuracy rating.
Porter, Woodworth & Birt (2000) found that with 2y$ of lie detection training, a sample
of Canadian parole officers could detect ‘liesaataccuracy rate of seventy four per cent.
The above research would suggest that humans majave evolved a cognitive

mechanism that allows them to detect liars.
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Indeed, recent neuropsychological evidence suggestishere may be a specific module
in the brain that deals with ‘social contract’ sitions. Stone et al. (2002) found a patient
with damage to the orbitofrontal cortex, temporalep and amygdala showed impaired
social contract reasoning (e.qg. if you take thesfiegou must satisfy the requirement).
The authors concluded that this finding suggesisittiormation about the social world is

processed separately and differently than othexstyg information.

However, not all research indicates individualsgoed lie detectors. Vrij & Mann
(2001Db) carried out a study in which 65 police a#fis viewed six video fragments (three
truthful and three deceptive) of an interview wath individual who had actually carried
out a real life murder. The authors asked theef§ to state after each fragment whether
they thought the man was lying or not. The findisgowed the officers only had 57%
accuracy at detecting lies. They also found indigid that held popular stereotypical
views regarding deception, such'ars fidget and avert their gaze, were the poamest

detecting lies.

1.4.5.2 Memory and emotion regarding lie detection

Again, if memory and emotion interact in an adapteashion, then based on evolutionary

theory one would predict individuals to have enleghemotional arousal to, and have

greater memory for, the faces of liars (or decailatreaters) than for the faces of truth-

teller (honest individuals). This hypothesis anéldiction will be examined in Chapter 6.
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Summary of memory and emotion from an ultimatepgets/e

We have reviewed some of the fundamental seleptiessures that have faced males and
females and also humans as a whole (i.e. the peegssuccessfully detect liars/cheaters).
We have also hypothesized how memory and emotiounldhinteract to respond to these
selective pressures. Chapters 4, 5 & 6 of thisisheill investigate these hypotheses and

hopefully broaden our knowledge of the ultimatections of memory and emotion.
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Chapter 2. Investigating the role of post-learningstress hormone activation on
memory consolidation of emotional material. Additonally: examining the effect of

sex on memory of emotional material.

Abstract

Aims
To investigate whether
1. Post learning stress hormone activation (in thenfof CPS stress) interacts with
the degree of arousal at initial encoding to eneanemory for emotionally
arousing material.
2. Males and individuals with masculine personalifyey will have enhanced
memory for central details of emotionally arousingterial.
3. Females and individuals with feminine personalyets will have enhanced

memory for peripheral details of emotionally arogsmaterial.

Method

Experiment 1

Twenty four male and twenty six female students viewed an emally arousing slide
presentation and immediately following viewing sw@sged one hand up to the wrist in
either lukewarm (control condition) or ice-cold wa{CPS condition). Thirty minutes
following the slide presentation participants reedisurprise free recall and recognition

memory tests on the slide presentation.

Experiment 2

Thirty six male and thirty three female studentesmed an emotionally arousing slide
presentation and immediately immersed their han@sther lukewarm or ice-cold water.
One week later participants received surprisereeall and recognition memory tests of

the slide presentation.

Experiment 3

Fourteemmales and sixteen females from the University ofigg population viewed an
emotionally arousing slide presentation and imntetiiammersed their hands in either
lukewarm or ice-cold water. One week later pgvtaits received surprise free recall and

recognition memory tests of the slide presentation.
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Results

Post learning CPS stress did not lead to enhaneeadbny consolidation for emotional
material in Experiments 1, 2 & 3. Experiments & 2 also failed to show enhanced
memory for central details of emotional materiaiales and ‘masculine personality
types’. All three experiments failed to show erdehmemory for peripheral details of

emotional material in females and ‘feminine persiongypes’.

Conclusion

The results of these experiments suggest thatigersting stress hormone activation
interacting with the degree of arousal at encotingnhance memory for emotional
material is not a robust and replicable phenomeridre results of these experiments also
suggest that sex and sex-type personality diffexemc memory for central and peripheral

details of emotional events are also not robustrapticable phenomena.

2. 1 Introduction

Chapter One provided an overview of the importatg stress hormones play in memory
consolidation of emotional events and specificdilyw stress hormone activation may
interact with the degree of arousal at initial eding (of emotional events) to enhance
memory for those events (Cahill & Alkire 2003; A&kt al. 2003). This theory postulates
that not all recent events are enhanced by tresstrormone activation, but instead only
the emotionally arousing event that trigged thgahemotional arousal and the subsequent
stress hormone activation. Cahill & Alkire (20@8)ministered adrenaline to participants
immediately post viewing emotionally arousing imsag@ken from the International
Affective Picture System (IAPS; Lang et al. 199@)ahill et al. (2003) also used images
taken from the IAPS when finding an enhancing ¢ft¢cCPS stress on memory
consolidation for emotional material. Andreano &h@l (2005) also found that
administering CPS stress immediately after presentaf a relativelyneutral stimulus

enhanced memory for that stimulus in males bufegles. Nielson & Jensen (1994)
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induced physiological arousal in participants bkiag them to squeeze a hand
dynamometer after viewing target words embeddedstory. The authors found that
arousal enhanced heart rate and memory for theget taords. Nielson, Radtke & Jensen
(1996) again induced physiological arousal in pgréints by asking them to increase
muscle tension using a hand dynamometer in ordegeédhow physiological arousal might
affect memory consolidation of a list of highly igeable nouns. The authors reported that
arousal induced shortly after learning did enhaneenory consolidation for the words.
The present study will be the first to employ bthté ‘Cahill slide presentation’, as the ‘to
be remembered stimulus’ and CPS stress as thesstrmone activator’, together in the
same study. This method of stress hormone adaivadirelatively untried in this field of
research and therefore it is important for thishradtto be implemented in research of this
nature in order to determine whether its use chablg produce enhanced memory

consolidation of emotional material.

In previous research employing the Cabhill slidesprgation, drug treatments such as the
the-adrenergic receptor antagonist propranolol haes feund to impair memory
consolidation for emotional material (Cahill et H94); while the central noradrenergic
activator yohimbine has been found to enhance mgpmrsolidation for emotional
material (O’ Carroll et al. 1999b). Further resdais required before one can declare that
‘post-learning stress hormone activation, interagtvith the degree of arousal at
encoding, to enhance memory for emotional matesal robust and replicable

phenomenon. This Chapter aims to test this hypatiarther.

Additionally this chapter will also investigate seikferences in memory for emotional
material. As reviewed in Chapter One, neurophgsiichl research demonstrates sex
differences in the neural processing of emotionatiemal (Cahill et al. 2001; Canli et al.
2002; Beeman & Bowden, 2000; Fink et al. 1999)sdech shows males but not females
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have enhanced memory for central details of an iemalty arousing story (Cahill & van
Stegeren 2003). Similarly, individuals scoringtggon masculine personality traits have
shown greater memory for central details of an @nat story whereas those scoring
higher on feminine personality traits showed greatemory for the ‘peripheral’ details
(Cabhill et al. 2004). This study will also examihe effects and ‘Bem’ sex on memory
consolidation for central and peripheral detailsuio®emotional event. Participants’ heart
rate and systolic pressure will also be recordati@sview the slide presentation and as
they take part in the CPS stress condition. Pusviesearch, using a stimulus similar to
the one in this experiment, has found a signifidaart rate reaction in response to the
emotional stimulus (Heuer & Reisberg 1990). Thiglg will also examine whether the
emotionally arousing slide presentation signifitantanipulates heart rate and systolic
blood pressure. The effect of CPS stress on thesshormone cortisol will also be
correlated with memory for emotional material te gean increase in cortisol level leads

to enhanced memory for emotional material.

2.1.1 Hypotheses and predictions

1) Post learning stress hormone activation (induce@®$§ stress) will interact with
the degree of arousal at initial encoding to eneanemory for emotionally
arousing material.

2) Males and individuals with masculine personalifyey will have enhanced
memory for central details of the arousing phasieflide presentation

3) Females and individuals with feminine personaljyets will have enhanced
memory for peripheral details of the arousing phafdte slide presentation.

4) The cortisol response, induced by CPS stresspaditively correlate with memory

for emotional material

64



2.2 Experiment 1

2.2.1 Methods

2.2.1.1 Participants

The sample size chosen for this study was madbeohdasis of sample sizes used in
previous research investigating the effects ofowagitreatments on memory for emotional
material (O’ Carroll et al. 1999a & b; Papps et28l02). A power analysis calculation was
also performed to help select an appropriate sasipde An effect size of .4 was entered
into a power analysis software program (GPower™yhich alpha was set at .05 and
power set at .80, and the number of groups atts Software program computed a
sample size of approximately 50 participants as@pate for this experiment, i.e. two
groups of twenty five. Fifty participants (26 felesmand 24 males) from the student
population were tested. There were 25 participamntise CPS group (12 Males and 13
females) and 25 participants in the control grdlfpfémales and 12 males). Participants
were recruited from the University population usingnetary incentive. Only participants
who were right handed, with no history of psycheatiiness, Reynauds disease and with
English as their dominant language were recruitétical approval to carryout this
experiment was granted by the University of StgliPsychology department ethics

committee.

2.2.1.2 Emotional stimulus

The emotional stimulus employed in this study ieamtionally arousing slide

presentation with an accompanying audio narraiwe\yn as the Cahill slide presentation;
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Cabhill et al. 1995), depicting a story of a mothad her son going to visit their father at
work, and while crossing a road the boy gets knddawvn by a car. The presentation
consists of 11 slides and the emotional conteimtisduced between slides 5 and 8 and
includes an image of a boy’s severed legs surgicalittached. For analysis purposes the
slide presentation can be partitioned into anahiteutral phase (slides 1 to 4) with an
emotionally arousing mid section (slides 5 to 8lpiwed by the conclusion to the story

(slides 9to 11). See Appendix 1 & 2.

2.2.1.3 Stress hormone activation

After viewing the slide presentation participants administered Cold Pressor Stress
(CPS). This involves participants immersing thaind (up to the wrist) in ice cold water
(0-2 C). Participants are instructed to keep theidharthe water for as long as they can
but that they are free to remove it whenever tiley |Participants are not allowed to keep
their hand in the water for longer than 3 minutassifety reasons. CPS reliably induces
stress hormone activation, including cortisol aatiivn (Lovallo 1975) and has been used
to assess the effects on stress hormone activatiomemory consolidation for emotional

material by Cabhill et al. (2003) and Andreano & {II§R005).

66



2.2.1.4 Control condition

Individuals in this condition were asked to subneetfieir hands (up to the wrist) in
lukewarm water (37-40C) for, one, two or three minutes. These timesewandomly
allocated to each participant using a random nurgbeerator found at www.random.org.
Cabhill et al. (2003) employed this methodology Isat participants in both control and

CPS conditions were matched for length of timerthand was immersed in water.

2.2.1.5 Blood pressure and heart rate recording

Blood pressure and heart rate recordings were msidg a Portapres™ non invasive
blood pressure recording device. This device hasa to be a reliable and accurate tool
in cardiovascular research (e.g. Schmidt, Wittesh&teinmetz, Piccolo & Lupsen 1992;
Young & Mathias 2004). This device consists of amuait, a patient front-end box with
finger cuff, and a height correction system. Tremunit stores the analogue finger blood
pressure waveform as well as beat-to-beat systtiisfolic and mean arterial pressure,
and heart rate. For the purpose of this study werterested in recording heart rate and
systolic pressure. Systolic pressure refers tg#ad pressure in the arteries during the
cardiac cycle. Diastolic pressure is the lowestsgure in the arteries during the cardiac
cycle. Previous research has found that systtdizdopressure reacts more reliably in
response to stress than diastolic blood pressugearroll, Ring, Hunt, Ford & Macintyre
2003). For this reason only participant’s systblmwod pressure was analysed in the

present experiment.
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2.2.1.6 Memory testing

Memory tests on the slide presentation consistedfde recall and a recognition memory
test. For the free recall test participants wastructed to try and recall as many details
from the slide presentation as they could. Thesevigstructed to try and recall the story
line as well as any other details no matter howllsnigesponses were recorded onto a
computer using Cool edit pro™ sound recording safer(www.syntrillium.com). When
participants could not remember any more detady there reminded that they were 11
slides in total and to repeat the exercise agathes@xperimenter could assess how many
out of the 11 slides they could remember. Thegritmn memory test was given
immediately after the free recall test. This isst multiple choice test in which the
participant is asked a question and given a choiideanswers. There are 5-9 questions
per slide, the test begins with slide 1 and paréints are informed when the experimenter
is moving on to the next slide (see Appendix 3)enbry was tested at thirty minutes
following viewing and again one week later. Far tbllow up memory test one week
later, participants were contacted by phone anddhnee procedure as outlined above was
followed. For this follow up memory test, partiaits’ responses were recorded via a

telephone conversation recorder.

2.2.1.7 Controlling for individual differences iremory for neutral material: the auditory

verbal learning test (AVLT)

The AVLT is a standard verbal memory test in psyatioal research (Rey 1964). The
format of the AVLT consists of reading aloud a 6$t15 words to the participant and then
asking them to repeat back “as many words as theyemember”. This procedure is

repeated 5 times. Following this, an interferelisteof 15 words is read aloud (List B) and
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the participant is asked to repeat back as mangsvas they can remember from that list.
Immediately following this, participants are thesked to recall as many of the words from
list A as they can; this trial is to determine #ikects of interference on memory for the ‘to
be learned’ material. Participants are also askeedcall words form list A 20 minutes
following presentation of the list. Participants ghen given a recognition memory test in
which a list of 30 words are called out, includimgrds from list A and list B, and they are
asked if they recognize which list the words belemgThe AVLT yields a short delay
memory score, a long delay memory score and adetay recognition memory score.
Both the long delay free recall and recognition mgnscores were used as a measure of

baseline memory for neutral material for particisain this study (see Appendix 4).

2.2.1.8 Saliva sampling and cortisol analysis

Saliva sampling involved participants depositingraximately 5 ml of saliva into a plastic
tube. Five ml of saliva was required per salivasi® because the assay used to determine
the level of cortisol in participants’ saliva repd at least 3 to 4ml of saliva in order for
the results to be reliable. This methodology reenbemployed in previous research that
investigated the effects of cortisol on facial egma@ce (Law Smith et al. 2005). Therefore
5ml was chosen to allow a safe ‘buffer’ as whengpmrting the saliva from site of
sampling to the laboratory it was possible thatrapiately 1ml of saliva could
deteriorate and be unsuitable for analysis. Tis¢ $ialiva sample took place during a 5
minute baseline period prior to viewing the slidgegentation. Following CPS stress (or
the control condition of immersing one’s hand ikdwarm water), participants gave a
second saliva sample. The third and final salarage was taken 20 minutes after CPS
stress/control condition. Saliva was then frozer2@°C until it was transported to a

laboratory for analysis. Cortisol data were asddyethe biological sciences laboratory at
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Queen Margaret University College, Edinburgh, usindin-house’ enzyme linked
immunosorbant assay (ELISA). The assay procedasebased on the indirect,
competitive binding technique with samples firstragted using di-ethyl ether. Four mL
of ether was added to 500ul of sample, vortex migred 0 minutes and then frozen at -
80°C until the aqueous phase was frozen. The uafrether was de-canted and
evaporated with forced nitrogen. Samples werdl§imaconstituted with 500! of assay
buffer and vortex mixed prior to assay. Assay ity was 0.5pg/mL; inter and intra-
assay coefficients, obtained over 50 assay rune WBe8% and 2.7% respectively; cross
reactivity with related compounds was minimal almel standard curve was highly
reproducible (r=0.998). Cross-reactivity with eswhe was 1.2%, cortisol 1.4%, Deoxy-
cortisol 1%, testosterone 0.4% and other steroifl$%. Intra and inter assay precision
values were 3.2% and 5.7% respectively. The adsayiravolved an extraction step and
recovery studies for a range of cortisol levelsrird.6-40.8 ng/mL were 91.8% to 106.7%.

Assay sensitivity was 0.05 ng/mL.

2.2.1.9 Masculine and feminine personality types

The Bem sex role inventory (BSRI) independentlyeases masculine and feminine
personality traits in an individual (Bem 1981). eTBSRI includes twenty items relating to
feminine personality characteristics, twenty itelating to masculine personality
characteristics and twenty items relating to pempncharacteristics of a gender neutral
nature. Participants rate whether they possessa®aracteristic using a rating scale from
one (never or almost never true) to seven (alwaydnoost always true). For the purpose
of this study those with a higher masculinity tlsafemininity score were deemed ‘Bem

males’ and those with a higher femininity than ascudinity score were deemed ‘Bem
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females’. This method of categorising participants ‘Bem males’ and ‘Bem females’ is

outlined by Bem (1981). See Appendix 5 for BSRI.

2.2.1.10 Big 5 personality dimensions

Participants also completed the Big 5 personalitgstionnaire. The Big Five personality
guestionnnaire is a classification of an individsiglersonality into five broad categories
(or dimensions) of persoality traits: neuroticignmtraversion, agreeableness,
conscientiousness, and intelligence (Goldberg 1983vas employed in this experiment
to control for the effects of personality type oamory for emotional material. This study
used a freeware verion of the Big 5 located atriternational Personality Item Pool

website (http://ipip.ori.org./ipip/new_home.htmSee Appendix 6.

2.2.1.11 Memory for central and peripheral details

The recognition memory test yields a total of 7gpnses which can be broken down into
central and peripheral details. The criterion fetedimining which details of the slide
presentation are peripheral and which are centeadwhe same as employed by Cahill et
al (2004): central details are any details thano&ube changed or removed without
altering the fundamental elements of the story. liAdl other details are considered
peripheral. This meant there were 56 peripher@ideand 18 central details to be
remembered. The central detail questions are preden ‘bold’ font, and correct

responses are underlined in Appendix 2.
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2.2.1.12 Procedure

In order to control for the effects of durinal \&ion in cortisol level testing took place in
the afternoon at either 2pm or 4pm. Participaresawandomly allocated to take part in
the study at either 2pm or 4pm using a random numdeerator found at
www.random.org. Before participants viewed thdespresentation their baseline heart
rate and systolic blood pressure was recorded @sPartapres’ blood pressure monitor.
The baseline period lasted 5 minutes and durirgjtiime a saliva sample was taken in
order to record baseline cortisol level. The blpogssure monitor continued recording for
the duration of the slide presentation and untilibutes after the CPS/Control condition.
Following Cahill et al. (2003), immediately afteéewing the slide presentation
participants were asked to rate how emotionallysirg they felt it was on a Likert scale
of 1 (not at all emotionally arousing) to 10 (vermotionally arousing). Participants were
then administered CPS stress or the control praegdea. participants either submerged
their hand up to the wrist in ice-cold (CPS) ordularm water (37-40 degrees Celsius)
water. Participants knew before the study begantttey would have to submerge their
hands in either ice-cold or lukewarm water but theye not informed of which condition
they were assigned to until immediately before hiamdersion. Participants in the CPS
condition were instructed to try and keep theirchamthe water for as long as they could
but that they were free to remove it whenever tagted to and that they would not be
allowed to keep it in for longer than three minut&articipants assigned to the control
condition were asked to remove their hand fromwheer at either 1, 2 or 3 minutes after
immersion. This yielded an average of 2 minutdsrsrsion time for control participants.
Cabhill et al. (2003) found that this procedure ¢l similar hand immersion times for
both CPS and control conditions. Following the @®8trol condition, participants rated

how painful the experience was using a Likert soélene (no pain or discomfort) to ten
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(the most pain imaginable). Following the procedoutlined by Cahill et al. (2003),
participants were given a towel to dry and/or wéneir hand and were allowed rest for
approximately one minute before a second salivgpkawas then taken. Participants then
completed the AVLT verbal memory test, followedthg Big 5 factor marker personality
questionnaire and then the Bem sex role invent®8R(). Participants then completed the
delayed free recall and recognition memory tridihe AVLT. The third and final saliva
sample was then taken. Participants were themdwe surprise memory tests on the
slide presentation (the free recall followed by teéeognition memory test). Participants
were contacted by telephone one week later and agam given surprise free recall and
recognition memory tests on the slide presentati®articipants’ responses were recorded

using a telephone conversation recorder.

2.2.1.13 Statistical Analysis

Whenever spherecity assumptions were violatedgeated measures analysis, Geisser-

Greenhouse correction was employed. All analyss® werformed using SPSS™ (ed) 13

221131 Analysis of Baseline variables

A One way ANOVA was performed on the potentiallynfmunding variables (see Table
2.1) to determine if there was any difference betw€ontrol Females, CPS Females,
Control Males, and CPS Males for these variablse potentially confounding variables
are as follows: age, baseline systolic blood pressaseline diastolic blood pressure,
baseline heart rate, baseline cortisol (ng/ml), A\elay free recall, AVLT long delay,

emotional arousal to slide presentation, and tlgeSBpersonality dimensions of:
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Extraversion, Agreeableness Conscientiousness,i@mabStability and Intelligence.

Bonferroni adjustment was employed to correct faitiple comparisons.

2.2.1.13.2.  Analysis of memory performance

This study is primarily interested in testing thgbthesis that the degree of arousal at
initial encoding interacts with post learning ssr&®rmone activation to enhance memory
for emotional material. Therefore, following theta@blished protocol (Cahill et al. 1995;
Cabhill et al. 2004), memory performance on theespdesentation was partitioned into 3
discrete phases: an initial Neutral phase, a seEomational phase, and a third Concluding
phase. The initial Neutral phase consists of éspaonses to questions pertaining to slides
1 to 4 of the slide presentation. The Emotionagghconsists of responses to questions
pertaining to slides 5 to 8 of the presentatiohe Toncluding phase consists of responses
to questions pertaining to slides 9 to 11 of thdespresentation. Repeated measures
analysis was performed to look for a ‘Slide Phdse: Neutral/Emotional/Concluding) *
‘Stress Condition’ (i.e. CPS group/Control grougkraction for memory performance.
Memory performance the Emotional phase of the pitesien was also examined
separately using one way ANOVA. Cabhill et al. (2p@lso employed a ‘difference score’;
i.e. the difference in memory performance betwé&enEmotional phase and the initial
Neutral phase to investigate emotions effect on omgmThis study will also employ this
analysis to investigate whether there is a diffea¢effect of post learning CPS, as

opposed to the control condition, on memory for somal material.
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2.2.1.13.3 Analysis of sex related personalitytsrand memory performance

This study is also investigating ‘sex’ (and ‘Benx'$elifferences in memory for peripheral
and central details of emotional material. Totalmory scores for peripheral and central
details were compared between males and femaleseaneen ‘Bem males’ and ‘Bem
females’. The interaction of ‘Slide Phase’ witkx$(and ‘Bem sex’) on memory scores
was also investigated. The effects of post legr@®S on memory for central and

peripheral details was also analysed.

2.2.1.13.4 Analysis of cardiac variables

A repeated measures ANOVA, with ‘Stress conditig@. the CPS/Control condition) as
the between subjects factor and ‘Experimental Phbsevithin subjects factor, was
employed to analyse how heart rate and systoliodbfyessure changed during the course
of the experiment. Therefore, a 2 (Stress Comimup: CPS stress, Control condition)
* 6 (Experimental Phase®Baseline phase, Neutral phase of slide presentdfimotional
phase of slide presentation, Concluding phasea# gresentation, CPS/Control phas¥, 2
Baseline phase) design was implemented to invéstlyaw CPS stress and the

emotionally arousing slide presentation affecteaihwate and systolic blood pressure.

2.2.1.135 Analysis of cortisol data

In order to investigate whether CPS stress indacsiiless hormone response, the

difference in rise of cortisol level between theSC&hd control groups was also analysed.

Also, rise in cortisol level was correlated withmmay performance of emotional material,
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in order to investigate if an increase in cortisvkl, due to post-learning stress hormone

activation, leads to enhanced memory of emotiorakenal.

2.2.2 Results

2.2.2.1 Potentially confounding variables

A one way ANOVA (corrected for multiple comparispnsvealed significant differences
between the experimental groups on the persordifitgnsions of ‘agreeableness’ and
‘emotional stability’ (see Table 2.1). Bonferramamparisons revealed that female
Controls were significantly higher than male Colstian ‘agreeableness’ [p=.017], and the
female CPS group were significantly lower in empébstability than the male Control
group [p=.017]. Before proceeding with analysisr&mory data ‘agreeableness’ and
‘emotional stability’ were correlated with ‘totdtee recall and recognition memory, and
free recall and recognition memory for the Emotigotease of the slide presentation.
‘Agreeableness did not correlate with ‘total’ freall memory [r =-.065, N=46, p=.667],
‘total’ recognition memory [r =-.138, N=47, p=.35%motional phase free recall [r =-.22,
N=46, p=.143] or recognition memory [r =-.191, N+4#%.198]. Therefore, differences in
‘agreeableness’ and ‘emotional stability’ betweeougs was not considered a source of

confound.

Internal Reliability

Cronbach’s Alpha was employed to test the intemelzbility of the five personality

dimensions of the Big 5 questionnaire. For Agrémassy = .8, For Extraversion = .85,

for Conscientiousness= .81, for Emotional stability = .84, for Intelligence. = .86.
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Table 2.1.Comparison of four participant groups on potentiatynfounding variables

Female | SD Female | SD Male SD Male SD F P
control CPS Control CPS
N=13 N=13 N=12 N=12
Age 23.58 5.64 22.17 2.79 24.44 4.72 22.44 305 0.6%9 ).
Baseline
systolic BP 131.96 17.52 126.04 15.44 125.26 13.48 125:9 19.9353 : 0.67
Baseline 73.21 10.02 70.20 6.78 71.84 1247 7136  7p2 0089
diastolic BP
Baseline HR 78.99 9.25 81.54 12.45 78.00 9.65 79.33 9.p3 0.286p
Baseline 7.48 2.58 7.30 3.43 8.67 3.15 6.87 246 079 @50
cortisol ng/ml
AVLT Delay 10.92 1.98 12.17 2.55 11.91 1.87 1033  2p3 1.836p.
free recall
AVLT long 14.31 1.38 13.83 153 13.83 140 1400  1]3 0.380p.
Delay
Emotional 5.85 1.21 6 1.92 45 1.68 4.67 o0p 254 do7
arousal to SP
Ex 5.08 6.51 3.92 9.91 8.55 5.2¢ 4.00 642 1.01 .40
Ag 20.85 2.76 18.92 4.17 15.18 4.56 16.33 566 4.101 p.
Con 10.62 6.54 14.75 2.90 10.55 7.81 10.25 791 1.3%6D.
ES -17.69 4.82 -19.83 6.52 -10.64 8.30 -16.08 791 53.6.02
In 17.38 4.87 18.25 9.55 21.55 5.96 19.33 798 0.762 D.
Key: SD: standard deviatioryp: blood pressuréAVLT: auditory verbal learning tessP. slide presentatioiR:
heart rateEx: extraversionAg: agreeablenes§€on: conscientiousnesgS: emotional stabilityJn: intelligence.
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2.2.2.2 The effect of CPS stress and the slideeptaBon on Cardiac variables & Cortisol

in Experiment 1

Note: during the ‘1 Baseline phase’ the first saliva sample was tdkem participants in
order to measure baseline cortisol level. Durihg 2" Baseline phase’ the second saliva
sample was taken from participants in order to stigate how cortisol level had changed

in response to the CPS stress or the control camrdit

2.2.2.2.1 Heart rate Experiment 1

A repeated measures ANOVA with ‘Stress Conditid@PE&/Control condition) as the
between subject factor and ‘Experimental Phasé’Bdseline phase’, ‘Neutral phase of
slide presentation’, ‘Emotional phase of slide preation’, ‘Concluding phase of slide
presentation’, CPS/control phase, antf Baseline phase’) as the within subjects factor
revealed a within subjects effect of ‘Experimerrhbse’ on heart rate
[F(3.5,1.34.6)=65.06 ,p=.<.001]. Bonferroni paseicomparisons revealed that tfle 1
and 29 Baseline phases had higher heart rate than aime afther 4 experimental phases
[all p<.001]. The ¥ Baseline phase showed higher heart rate therftBadeline phase
[p=.006]. The 3 phases of the slide presentatidmadit differ from each other [all p=1].
The was no main effect of ‘Stress Condition’ onrheate [F(1,40)=.578, p=.451]. The
repeated measures analysis revealed an ‘Experihigimae’ * ‘Stress Condition’
interaction [F(3.5, 139.97)=3.139, p=.021]. Furthealysis revealed the interaction was
due to the CPS group having significantly elevdtedrt rate during the ‘CPS/Control
phase’ than controls as demonstrated by a one WHO\AA [F(1,44)=4.562, p=.039]. See

Figure 2.1.
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Figure 2.1  Heart rate for Control and CPS groups during thes® of Experiment 1.

Error bars represent +1/-1 standard error of tharme
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2.2.2.2.2 Systolic pressure Experiment 1

A repeated measures ANOVA with ‘Stress Conditid®P&/Control condition) as the
between subject factor and ‘Experimental Phasé Bdseline phase’, ‘Neutral phase of
slide presentation’, ‘Emotional phase of slide preation’, ‘Concluding phase of slide
presentation’, ‘CPS/control phase’, an8*Baseline phase’) as the within subjects factor
revealed a within subjects effect of ‘Experimermbhse’ on systolic pressure
[F(5,185)=14.35, p<.001]. Bonferroni pairwise gmarisons revealed that the Concluding
phase of the slide presentation had lower syspoéssure any of the other experimental
phases [all p<.006]. Thé“Baseline phase had higher systolic pressure themtbe
Concluding phase and the Emotional phase of the pliesentation [p=.007] and [p<.001].

There were no other ‘Experimental Phase’ differsrinesystolic blood pressure [all p>.51,
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<1]. Repeated measures analysis revealed no rfieat ef ‘Stress Condition’ on systolic

blood pressure [F(1,39)=.281, p=.599]. There Wwasgyever, an ‘Experimental Phase’ *

‘Stress Condition’ interaction [F(2.8, 110.4)=13%5%=.0001] on systolic pressure.

Further analysis revealed the interaction was dwgystolic pressure being significantly

elevated in the ‘CPS group’ in comparison to theriol group’ during the ‘CPS/Control

phase’ of the experiment, as demonstrated by avayeANOVA [F(1,45)=12.626,

p=.001]. See Figure 2.2.

Figure 2.2  Systolic pressure for Control and CPS groups dufiegcourse of

Experiment 1Error bars represent +1/-1 standard error of therme
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2.2.2.2.3 Salivary cortisol Experiment 1

A repeated measures ANOVA with ‘Stress Conditi€@P&/Control groups) as the
between subject factor; and ‘Experimental PhaBaseline cortisol’, ‘Cortisol
immediately post CPS/Control phase’ and ‘Cortigbh@inutes post CPS/Control phase’)
as the within subjects factor revealed a main efiétExperimental Phase’ on cortisol
level [F(1.7, 76.29)= 3.33, p=.04]. Bonferronimpése comparisons revealed this main
effect was due to higher cortisol level for ‘Conli25 minutes post CPS/Control phase’
than ‘Baseline cortisol’ [p=.02]. There was nor&s Condition’ * ‘Experimental Phase’
interaction on cortisol levels [F(6, 76.3)=.025,%6]. There was also no main effect of

‘Stress Condition’ on cortisol levels [F(1,47)=1,65.205

Figure 2.3  Change in salivary cortisol during course of Expemt 1. Error bars

represent +1/-1 standard error of the mean.
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2.2.2.3 Memory for slide presentation Experiment 1.

2.2.2.3.1 Recognition memory one week later

Analysis of responses from the free recall andgeitmn memory tests administered to
participants one week after presentation of tlieegtiresentation yielded surprising results.
Participants showed enhanced memory on the fredl test of the slides (1 to 11) when
tested one week later [mean=94.54%, standard dmvigeD) = 10%] than when they

were tested 30 minutes after slide presentatiora{m@6.9%, SD=11.81%)] [t (42) =-
4.336, p=.0001]. The pattern of responses ondgbegnition memory test one week later
closely mapped responses of the initial recognit@mory test. It was clear that
participants improved memory on the free recale(areek later) was due to questions on
the initial recognition memory test ‘informing’ threof certain events that took place in the
slide presentation. It also seemed apparent thahé2“ recognition memory test (1 week
later) participants were simply remembering resperibey gave to the initial recognition
memory test rather than actually trying to rementheractual slide presentation itself. A
similar effect of repeated testing on memory foodanal material has also been reported
by Burke, Heuer and Reisberg (1992). For the reasatlined above memory scores from

the follow up memory tests one week later wereimduded in the results section.

2.2.2.3.2 Free recall memory Experiment 1

Repeated measures ANOVA with ‘Stress Conditioe’. (CPS/Control) as the between
subject factor and ‘Slide Phase’ (Neutral/Emotid@ahcluding) as the within subject
factor revealed a significant effect of ‘Slide Péfasn free recall memory [F(1.7,

77.98)=14.337, p<.001]Bonferroni pairwise comparison revealed signifitagteater
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memory for the ‘Emotional Phase’ in comparisontt® Neutral phase’ [p=.023] and the
‘Concluding Phase’ [p=.0001]. Crucially, no ‘Sliédnase’ * ‘Stress Condition’ interaction
on memory performance was found [F(5.05, 77.98)%.55%.578]. There was also no
main effect of ‘Stress Condition’ on memory scdifed,46)=2.26, p=.14]. Memory
scores for the Neutral phase were subtracted freniEmotional phase to yield a
‘difference score’. A one way ANOVA revealed ndfelience in the ‘difference score’

between the CPS and control groups [F(1,46)=.4%3\95] (see Figure 2.4).

Figure 2.4  Free recall memory for slide presentati&mnor bars represent +1/-1

standard error of the mean.
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2.2.2.3.3 Recognition memory Experiment 1

Repeated measures ANOVA with ‘Stress Conditioe’. (CPS/Control) as the between
subject factor and ‘Slide Phase’ (Neutral/Emotié@ahcluding) as the within subject
factor revealed a significant effect of ‘Slide Pé&lasn recognition memory
[F(2,94)=11.396, p=.0001]. Bonferroni pairwise guarisons revealed significantly

greater memory for the ‘Emotional phase’ than libth‘Neutral phase’ and the
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‘Concluding phase’ [all p<.004]. There was no mafifect of ‘Stress Condition’ on
recognition memory performance [F(1,47)=.006, 9]9 Crucially, there was no ‘Slide
Phase’ * ‘Stress Condition’ interaction on recogmtmemory performance
[F(2,94)=.2.08, p=.131]. Recognition memory scdrem the ‘Neutral phase’ were
subtracted from the ‘Emotional phase’ to yield #edénce score. A one way ANOVA
revealed no difference in ‘difference score’ betwdege CPS and control groups

[F(1,47)=.02, p=.889]. See Figure 2.5.

Figure 2.5 Recognition memory for slide presentation ExperinderError bars

represent +1/-1 standard error of the mean.
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2.2.2.3.4. Cortisol and memory performance Exparine

Neither the CPS or control groups showed any diffee in rise in cortisol level during
this study (see Figure 2.3), therefore ‘rise intisot’ levels for both CPS and control
groups was amalgamated in order to examine whéikerin cortisol’ was correlated with
memory performance. Rise in cortisol level betwesen‘1™ Baseline phase’ and the"®2
Baseline phase’ (immediately post CPS/control) easelated with ‘total free recall
memory’ [r(1,47)=-.051, p=.732], free recall foetBmotional phase [r(47)=.127, p=.395],
‘total recognition memory’ performance [r(47)=-.116-.433], and recognition memory
performance for the Emotional phase [r(47)=-.0378p4], all analyses yielded non-
significant findings. Rise in cortisol between th& Baseline phase’ and ‘25 minutes post
CPS/control’ was then correlated with the sameabdes: ‘total free recall memory’
[r(48)=.04, p=.785], ‘free recall for the Emotiorgiase’ [r(48)=.142, p=.337], ‘total
recognition memory’ [r(48)=-.084, p=.568], ‘recogan memory for the Emotional phase’

[r(48)=-.009, p=.951]. Again these analyses yidlden-significant findings.

2.2.3.5 Relationship between memory performancslide presentation and subjective

discomfort of CPS stress Experiment 1

A one way ANOVA revealed that participants thatexgnced CPS stress rated the
experience as more painful than participants thg¢eenced the control condition
[F(1,48)=101.29, p<.001]. The mean rating for egrants in the CPS group was 4.72
(SD=1.6), compared to a rating of 1.32 (SD=.56r xctantrols. However, for CPS group
participants ‘pain ratings’ did not correlate wéhher free recall or recognition memory
performance for any of the 3 phases of the sli@sgmtation or for total free recall, and

total recognition memory scores (i.e. all phaseteddogether) [all p>.40 <.91].
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2.2.2.3.6 The effect of ‘sex’ and ‘Bem sex’ on nmgriay central and peripheral details

Experiment 1

Analysis of memory scores revealed no significardihgs concerning sex differences in
memory scores for emotional material. The analeiealed, a) no sex differences in
memory for central and peripheral details, b) rftedénces between ‘Bem males’ and

‘Bem females’ in memory performance for central pedpheral details. In order to keep
the presentation of the results for this Chapteroagise and clear as possible, the analyses

and graphs of these findings are presented in Atipén

2.2.4 Discussion

Analysis of cardiac variables indicates that th&@Bndition induced an increase in heart
rate and systolic pressure relative to the cowwatlition. These results indicate CPS
stress is a reliable physiological stress indut¢éswever, unlike previous research (e.g.
Lovallo 1975) CPS stress dmbt show a differential rise in cortisol level compéte the
control condition. One would expect that an inseem physiological arousal would
stimulate an increase in stress hormone activatfopossible reason for this will be
discussed below. Heart rate did not vary by ghidese. However, systolic pressure
showed a significant decrease as the slide pragentaogressed. However, this variation
did not indicate that the emotionally arousing ghass responsible for the change in
systolic pressure; instead there was a generatdgerin systolic blood pressure from the
beginning of the slide presentation to the ender&tore this finding does not suggest that

the emotional stimulus effectively manipulated éacdsariables in the expected manner.
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The hypothesis that ‘post learning stress hormaetigadion interacts with the degree of
arousal at initial encoding to enhance memory foo#onal material’ was not supported
by results of the analysis of both free recall ssmbgnition memory scores. Post learning
stress hormone activation did not enhance memarth@emotionally arousing phase of
the presentation. Change in cortisol level betwteerf! baseline phase and a) th&*2
Baseline phase (immediately post CPS/Control cangitand b)’25 minutes post CPS’ did
not correlate with memory of emotional materiaheTresults of this experiment are in
conflict with two previous studies that have invwgated the effects of post learning
endogenous stress hormone activation on memorybtdason of emotional material.

For example, Nielson, Radtke & Jensen (1996) indyte/siological arousal in
participants by asking them to increase muscldder{sising a hand dynamometer) in
order to see how physiological arousal might affeetmory consolidation of a list of
highly imageable nouns. The authors reportedataisal induced shortly after learning
did enhance memory consolidation for the wordseyTdlso oppose those of Cahill et al.
(2003) who found an enhancing effect of post leayrstress hormone activation via CPS
stress on memory consolidation of emotional mateara also those of Andreano &
Cabhill (2005) who found a similar effect of CPSess8 on memory consolidation for
neutral material However, these results are camrwith those of Libkuman, Nichols-
Whitenead, Griffith & Thomas (1999) who found tipiysiological arousal (induced by
running energetically on a treadmill) while viewiag emotionally arousing slide

presentation also failed to enhance memory coredaia for emotional material.

Additionally, males (and ‘Bem males’) did not shemhanced memory for central details
of the emotionally arousing phase of the slide gm&stion. Females (and ‘Bem females’)
did not have enhanced memory for peripheral detdilee emotional phase of the slide

presentation. Post learning stress also did riettainemory for central and peripheral
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details for both males and females, or for ‘Bemasaand ‘Bem females’. Again these
results are in contrast to those of Cahill et2004) who found that ‘Bem males’ had

enhanced memory for central details for the ‘Emudlgphase of the slide presentation.

However, a crucial aspect of this study is thatrtede data show that participants seem
just as physiologically aroused during both tii@ad 2° Baseline phases as they were
during the CPS condition, e.g. see Figure 2.1s Tigure illustrates how heart rate for the
control participants as they are giving théft €aliva sample (i.e. thd“Baseline phase),

is equivalent to the heart rate of CPS participamisen they had their hand immersed in ice
cold water. This suggests that the saliva samgligch occurred during these phases)
may have inadvertently induced physiological stieggrticipants. Also, both the control
and CPS groups showed a significant rise in cdrtistween the ‘¥ Baseline phase’ and
the ‘2" Baseline phase’. This finding suggests that mhygical stress, inadvertently
induced by saliva sampling, may have masked tleetsfiof CPS stress hormone activation
on memory consolidation of emotional material. Pphecess of saliva sampling involved
participants having to deposit 5ml of saliva intplastic tube, in the presence of the
experimenter. Most saliva sampling techniquesirequfraction of the 5ml of saliva that
was requited in this study. The reason 5ml wasehdor this study was due to the
requirements of the assay technique that was peefion the saliva. It is reasonable to
assume that producing this amount of saliva, apadsigng it into a clear plastic tube in

the presence of an experimenter, may have beeallgatressful for participants.
Experimenter observations suggest this was the wasemany participants clearly
blushing and emanating uncomfortable body languadmeis, stress induced by saliva
sampling may have inadvertently masked the efi@c@PS stress on memory

consolidation of emotional material. Thereforegplication of this studwithout saliva
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sampling,so as to reduce the possible masking effects ofatvertent stressor, was

deemed necessary.

2.3 Experiment 2

2.3.1 Introduction

This second experiment again aimed to investigeetfects of post learning CPS stress
on memory consolidation for emotional materialalfo aimed to investigate the effects of
‘sex’ and ‘Bem sex’ on memory for central and pkeel details of emotional material

and how post learning CPS stress interacts witbetivariables. Due to the possible stress
inducing effects of saliva sampling in the firspeximent, saliva sampling and thus
cortisol analysis was excluded from this seconceerpent. This modification to the

initial experiment was made on the basis that aaampling may have inadvertently acted
as a psychological stressor, thus masking thetsftddCPS stress on memory for
emotional material. Instead of taking a saliva glenfrom participants during the two
baseline phases, participants instead complete8piledberger State and Trait anxiety
questionnaires and also a simple demographics.sestcond modification to

Experiment 2 was that participants were only gisea memory test; one week after
viewing the slide presentation. In Experimenthg, pattern of responses on the
recognition memory test one week later closely redpesponses of the initial recognition
memory test. It was clear that participants’ iny@@ memory on the free recall test (one
week later) was due to questions on the initiabgeition memory test ‘informing’ them of
certain events that took place in the slide predent. It also seemed apparent that for the
2" recognition memory test (1 week later) particigamere simply remembering

responses they gave to the initial recognition mgrest rather than actually trying to
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remember the actual slide presentation itself.whl the previous Experiment the follow
up memory tests would be performed by contactiegptdrticipants by telephone.
Experiment 2 would also measure the same cardigables as the previous study and
compare cardiac variables of Experiment 1 with ie@rdariables of Experiment 2 to
investigate whether saliva sampling did inadveiyestt as a stressor in Experiment 1.
Experiment 2 is also interested in how the emotigr@aousing slide presentation and CPS

stress affect heart rate and systolic blood pressur

2.3.2 Methods

2.3.2.1 Participants

The sample size chosen for Experiment 2 was ineteasrelation to Experiment 1 to
protect against the possibility that participantsuie not be contactable for th&'2ession
of the experiment one week lateé3ixty-nine (33 females, 36 males) students from the
University of Stirling student population were reited (using £5 as monetary incentive)
and took part in initial testing. Fourteen Papioits (9 males, 5 females) could not be
contacted by telephone for the memory tests on& Vag¢er. One individual thought their
memory would be tested during the second telepkession and thus their scores were
excluded from analysis. Therefore, there weren8dviduals (27 males: 13 Control, 14
CPS; 27 females: 14 Controls, 13 CPS) whose meseames were included in analysis.

Participants were recruited using the same crigesithe first experiment.
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2.3.2.2 Materials

The materials used in thi§d29xperiment were identical to those used in thst, fivith the
addition of the Spielberger State and Trait anxigtgstionnaires (STAI) (Speilberger
1983), which participants were asked to completéinduthe f' Baseline phase (i.e. when
their baseline heart rate and systolic blood pressas being recorded) instead of saliva
sampling. The State anxiety questionnaire alloms to establish the temporary condition
of ‘state’ anxiety, whereas the trait anxiety quiggstaire enables one to gauge the more

long-term condition of ‘trait’ anxiety. See Appecels 8 and 9.

2.3.2.3 Modifications to procedure

The procedure was identical to that of the inggberiment with some minor
modifications. Participants completed the SpegbeiState and Trait anxiety
questionnaires during the®Baseline phase’. Due to the potential psycholgitress
caused by saliva sampling in Experiment 1, salaraging was excluded from
Experiment 2. As Experiment 2 was concerned a@eeaiding inadvertently stressing
participants, it was decided to give participantsaified abbreviated version of the
AVLT to reduce the possible stress this test cpoitentially cause participants.
Participants were given 3 trials in which list Asuaad aloud to them, rather than 5. This
modification was made to make the test less mgriiaking for participants. Also
participants were explicitly informed that that lswould be read aloud to them 3 times.
This modification was made to ensure participardgslad/ not worry that the experimenter
would continue asking them to repeat back the Aigtords until they were successful in
recalling all 15 words in one trial. Such a wommgy have caused some participants to feel

psychologically stressed in Experiment 1. Thers alao no free recall memory test on
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the slide presentation 30 minutes after presemtasiod no recognition memory test on the
slide presentation 40 minutes after presentatinstead both memory tests were given one
week later when participants were contacted bytelae and administered both memory
tests over the phone. Participants’ responses rgeorded using a telephone conversation

recorder, as in Experiment 1.

2.3.2.4 .Additional analysis

As results from Experiment 1 suggested that salarapling may have inadvertently acted

as a stressor, this experiment also aimed to iigastthis further by comparing cardiac

variables from Experiment 1 with Experiment 2 asthg repeated measures ANOVA to

determine whether an ‘Experiment’ (Experiment 1/&xment 2) * ‘Experimental Phase’
nd

(‘1% Baseline phase’, ‘Slide presentation}*Baseline phase’) interaction, which may

indicate that saliva sampling did inadvertentlyate cardiac variables in Experiment 1.

2.3.3 Results

2.3.3.1 Potentially confounding variables

A one way ANOVA (corrected for multiple comparispnevealed no differences between
experimental groups on potentially confounding ailes (see Table 2.2). Reliability:
Cronbach’s Alpha was used to determine the inteeiability of both State and Trait
anxiety questionnaires and the Big 5 personaliyettisions. For State anxiety= .84, for
Trait anxietyo = .87; .for Agreeableness= .77, For Extraversiom = .81, for

Conscientiousness= .76, for Emotional stability = .83, for Intelligence. = .81.
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Table 2.2 Potentially confounding variables Experirent

Male Male Female | Female | F P

Control CPS Control | CPS

N=13 N=14 N=14 N=13
Age 22.47 24.25 21.07 25.77

635  (5.99) (322) (697) 172 018
Baseline systolid 113.31 110.89 | 120.39 | 119.22 0.77 0.52
BP (15.6) (7.82) (14.67) : (13.91) ) :
Baseline diastoli¢ 68.56 67.04 66.91 73.73 0.77 0.52
BP (14.83) (6.59) (8.01) (15.41) ) :
Baseline HR 80.68 75.55 81.00 77.24

(14.87)  (1217)  (9.8)  (10.02) 047 070
AVLT short Delay] 9.54 9.00 9.50 11.20 1.47 0.24
free recall (2.44) (2.27) (3.17) (2.53) ) '
Emotional arousa] 5.40 5.76 6.13 4.47 1.80 0.16
to SP (1.84) (2.82) (1.64) (1.64) ) :
Ex 4.50 3.06 5.07 2.59

(6.46)  (6.45) | (9.35) | (8.22) 037 0.7
Ag 15.81 12.44 18.50 14.59

(13.18) | (8.39) @ (6.69)  (so7) 113 034
Con 3.56 6.50 8.50 5.29

(5.38) | (7.11) | (6.01) | (6.27) 166 019
ES -5.63 -7.89 -8.43 -8.06

6.02)  (6.36) (5.67) (552 073 054
In 14.94 15.44 18.71 15.12

0.98) | (9.32) | (767) (84 058 063
State anxiety 1.54 4.00 1.07 7.00

9.68) | (9.69) | (10.32) (882) 046 071
Trait anxiety -14.71 -11.39 | -14.69 | -12.13 105 0.38

(10.63) (9.92) (10.85) : (10.68) ) )
Key: SD: standard deviatiorBP: blood pressureAVLT: auditory verbal learning tesgP:
slide presentatiorix: extraversionAg: agreeablenes§on: conscientiousnesgS: emotional
stability, In: intelligence. Standard deviation in parentheses.

2.3.3.2 The effect of CPS stress & the slide ptasien on cardiac variables for

Experiment 2

2.3.3.2.1 Heart Rate Experiment 2

A repeated measures ANOVA with ‘Stress Conditid@PE&/Control condition) as the

between subject factor and ‘Experimental Phasé Bdseline phase’, ‘Neutral phase of
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slide presentation’, ‘Emotional phase of slide preation’, ‘Concluding phase of slide
presentation’, ‘CPS/control phase’, and*Baseline phase’) as the within subjects factor
revealed a within subjects effect of ‘Experimerm®bbhse’ on heart rate [F(2.6, 85.6)=6.34,
p=.001]. Bonferroni pairwise comparisons revedhesl main effect was due to enhanced
heart rate for the ®1Baseline phase’ compared to the 3 phases ofittemiesentation [all
p<.003, >.001]. There was no main effect of ‘Str€sndition’ on heart rate [F(1,
33)=.001, p=.981]. There was, however, an ‘Expental Phase’ * ‘Stress Condition’
(CPS/control groups) interaction [F(2.6, 85.6)=3.78=.018] on heart rate. Looking at
Figure 2.6, one can deduce that the interactionduago heart rate for the CPS group
increasing during the ‘CPS/Control phase’, whilarteate for the Control group

decreased during the ‘CPS/Control phase’. See&b.

Figure 2.6  Heart rate for Control and CPS groups during thes® of Experiment 2.

Error bars represent +1/-1 standard error of tharme
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2.3.3.2.2 Heart rate: Experiment 1 versus ExperinZen

Data from both the CPS and Control groups from lEogheriment 1 and 2 was included in
this analysis. In order to determine whether sadi@mpling in Experiment 1 acted as a
stressor and elevated heart rate level inadveyteatlepeated measures ANOVA was
performed with ‘Experiment’ (Experiment 1/ Experime) as the between subjects factor
and ‘Experimental Phase’¥Baseline phase, ‘Slide Presentation”"*‘Baseline phase’) as
the within subject factor, revealing an ‘ExperinmieérExperimental Phase’ interaction on
heart rate [F(2,150)= 13.763, p<.001]. This intéiom was due to lower heart rate for the
1% & 2" Baseline phases in Experiment 2 than Experimdntt higher heart rate for the

‘Slide presentation phase’ in Experiment 2 thandexpent 1. There was also no main

effect of ‘Experiment’ on heart rate [F(1, 75)=.0§5.8] (see Figure 2.7).

Figure 2.7  Heart rate: Comparing Experiments 1 & 2. Error bepgesent +1/-1

standard error of the mean.
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2.3.3.2.3 .Systolic blood pressure Experiment 2

A repeated measures ANOVA with ‘Stress Conditid@PE&/Control condition) as the
between subject factor and ‘Experimental Phasé’Bdseline phase’, ‘Neutral phase of
slide presentation’, ‘Emotional phase of slide preation’, ‘Concluding phase of slide
presentation’, CPS/control phase’, antf Baseline phase’) as the within subjects factor
revealed a within subjects effect of ‘Experimermhbse’ on systolic blood pressure
[F(3.21, 106.16)=28.92, p<.001]. Bonferroni pas@icomparisons revealed that the ‘1
Baseline phase’ showed significantly lower systpliessure than all the other
experimental phases [all p<.001, >.016]. The Qadiog phase of the slide presentation
showed significantly lower systolic pressure thathithe Emotional Phase and the Neutral
Phase of the slide presentation [p=.006] and [[H.0€spectively. The was no main effect
of ‘Stress Condition’ on systolic pressure [F(1:38R4, p=.371]. There was an
‘Experimental Phase’ * ‘Stress Condition’ interacti[F(3.2, 106.16)=13.693, p=.0001] on
systolic blood pressure. A one way ANOVA revedleg interaction was due to the CPS
group having significantly elevated systolic blgm@ssure for the ‘CPS/Control phase’

than the Control group [F(1,45)=14.48, p=.0001¢(Begure 2.8).
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Figure 2.8  Systolic blood pressure during the course of Expent 2. Error bars

represent +1/-1 standard error of the mean.
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23324 Systolic pressure: Experiment 1 versygefment 2

Data from both the CPS and Control groups from lEogheriment 1 and 2 was included in
this analysis. In order to determine whether sadi@mpling in Experiment 1 acted as a
stressor and elevated heart rate level inadveyteatliepeated measures ANOVA was
performed with ‘Experiment’ (Experiment 1/ Experime) as the between subjects factor
and ‘Experimental Phase’Baseline phase, ‘Slide Presentatiofi Baseline phase’) as
the within subject factor, revealing an ‘ExperinmiérExperimental Phase’ interaction on
systolic pressure [F(2,148)= 24.782, p<.001]. A wrmy ANOVA revealed the interaction
was due to higher systolic pressure in Experimefor the ‘I Baseline phase’ [p=.001].
There was no main effect of ‘Experiment’ on syst@iiessure [F(1,74)= 1.808, p=.183]

(see Figure 2.9).
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Figure 2.9  Systolic blood pressure: Comparing Experiment 1 &R2or bars represent

+1/-1 standard error of the mean.
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2.3.33 Memory for slide presentation Experiment 2

2.3.3.3.1 Free recall memory

Repeated measures ANOVA with ‘Stress Conditioe’. (CPS/Control) as the between
subject factor and ‘Slide Phase’ (Neutral/Emotid@ahcluding) as the within subject
factor revealed a significant effect of ‘Slide Pélasn free recall memory [F(2,86)=29.78,
p<.001]. Bonferroni pairwise comparisons reveaeshter memory for the Emotional
Phase than both the Neutral [p =.008] and Conctufpr.001] phases. There was no
main effect of ‘Stress Condition’ on memory scdied,52)=.007, p=.933]. There was
also no ‘Slide Phase’ * ‘Stress Condition’ interaanton free recall memory scores
[F(2,104)=.594, p=.554]. Free recall memory scdoeshe Neutral phase were subtracted
from the memory scores for the Emotional phasedate a ‘difference score’. A one way
ANOVA revealed no difference between the CPS anati©bgroups for this ‘difference

score’ [F(1,52)=.905, p=.346]. (see Figure 2.10).

Figure 2.10 Free recall memory for the slide presentation Expent 2.Error bars

represent +1/-1 standard error of the mean.
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2.3.3.3.2 Recognition memory

Repeated measures ANOVA with ‘Stress Conditioe’. (CPS/Control) as the between
subject factor and ‘Slide Phase’ (Neutral/Emotié@ahcluding) as the within subject
factor revealed a significant effect of ‘Slide Pélasn recognition memory scores [F(2,
86)=17.57, p<.001]. Bonferroni pairwise comparsoevealed greater memory for the
Emotional phase than both the Neutral [p<.001]thiedConcluding [p=.001] phases.
There was also no main effect of ‘Stress Conditmmtecognition memory performance
[F(1,52)=.444, p=.508]. .A repeated measures ANO¥¥ealed there was no ‘Slide
Phase’ * ‘Stress Condition’ interaction on recogmtmemory scores [F(2,104)=.026,
p=.974]. Recognition memory scores for the Neythalse were subtracted from the
Emotional phase to yield a difference score. Awag ANOVA revealed no difference
between the CPS group and Control on recognitiomang for this ‘difference score’

[F(1,52)=.007, p=.386] (see Figure 2.11)

Figure 2.11 Recognition memory scores for the slide presentdExperiment 2. Error

bars represent +1/-1 standard error of the mean.
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2.3.3.3.3. Recognition memory for central detaild peripheral details Experiment 2.

Analysis of memory scores revealed no significardihgs concerning sex differences in
memory scores for emotional material. The analgisis revealed a) no sex differences in
memory for central and peripheral details, b) ritedénces between ‘Bem males’ and
‘Bem females’ in memory performance for central pedipheral details. The analysis and

graphs of these findings can be found in Appendix 8

2.3.4 Discussion Experiment 2

Cardiac data revealed that CPS stress significafelyated systolic and diastolic blood
pressure, suggesting that CPS is a reliable plogicd! stress inducer. There was also
evidence to suggest that saliva sampling duringeErent 1 may well have inadvertently
caused physiological stress to participants. Coispa of systolic pressure from both
experiments revealed an ‘Experiment’ by ‘ExperinaéRthase’ interaction. Participants in
Experiment 1 showeelevatedsystolic blood pressure during th&daseline phase (i.e. the
period when they were giving their first saliva §d@) in contrast to participants in
Experiment 2. However, there was no differencevbeh Experiment 1 and Experiment 2
in systolic pressure for the emotional arousingespresentation. Analysis of heart rate
from Experiment 1 and 2 reconfirmed this pattemtreere was also an ‘Experiment’ by
‘Experimental Phase’ interaction for heart ratdnisTinteraction was due to higher heart
rate for the T & 2" Baseline phases in Experiment 1 than Experimémnit ower heart
rate for the ‘Slide presentation phase’ in Expentriethan Experiment 2. It is important
to note that the inter-study comparison descrilf/@ was performed to illustrate
whether saliva sampling was a acting as an inaenestressor, as this type of analysis is

not a valid between subjects comparison.
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As with Experiment 1 heart rate did not vary byslphase in Experiment 2. However,
systolic pressure showed significant decreasdseaslitle presentation progressed.
However, this variation did not indicate that timagtionally arousing phase elicited the
change in both systolic and diastolic pressurdeatsthere was a general decrease in
systolic pressure from the beginning of the slicespntation to the end, rather than just a
change occurring during the emotionally arousingsgh Therefore these findings do not
suggest that emotional stimulus effectively maraped cardiac variables. The hypothesis
that post learning stress hormone activation ieteraith initial arousal at encoding to
enhance memory for emotional material was agairsmpported. There was no ‘Slide
Phase’ by ‘Stress Condition’ interaction for eitffrere recall memory or recognition
memory performance. The hypothesis that male8@n males’) would have enhance
memory for central details of emotional materiad @imat females (or ‘Bem females’)
would have enhanced memory for peripheral det&isrtional material was not
supported by recognition memory scores. CPS saileesdid not affect memory
performance for central and peripheral detailsefdrer males or females (or for ‘Bem

males’ or ‘Bem females’).

2.4 Experiment 3

2.4.1 Introduction

Comparing cardiac data from both experiments sugdehat saliva sampling may have
acted as an inadvertent stressor in Experimeiitdwever, Experiment 2 still failed to
find an enhancing effect of post-learning stressrfome activation on memory for

emotional material. It is possible that there ralp have been an inadvertent stressor in
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Experiment 2 that again masked the effects ofstnesmone activation on memory
consolidation of emotional material. In Experim@rpgarticipants completed the AVLT
which assesses short term memory. This test edjparticipants to recall a list of 15
words over a series of 3 trials. It is conceivahk participants may have found this test
psychologically stressful. Participants in Expesimh2 were also asked to complete the
Spielberger State and Trait anxiety questionnaif@ish some participants may have
found stressful as completing it may have engentifer@ings of anxiety. Considering the
above, contact was made with Professor Larry Caltéboratory at the Centre of the
Neurobiology of Learning and Memory at the Universif California, Irvine, in order to
develop a new methodology for a third experime@&hill has previously reported an
enhancing effect of post-learning stress hormotigaon (employing CPS stress as the
stress hormone activator) on memory consolidatfenmtional events (Cabhill et al.
2003). A methodology for ardaexperiment was developed in consultation withGlaill
Laboratory, in order to create an experimentalgteas free as possible from potential
inadvertent stressors. It was decided that pp&its would view the slide presentation but
would not complete any questionnaires, memory t@stieposit any saliva for analysis,
pre or post viewing, until a second session onekvater. For the Land 2° ‘Baseline
phases’ participants would simply read through mage rather than complete
questionnaires or tasks. Only after receiving fiemall and recognition memory tests on
the slide presentation one week later, would ppgit complete personality and mood
questionnaires and the AVLT. This ‘second sessio@ week later would take place face
to face rather than over the phone as in Experifderftherefore, a design for & 3
experiment was created in which all identifiablessors were removed urditter

completion of the memory tests.
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Considering the previous 2 experiments failednd it an effect of sex and ‘Bem sex’ on
memory performance for central and peripheral deitaivas decided not to analyse the
effects of sex and Bem sex on memory for centrdlmaripheral details in this third
experiment. This decision was also based on tidHtat a smaller sample size would be
chosen for this study. A pragmatic reason for cifagpa smaller size was due to time
limitations, as a substantial period of this théxsid already been devoted to ascertaining
the effects of CPS stress on memory for emotiovahts. Therefore, a smaller sample

size was chosen to allow time for other thesiscpi

2.4.2 Methods

2.4.2.1 Participants

The sample size chosen for this study was smdiser tor the previous two studies as
explained above. Thirty participants (sixteen fesaa& fourteen males) from the
University of Stirling student population were neied using £5 monetary reward as
incentive. Six Participants (3 males, 3 females)ladt not be contacted by telephone for
the memory tests one week later. Therefore, 24imdals (11 males: 5 Controls, 6 CPS;
13 females: 7 Controls, 6 CPS) completed testiParticipants were recruited using the

same criteria as the first two studies.
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2.4.2.2 Materials

The materials used in thi§ 2xperiment were identical to those used in theeEirpent 2.

2.4.2.3 Modifications to procedure

2.4.2.3.1 First session

For the first session, participants were askedt tosvn and relax and were given a
selection of current affair and popular culture amEges to have a read through. The heart
rate monitor was also attached. Cardiac perforemaras recorded for 5 minutes before
the slide presentation was presented. Immediafiedy viewing and rating the slide
presentation, participants submerged their harder ice-cold (CPS stress) or lukewarm
water. Following this, participants were againexkko sit and relax for 5 minutes and
were provided with magazines to read through ag@iardiac performance was also

recorded during this period.

2.4.2.3.2 Second session (one week later)

Participants were given the surprise free recall r@cognition memory tests on the slide
presentation. Participants were then given theifieddversion of the AVLT as in
Experiment 2. Participants then completed thegrehpaper questionnaires as in
Experiment 2. At the end of this session participavere fully debriefed as to the full

aims of the experiment. Participants were thenpmsated for taking part.
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2.4.3 Results

2.4.3.1 Potentially confounding variables

A one way ANOVA (corrected for multiple comparispnevealed no differences between

experimental groups on potentially confounding ailes (see Table 2.3)

Reliability: Cronbach’s Alpha was used to detemrine internal reliability of both State
and Trait anxiety questionnaires, and the Big Sqeality dimensions. For State anxiety
=.79; for Trait anxiety. = .87; for Agreeableness= .71; for Extraversion = .79; for

Conscientiousness= .72; for Emotional stabilitg = .73; for Intelligence. = .71.
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Table 2.3 Potentially confounding variables Experirent 3.

Male SD Male SD Female | SD Female | SD F P
Control CPS Control CPS
N=5 N=6 N=7 N=6
Age 20.50 2.64 19.67 3.78 23.50 5.5€ 18.5¢C 1.05 11819
Baseline 144.41 33.66: 160.70 35.04 169.14 50.00 155.53 31.3b44 .72
systolic BP
Baseline 78.79 14.08: 101.87 38.35 106.85 50.47 91.28 35.6564 0 .60
diastolic BP
Baseline hear{ 76.62 13.63; 80.85 18.65 87.84 11.73 86.28 6.71 0.888
rate
AVLT short
Delay free 6.50 .70 10.00 1.44 11.33 2.30 9.75 2.75 1.86 22
recall
Emotional | 5 1.58  5.40 157 533 1.86  6.60 54 111 |s7
arousal to SP
Ex -3.50 11.21: -1.33 7.09 4.40 7.70 9.67 7.99 2.283
Ag 14.50 1.291: 13.00 5.29 18.60 4.87 19.33 3.67 72410
Con 8.00 8.8321 1.67 5.13 12.40 6.34 14.5( 5.61 2.807
ES -10.75 8.342. -11.00 8.88 -12.4C 8.2¢ -6.17 7.730.60 | .63
In 21.00 3.162; 22.33 4.04 19.80 3.11 19.17 462 20567
State anxiety | -11.40 15.07 -1.00 12.Y2 -20.50 3.10-19.00 9.51 1.80 .20
Trait anxiety | 6.00 13.33 7.67 7.63 5.50 8.0 -1.75 1.5 0.78 | .53

SD: standard deviatioBP: blood pressurédVLT: auditory verbal learning tessP: slide presentatiorkX:
extraversionAg: agreeablenes§on: conscientiousnesgS: emotional stabilityJn: intelligence.
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2.4.3.2 The effect of CPS stress & the slide ptasien on cardiac variables for

Experiment 3

2.4.3.2.1 Heart rate Experiment 3

Repeated measures ANOVA with ‘Stress Condition’ $@Fontrol condition) as the
between subject factor and ‘Experimental Phasé Bdseline phase’, ‘Neutral phase of
slide presentation’, ‘Emotional phase of slide preation’, ‘Concluding phase of slide
presentation’, ‘CPS/control phase’, an8*Baseline phase’) as the between subjects
factor, revealed no within subjects effect of ‘Esipeental Phase’ on heart rate [F(2.77,
58.22)=2.32, p=.089]. There was no main effecBafess Condition’ on heart rate [F(1,
21)=.086, p=.772]. There was a significant ‘Experntal Phase’ * ‘Stress Condition’
interaction [F(2.772, 58.22)= 2.919, p=.017]. mAreiewing Figure 2.12 one can deduce
this interaction was due to a decrease in heatimahe Control group for the"®

Baseline phase’. See Figure 2.12.

Figure 2.12 Heart rate during the course of Experiment 3. Hoaos represent +1/-1

standard error of the mean.
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2.4.3.2.2. Heart rate: Comparing Experiments 1, 3 &

Data from the CPS and Control groups from Experisién2 and 3 was included in this
analysis. A repeated measures ANOVA was perfonwidd‘Experiment’ (Experiment 1/
Experiment 2/Experiment 3) as the between subfacter and ‘Experimental Phase®(1
Baseline phase, ‘Slide Presentation™ ‘Baseline phase’) as the within subject factor,
revealing an ‘Experiment’ * ‘Experimental Phasderaction on heart rate
[F(2,194)=13.315, p<.001]. One way ANOVA revealhdt a significantly greater heart
rate for the ‘Slide presentation’ in Experimentdnpared to Experiment 1 was

responsible for this interaction. There was nomediect of ‘Experiment’ on heart rate

[F(1,97)=.727, p=.486]. See Figure 2.13.

Figure 2.13 Heart rate: Comparing Experiments 1, 2 & 3. Erranslrepresent +1/-1

standard error of the mean
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2.4.3.2.3 Systolic blood pressure Experiment 3

A repeated measures ANOVA with ‘Stress Conditid@PE&/Control condition) as the
between subject factor and ‘Experimental Phasé’Bdseline phase’, ‘Neutral phase of
slide presentation’, ‘Emotional phase of slide preation’, ‘Concluding phase of slide
presentation’, CPS/control phase’, antf Baseline phase’) as the within subjects factor
revealed a within subjects effect of ‘Experimermhbse’ on systolic blood pressure
[F(1.7,35.7)=12.49, p<.001]. Bonferroni pairwisemparisons revealed that blood
pressure for the *1Baseline phase’ was lower than for the all phagéise slide
presentation [all p<.027], and the ‘CPS/Controlggdp<.001]. Systolic pressure for the
‘2" Baseline phase’ was lower than for the Neutrabptuf the slide presentation [p=.035]
and the ‘CPS/Control phase’ [p=.004]. Systolicdug@ressure was significantly greater
for the Neutral phase of the slide presentation tbathe Concluding phase [p=.008].
There was no main effect of ‘Stress Condition’ [2) =.024, p=.880] or no
‘Experimental Phase’ * ‘Stress condition’ interaction systolic blood pressure

[F(1.7,35.7)=1.594, p=.168]. See Figure 2.14.
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Figure 2.14 Systolic blood pressure during the course of Expenit 3. Error bars

represent +1/-1 standard error of the mean
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2.4.3.2.4 Systolic blood pressure: Comparing Experits 1, 2 & 3

Data from the CPS and Control groups from Experisién2 and 3 was included in this
analysis. A repeated measures ANOVA was perform#d ‘#xperiment’ (Experiment 1/
Experiment 2/Experiment 3) as the between subjactser and ‘Experimental Phase’ {1
Baseline phase’, ‘Slide Presentation?“Baseline phase’) as the within subject factor,
revealing an ‘Experiment’ * ‘Experimental Phasefaraction on heart rate [F(1.42,
135.94)=11.8, p<.001]. Bonferroni pairwise compans revealed greater systolic blood
pressure for the ‘Slide Presentation’ than either‘t™ Baseline phase’ [p<.001] or the"®2
Baseline phase’ [p<.005]. There was a main etiédExperiment’ on blood pressure
[F(1,96)=19.9, p<.001]. Pairwise comparisons ré&agtaignificantly higher systolic blood

pressure for Experiment 3 than for Experiment Exgeriment 1 for each ‘Experimental

Phase’ [all p<.001]. There was an ‘Experimentaseh* ‘Experiment’ interaction
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[F(1.42, 135.94)=12.59, p<.001] (see results sadtxperiment 2 for interaction between
Experiment 1 & Experiment 2). One can deduce fFogure 2.15 that this finding is
primarily due to enhanced systolic blood pressaretfe Slide Presentation phase in

Experiment 3 than in both Experiments 1 &2.

Figure 2.15 Systolic blood pressure: Comparing Experiments&,3 Error bars

represent +1/-1 standard error of the mean
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2.4.3.3 Memory for slide presentation

2.4.3.3.1 Free recall memory Experiment 3

A repeated measures ANOVA with ‘Stress Conditiom.(CPS/Control) as the between
subject factor and ‘Slide Phase’ (Neutral/Emotié@ahcluding) as the within subject
factor revealed a significant effect of ‘Slide Pélasn free recall memory [F(2,44)=5.948,
p=.005]. Bonferroni pairwise comparisons reveamgahificantly greater memory for the
Neutral phase than the Concluding phase [p=.0Ifgre was no main effect of ‘Stress
Condition’ on free recall memory scores [F(1,22)24] p=.278]. The analysis revealed

there was no ‘Slide phase’ * ‘Stress Conditionénaiction on free recall memory scores
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[F(2,44) =.288, p=.751]. Free recall memory scdoeshe Neutral phase were subtracted
from the Emotional phase to create a ‘differenc@ec A one way ANOVA revealed no
difference between the CPS and the Control grounisrmeasure [F(1,22)=.104 ,

p=.751]. See Figure 2.16

Figure 2.16 Free recall memory for slide presentation Experinerierror bars

represent +1/-1 standard error of the mean
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2.4.3.3.1 Recognition memory Experiment 3

A repeated measures ANOVA with ‘Stress Conditiom.(CPS/Control) as the between
subject factor and ‘Slide Phase’ (Neutral/Emotié@ahcluding) as the within subject
factor revealed a significant effect of ‘Slide Pé&lasn recognition memory [F(2,40) =
5.953, p=.005]. There was also no main effecSafess Condition’ [F(1,20) =.002,
p=.967]. There was also no ‘Slide Phase’ * ‘Expemntal Condition’ interaction on
recognition memory scores [F(2,40) =.473, p=.6Hgcognition memory scores for the
Neutral phase were subtracted from those of thetimal phase to create a ‘difference
score’. A one way ANOVA revealed no differencevibe¢n the CPS and Control group on

this measure [F(1,20)=.430, p=.519]. See Figut& 2
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Figure 2.17 Recognition memory performance for slide preseomaEixperiment 3.

Error bars represent +1/-1 standard error of tharme
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2.4.4 DiscussiorkExperiment 3

Cardiac data revealed high baseline values foit nat and systolic blood pressure. This
was not expected as the baseline periods werergsektg be as stress free for participants
as possible. However, these high baseline valassha partially due to the relatively
small sample size that was used in Experimentl8 ré&sults of heart rate and blood
pressure analysis suggest that the Emotional pifabke slide presentation did not
effectively manipulated cardiac variables. Thedifpsis that post learning stress
hormone activation interacts with initial arouséacoding to enhance memory for
emotional material was again not supported. Tha®no ‘Slide Phase’ by ‘Stress

Condition’ interaction for either free recall orcognition memory performance.
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2.5 General discussion

Comparison of cardiac variables from Experimentsit, 2 suggest that saliva sampling
may have inadvertently compromised the specific @litine first experiment: to
investigate the effect of post learning stress lomeractivation on memory performance of
emotional material. However, even with saliva slmgporemoved, the results of
Experiment 2 again failed to support the above hygsis, suggesting that the
phenomenon under investigation: ‘post learningssti@rmone activation interacts with
initial arousal at encoding to enhance memory fooonal material’, is not robust and
replicable. The methodology for Experiment 3 wasigihed in consultation with the
Cabhill laboratory to be as free from as many inathre stressors as possible for
participants. Nevertheless, the results of Expenind are also in contrast with those of
Cabhill & Alkire (2003), Cabhill et al. (2003) and Areano & Cahill (2005) who found that
post learning stress hormone activation interaatiéd initial arousal at encoding to
enhance memory for the ‘to be remembered stimullishay be argued that the stimulus
used in the present series of experiments is ribtismtly arousing in order to trigger an
interaction of ‘initial arousal’ with ‘post learnif stress hormone activation. Analysis of
cardiac variables suggests this may be the casgstdic blood pressure and heart rate
did not showing the expected variation accordinglitte phase for Experiments 1, 2 and 3.
Considering the present research was specifiqatiérested in how post learning stress
interacts with degree of arousaliitial encodingit may be argued that the stimulus used
may have been unable to produce sufficient araitgaltial encoding for the subsequent
stress hormone activation to interact with, in otdemodulate memory consolidation.
However, results of free recall and recognition mgnscores show that participants did
have enhanced memory for the Emotional phase irpagson to the other two phases,
indicating that the stimulus is sufficiently arongito enhance memory. Additionally,

Andreano & Cahill (2005) found an enhancing efi@fgbost learning CPS stress on
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memory consolidation of a relatively neutral nawat Therefore, it may not be the
stimulus per se that is the problem. Insteaday ive the fact that the emotional stimulus

and the ‘stressor’ are nuottrinsically linkedthat is responsible for this null finding.

2.5.1 Extrinsic versus intrinsic arousal to emo#bstimulus

It is possible that the stimulus inducing the pbimgical arousal is crucial in memory
consolidation for emotional material. In the thesgeriments presented here the
physiological arousal was not intrinsically linkexthe emotionally arousing stimulus, i.e.
the CPS stress bore no relationship to the slidsgmtation. Libkuman, Nichols-
Whitenead, Griffith & Thomas (1999) also found teatrinsic physiological arousal
(induced by running energetically on a treadmilljiler viewing an emotionally arousing
slide presentation also failed to enhance memongaaation for emotional material.
However, Nielson, Yee & Erickson (2005) did fincdithnducing emotional arousal that
was not semantically related to the ‘to be learrgtithulus did enhance memory for that
stimulus. Therefore, the literature on the impoecgof linking arousal to the stimulus
remains unresolved and further research is needeld¢idate the importance of the

semantic relationship between the source of aramghthe emotional stimulus.

2.5.2 Future research

Future research should aim to semantically linkatwisal inducer to the stimulus ‘to be
remembered, in order to determine if this methagldraater success at finding an
enhancing effect of stress on memory consolidaticemotional material. Considering
cardiac data indicate that the slide presentatidmolt have any discernible effect on heart
rate and blood pressure, future research in tks stnould perhaps look at alternative

stimuli that may elicit a more robust arousal res@oin participants. The IAPS is a
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compilation of images extensively used in psychajiggical research. Images from the
IAPS (Lang et al. 1999) were employed by both mesistudies to have found support for
the phenomenon under investigation. Alternativiig, results of this study may reflect
limitations of a static slide show presentatiormasrousing stimulus. Future research
should look to employ a motion video rather thastide show as this has the capacity to be
more realistic and thus more emotionally arousitigs also possible that the emotional
material in the slide presentation was a sourcress and may have been responsible for
the enhanced memory for the Emotional phase infireats 1 and 2. Future research
should investigate this possibility by implementeagvo (emotional, neutral narrative) x
two (CPS, control) experimental design in ordeint@stigate whether the possibility that

stress induced by the emotional narrative is sefiicfor memory enhancement to occur.

2.5.3 Conclusion

The results of these three experiments suggestitba@nhancing effect of post-learning
CPS stress administration is not a robust andcapi phenomenon. The results of these
studies also suggest that the previously documesitedts of males showing enhanced
memory for central details of an emotionally aragsevent, compared to females, and
females showing enhanced memory for peripheraildetban emotionally arousing event,
compared to males, are not robust and replicaldagiena. These findings force a re-
examination of what is known about post learningsst’'s effect on memory consolidation
for emotional material. The suggestion is madduture research to employ (a)
intrinsically linked material to be remembered, glirnative visual stimuli, (c) video,

rather than static, stimulus material.
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Chapter 3. Examining the effect of C6 total spinatord transection on emotional

awareness, expressivity and memory for emotional nerial.

3 Abstract

Obijective:
To investigate whether total C6 spinal cord trarigec
1) Reduces emotional expressivity and emotional avesefor self and others

2) Impairs memory for emotional material

Method:

Twenty four spinal cord injury (SCI) patients, 2@k@paedic injury control (OIC) patients
(matched for age, sex and education) and 20 hegdtingyg adults participated in this
study. Participants completed the Levels of EnmaticAwareness Scale (LEAS; which is
designed to assess positive emotional expressiatyative emotional expressivity and
strength of emotional expressivity), the BerkeleypiEssivity Questionnaire (BEQ);
designed to assess positive emotional expressiatyative emotional expressivity and
strength of emotional expressivity), and viewedidespresentation depicting emotionally
arousing material. Thirty minutes following viewiof the emotionally arousing slide
presentation participants received a free recallranognition memory test of the slide

presentation.

Results:

Results of the study revealed no difference betwker3 study groups on BEQ variables.
SCI patients reported greater levels of streng#nodtional expressivity and mean
emotional expressivity after, rather then befopénal cord injury. The SCI and OIC
groups did not differ on any of the LEAS variablesnalysis of memory scores on the
slide presentation revealed no evidence that S(isléo impairment in memory for

emotional events.

Conclusion:
The mainstream view in the cognitive neuroscierfcenmtion is that spinal cord injury
impairs emotional capacities, the extent of whielreater the higher up the spinal cord

the lesion occurs. The findings of this study cadict this widely held view.
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3.1 Introduction

The prevailing view on the effect of spinal corguity on affective functioning is derived
from a seminal study by Hohmann (1966) who inteveid 25 patients with spinal cord
injury, and asked them to compare emotional feslag experienced before injury, with
equivalent post-injury experiences. The patieaported experiencing a decline in the
intensities of feelings of anger and fear; with deeline in intensity more marked the
higher the lesion was up the spinal cord (higheibles result in more acute decreases in
neural feedback from the body to the brain). Hais proved to be a remarkably
influential study; for example, the latest"(Bedition of the undergraduate Psychology
textbookAn Introduction to Brain and BehaviguiKolb & Whishaw 2005) reaffirms the
conclusion drawn by Hohmann by stating that thetemal loss is greater the higher the

lesion is up the spine (see Figure 3.1).
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Figure 3.1. Kolb & Whishaw produce the above graph in theiraductory psychology textbook
An Introduction to Brain and Behavio(2005, p.433). The graph is adapted from the wobrk

Hohmann (1966) and displays how the higher up pireeshe lesion the greater the impairment in
emotionality for anger and fear.
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Montoya and Schandry (1994) also reported impagradtional experience and heartbeat
perception in patients with spinal cord injury. iFkiewpoint also finds support from the
influential neurologist Antonio Damasio who assefadl the surveys of patients with
spinal cord damage ... have revealed some degreepaired feeling as one should have
expected given that the spinal cord [gaatial conduitfor relevant body input” (Damasio
1999, p.289). When making this assertion Damassaws upon the work of Hohmann
(1966) and Montoya & Schandry (1994). Damasio @190 289) goes on to assert “one
undisputed fact emerged in these studies: the hitpeeplacement of damage in the spinal

cord, the more impaired feeling is.”

This mainstream view has overlooked research tmafdiled to find a decrement in
emotional capacities as a result of spinal conarynj However, much of this research has
used informal qualitative designs and/or small darezes. For example, Dana’s (1921)
finding of no reported decrement in emotional feglione year after SCI, was based on
the account of only a single patient. Lowe & CHrt985), Bermond et al. (1987),
Chwalisz et al. (1988) and Bermond et al. (199&duarger samples sizes and also
reported no affect of SCI on affective state. Hesvethese studies implemented
qualitative designs similar to that of Hohmann @Q&vhereby participants were
interviewed by experimenters in a less structucethét leaving the results of the studies

more susceptible to experimenter bias.

3.1.1 Contemporary quantitative research

More recent research has implemented more quaweitasearch designs in an attempt to
investigate the effects of SCI on emotional cajpeit For example, North & O’ Carroll

(2001) tested Damasio’s somatic marker hypothd$94; 1999) (which states that bodily
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feedback to the brain can influence behaviour awistbn making) in patients with SCI
using the lowa gambling task and found no diffeeeincperformance on the task between
SCI patients and controls. O’ Carroll, Ayling, Réilly & North (2003) employed
guantitative measures to investigate whether Afigxitia (a term employed to describe
individuals who have difficulty in identifying, desbing and expressing emotion (Sifneos
1972)), was greater in spinal injury patients thga and sex matched healthy controls, and
found no difference between the two groups in Algxnia scores. Both these above
studies seem to suggest that other feedback systemstill functioning in spinal injury
patients, i.e. hormonal feedback via the bloodstraad feedback via cranial nerves and
the vagus nerve, and that these feedback routehaweyan important role to play in
perceiving, identifying and experiencing emotioro(th & O’ Carroll, 2001; O’ Carroll et
al. 2003). Additionally, Cobos et al. (2002) prasel a series of emotionally arousing
pictures to 19 spinal injured patients and 19 hgadbntrol participants matched for sex,
age and education, while simultaneously recordemythrate. Both groups showed a
significantly greater change in heart rate whikewing unpleasant pictures than while
viewing pleasant pictures, and subjective measufrasousal showed no difference
between both groups. Looking within the spinalifgjgroup; the level, extension and

duration of the lesion provided no evidence foeardased emotional experience.

Despite the fact that recent investigations ofdfiects of SCI on emotional capacities
have employed more quantitative designs and lag®ple sizes, the view originally
inspired by Hohmann (1966), and most strongly eselbby the prominent neurologist
Antonio Damasio, remains the most widely held arftliential view. The critical mass of
research which would lead to this viewpoint beingroughly reconsidered and reviewed
has not yet been reached. This Chapter aims tioefumvestigate the effects of SCI on

emotional capacities by employing a quantitativeeegch design so as to negate any
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possible experimenter bias. This Chapter will @gamine, for the first time, the effects

of total spinal cord transection on memory constiah for emotional events.

3.1.2 The present study

The present study aims to extend findings of previ@search by specifically investigating
whether levels of emotional expressivity and theacity to be aware of, and identify
emotions in the self and in others, is diminisheddividuals with spinal cord injury.
Spinal cord injury (SCI) patients with a completgibn at the C6 level will be tested along
with age, sex and education matched orthopaedicyigpntrol (OIC) patients and a
sample of healthy controls (HC) drawn from Unitgrsef Stirling Psychology
undergraduates. In order to measure levels ofiemaltexpressivity and intensity of
emotional expressivity in SCI patients, particigaobmpleted the Berkeley Expressivity
Questionnaire (BEQ). In order to assess emotiawalkeness of self and of others in SCI

patients, participants also completed the LeveEmbtional Awareness Scale (LEAS).

3.1.2.1 Emotional arousal and memory for emotianaterial

This study will also examine whether spinal coathection impairs memory for
emotional material. Research has demonstrategémgtle show enhanced memory for
emotionally arousing compared to emotionally nduienuli (e.g. Cahill & McGaugh
1998). If spinal cord injury reduces the capatitype emotionally aroused in response to
an emotional event, one would therefore expect lpasph spinal cord injury to have
reduced memory for emotional events compared ttihHyemdividuals. Research suggests
that the release of stress hormones during emdijaar@using events are responsible for

enhanced memory for that event (McGaugh 2000). iReesearch concerning feedback
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from the body to the brain indicates that an affereeural system, involving the lamina 1
spinothalamocortical pathway (which representasglects of the physiological condition
of the body), enables us to perceive feelings, meodrgy levels, stress and emotional
disposition (Craig 2002). Lack of such feedbackipan emotional event (due to a
severed spinal cord) may lessen the intensity aftiemal arousal, thus reducing stress
hormone activation, which as stated above is thbtamplay a key role in memory
consolidation of emotional events. In order to te& hypothesis, SCI patients will be
shown a slide presentation containing some emdijoaeusing material and after a 30

minute delay period have their memory tested fergresentation.

3.1.2.2 Aims of study: To investigate whether cetepC6 spinal cord injury transection:

1) Reduces emotional expressivity and emotional aveseof self and others.

2) Impairs memory for emotional material

3.2 Methods

3.2.1 Participants

Twenty four SCI patients, 20 age, sex and educatiatthed OIC patients and 20 HCs
(from the Stirling University student populatiorgrficipated in this study. See Table 3.1
for age, ‘time since injury’, gender and educati@tails for each of the 3 study groups.
Power analysis was employed to determine the apiptefsample size to use in this study
using the software program GPower™. An effect eizel, with Alpha set at .05, Power
at .8 and number of between subjects groups aa8 entered into the program. This

program computed a total sample size of approximée participants as being
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appropriate for this studyDue to time limitations and the difficulties inved in

recruiting patients with SCI to take part in thisdy, a total of 64 participants were tested.

Table 3.1 Comparison of three participant groups for agee since injury’, sex and

education.
AGE (years): TSI (months) Sex Education (yealrs)
Participants
Mean SD Mean SD Male| Female Mean SD
SCI 40.96 1436 24.6 9.8 17 7 12.70 1.99
oIC 40.42 11.98 29.87 @ 4.84 12 8 12.88 2.4(
HC 20.4 2.99 N/A 9 11 14.98 1.33

Key. SCI= spinal cord injury patients, OIC= orthopaediary control patients, HC= healthy control
participants, SD= standard deviation, TSI = tinmesiinjury (months)

3.2.1.1 SCI patients

SCI patients were recruited to take part in thelysfuom Salisbury District Hospital and
Glasgow Southern General Hospital. Ethical cleeggn contact suitable patients in
Salisbury District Hospital and to inform them bétnature of the study and whether they
would like to take part was granted from the SdMest Local Research Ethics committee.
Twenty patients from Salisbury District Hospitabad from Glasgow Southern General
Hospital agreed to take part and completed theystilithe experimenter liaised with
medical staff at Salisbury District Hospital anfoirmed them of the nature and purpose of
the study. The medical staff then facilitated ékperimenter in the recruitment of suitable
SCI patients. The patients from Salisbury Distiflatspital completed the study in the
Spinal ward at the hospital. Ethical clearancedtact patients from Glasgow Southern

General Hospital was granted by the South Glasgese&ch Ethics Committee.

124



Following this, a list of suitable participants waevided by the Glasgow Southern
General Hospital Spinal Injury Unit. Patients weren contacted by telephone and
informed of the nature of the study. Patients wkpressed an interest in taking part in the
study were informed that they could participatéhi study at the Spinal Ward of Glasgow
Southern General Hospital or that the experimerdald come to their homes to complete
the study. All Glasgow Southern General Hospitdlgnts agreed to participate in the
study from their homes. Only SCI patients who warkeast six months post injury were
recruited to take part in the study, this measuwas @ ensure patients at time to come to
terms with their injury and for any emotional chesghat may have occurred as a result of

the injury, to manifest.

3.2111 Spinal-cord injury classification

Severity of spinal injury was assessed using therean Spinal Injury Association’s
standards for Neurological and Functional Classiits of Spinal Cord Injury (ASIA
1992). This method of assessment allows the @inito determine whether the SCI is
complete or incomplete and produces a number o$urea of neurological damage,
including the neurological, sensory and motor l@fehe lesion. It also permits one to
determine if there are any zones of partial preg@n. All the spinal injury patients
included in this study were assessed as havingnplete transverse lesion of the spinal
cord at the C6 level, in the absence of head trauPadients with total transection at the
C6 level were chosen for this study as the higherésion the greater the loss of bodily
feedback which is proposed to lead to reduced emaiticapacities (see Figure 3.1). The
functional consequences of a lesion at this lenetlaat the patient is rendered
quadriplegic, paralyzed from the shoulders dowmwi control over bowels and bladder.

All patients were unaware of physical sensatioomfbelow the shoulders.
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3.2.1.2 OIC & Healthy control patients

OIC patients were recruited from Salisbury disthiospital, following ethical clearance
granted by South West Local Research Ethics Comenitf wenty patients agreed to take
part, and completed the study at the hospitalerRahabilitation unit. These patients were
recruited so as to attempt to control for expemeoica traumatic injury and experience of
hospitalisation. Twenty healthy controls (HC) wegeruited from the University of

Stirling student population and were awarded coarsdits for completion of the study.

Orthopaedic control patients were patients who gradiously suffered an injury involving

a fractured or broken bone(s) requiring hospitetment, and were currently enrolled in a

rehabilitation program at Salisbury District hoapit

3.2.1.3 Exclusion criteria for all participant grps

Participants were not included in the study if they any previous history of head injury,

alcohol/drug abuse or psychiatric history.
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3.2.2 Materials

3.2.2.1 Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale (HADS) ixief self-report questionnaire
developed by Zigmond & Snaith (1983) to assesdetves of anxiety and depression
among patients in non-psychiatric hospital clinitlse HADS scale consists of 14 items (7
for each subscale). Each item is rated on a (&l sthus the maximum score for each
subscale is 21. The items do not include physiatators of psychological distress such
as headache or weight loss, which would resulalsefpositive responses due to the

medical illness. See Appendix 12 for a copy ofH#A&DS (Zigmond & Snaith 1983).

3.2.2.2 Berkeley Expressivity questionnaire

The Berkeley Expressivity Questionnaire (BEQ) (Bppendix 10) is a 16-item self report
measure of individual differences in emotional egsivity (Gross & John 1995). The
BEQ yields a total expressivity score (mean BEQJY khas three subscales: Negative
Expressivity, Positive Expressivity, and ImpulseeBgth. The Positive Expressivity
subscale is derived from responses to statemeciisasy “When I'm happy, my feelings
show.” The Negative Expressivity subscale is derivem responses to statements such
as, “Whenever | feel negative emotions, peopleszmily see exactly what I'm feeling.”
The third subscale, Impulse Strength, providesreigeg measure of experience of
emotion, and includes items such as, “l have stemgtions.” Participants are asked to
rate how true each statement is for them on a téeale ranging from 1 (strongly
disagree) to 7 (strongly agree). Scores on treethubscales correlate about .50 with one

another (Gross & John 1997). For the purposeisfstiudy SCI patients were firstly asked
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to complete the BEQ according to how they feel “raiwhis very moment, not how you
would like to see yourself in the future or how y&aw yourself in the past”. Following
this, SCI patients were then asked to complet®&#@ again but were asked to respond
“according to how you think you would have beeropto your spinal injury”. Only SCI

patients were asked to complete the second tridieoBEQ.

3.2.2.3 Levels of emotional awareness scale

The LEAS (Lane et al. 1990; see Appendix 11) isgies] to measure emotional
awareness in self and others and consists of 26thgpcal scenes. Each scene is
described in two to four sentences and involvespgeaple (Lane et al. 1990). For the
purpose of this study, 5 items were removed asdlesgribed actions C6 SCI patients
would be unable to participate in, due to the ptglgiestriction induced by their spinal
injury. For this reason they were deemed unethdaaliclude. The fifteen remaining
scenes are designed to elicit fear, anger, sa@gmeskappiness at five increasingly
complex levels (Lane & Schwartz 1987). Each séemead aloud to participants and then
they are asked to respond to the questions: “Hawld/you feel?” and “How would the
other person feel?”. A score of O is given fomremotional responses, such as a thought
or a cognitive state. A score of 1 is awardedafwareness of a physiological state (e.qg.
“I'd feel tired™). A score of 2 scores reflectglatively undifferentiated emotion (e.qg.,

“I'd feel bad”), or an action tendency (e.g., d feel like banging my head). For a
differentiated emotion, a score of 3 is rewarded eikample, “I'd feel sad”. If a
participant reports two or more opposing (e.g.waduld feel happy and sad”) or distinct
(e.g., “I would feel angry and surprised”) emat®they receive a score of 4. The total
score for each item is the larger of the two scaarsept in the case of two level four

scores, which is given a total score of five. Tdtal score from each item is summed in

128



order to generate a maximum possible total scoi® ¢Novick-Kline, Turk, Mennin,

Hoyt & Gallagher 2005). The LEAS has been showbdawseful in determining the
accuracy of alexithymic individuals in recogniziaghotion (Lane et al. 2000). Level one
scenarios cue for bodily sensations. Level twoades cue for an action tendency. Level
three scenarios cue for the experience of emotiexiaémes. Level four scenarios cue for
mixtures of emotions that are differentiated arat thay have opposing emotions
concurrently experienced. Finally, level five sagas cue for more complex and

differentiated emotion states (Novick-Kline, et2005; Lane et al. 2000).

3.2.2.4 Cahill slide presentation

For analysis purposes the slide presentation cgratigioned into three distinct phases: 1)
Neutral phase, 2) Emotional phase, 3) Concludiraseh This study is particularly
interested in comparing between groups on memarth®Emotional phase. Skkthods

Chapter 2 for full description.

3.2.2.5 Auditory Verbal Learning Test (AVLT)

SeeMethodChapter 2 for full description of AVLT. For theigpose of this study
participants were asked to repeat back the li¢boiords twice rather than five times to
make to task mentally less demanding, and to rethe&everall time of the study, so the
study would be less taxing on the SCI and OIC p#ieThis test was administered to
assess memory for neutral material so as to emiserthiree groups taking part in this study

are well matched for baseline memory ability.
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3.2.3 Procedure

During the recruitment process all SCI patientseneformed that the study was primarily
interested in examining the emotional reactionaifgmts with SCI to emotionally arousing
stimuli, and whether partial blocking of messagesifthe body to the brain, as is the case
with people with SCI, causes changes in the waytiem® are experienced. Participants
were not informed of the surprise memory testsherstide presentation, instead they were
told: “Like much psychological research the desifjthe study means that you cannot be
informed beforehand about certain minor aspectieoprocedure because it might bias the

results. However, there will be full debriefingtaé end of the session”.

SCI patients from Salisbury District hospital coeted the experiment either from their
beds or in a wheel chair in a specially designatedn. A witness (either a Nurse or
relative) signed the consent form for Salisbury g&tients. SCI patients from Glasgow
Southern General Hospital completed the studyeir ttomes. A witness (either a nurse
or relative) signed the consent form for Glasgow gaients. SCI participants responded
verbally to questionnaire questions and the expamnter recorded their responses via pen
and paper. Participants initially completed a Dgraphics questionnaire and then viewed
the Cahill slide presentation (accompanied by aficanarrative), on a laptop computer.
Participants then rated how emotionally arousimy tifought the slide presentation was
on a scale of ‘1 to 10'. ‘1’ represented not aeatotional and 10 represented “very
emotional’. Participants then completed a modifredsion of the AVLT, followed by the
LEAS, then the BEQ. Participants then completé@earecall, followed by a recognition
memory test, of the slide presentation. Partidiparere then fully debriefed to the full

aims of the study
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3.3 Results

3.3.1 Potentially confounding variables

3.3.1.1 Age

ANOVA revealed a significant difference between shedy groups for age
[F(2,63)=22.036, p<.001] (see Table 3.1). Bonferpairwise comparisons revealed no
difference between the OIC and SCI patients [pba{,did reveal that healthy controls
were significantly younger than both orthopaedintoals [p<.001] and spinal injury

patients [p<.001].

3.3.1.2 Time since injury

An independent samples t-test revealed no differém&ime since injury’ between the
OIC and SCI patients [t= 1.47, df=42 p=.153]. $able 3.1 for ‘time since injury’ means

and standard deviations of both participant groups.

3.3.1.3 Years of education

ANOVA revealed a significant difference between 3h&tudy groups for years enrolled in
full time education [F(2,63)=8.324, p=.001]. Bomémi pairwise comparisons revealed no
difference between the orthopaedic control andsfiieal injury patients [p=1] but did
reveal that healthy controls had significantly mgears enrolled in full time education

than orthopaedic controls [p=.003] and spinal yjpatients [p=.002].
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3.3.1.4 Sex

Chi-square analysis revealed no difference betwe®8 study groups in the frequency of
males to females within each groy2#$3.02, df=2, p=.221]. See Table 3.1 for frequency

values of males and females within each group

3.3.1.5 HADS

Cronbach’s Alpha was used to determine the inteeiability of the anxiety and
depression dimensions of the HADS: for HADS degioasn = 80; for HADS anxiety =
.84. A MANOVA was performed on HADS scores withdy group as the between
subjects factor and HADS anxiety and HADS depresa®the within subject variables.
Analysis revealed almost a significant main efigicstudy group for anxiety
[F(2,63)=2.919, p=.062] and a significant main effef depression [F(2,63)=13.53,
p<.001]. Bonferroni pairwise comparisons revealedlifference between the SCI and
OIC groups for either anxiety [p=1] or depressipa.59]. The HC group showed almost
significantly less anxiety than the SCI group [B4Dand significantly less depression

than both the SCI [p=.003] and OIC groups [p<.008¢e Figure 3.2.
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Figure 3.2  HADS scores for OIC, SCI and HC groups. Error bepesent +1/-1

standard error of the mean.
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3.3.1.6 AVLT

A one way ANOVA was performed on AVLT scores withdy group as the between
subjects factor and AVLT delay score as the depand®iable. The analysis revealed a
significant main effect of study group on AVLT sesq{F(2,61)= 3.34, p=.038].
Bonferroni pairwise comparisons reported signifibagreater memory for the HC group
than the SCI group for AVLT scores [p=.038]. @atlly, however, there was no

difference between SCI and OIC groups for AVLT ssoip=.348].

3.3.1.6 Summary of potentially confounding variable

For subsequent analyses in this study, concerri’§S_.and BEQ scores; age, years of full

time education, and HADS anxiety and depressiorewatered as covariates. AVLT

scores were entered as covariates for analysegwromng memory performance for the

emotional slide presentation.
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3.3.2 Levels of emotional awareness Scale (DEAS

Internal reliability for the LEAS scores was cakuigld separately for LEAS self, LEAS
other and LEAS total, using Cronbach’s Alpha. EBAS selfa =.80; for LEAS other
a=.79; LEAS totab =.91. A MANOVA with study group as the betweeibjsats factor,
LEAS self, LEAS other & LEAS total as the withinlgacts factor and LEAS score as the
dependent variable was performed. The analyseated an almost main effect of study
group for LEAS Self [F(2,61)=2.865, p=.066], LEASh@er [F(2,61)=2.489, p=.092], and a
significant main effect of study group for LEAS &bfF(2,61)=3.746, p<.030].

Bonferroni pairwise comparisons revealed the S@l@IC groups did not differ for LEAS
Self [p=.282], LEAS Other [p=.261], and LEAS Tosabres [p=.189]. HCs, however, did
score marginally significantly higher than SCis f@&AS Self [p=.086], but not for LEAS
Other [p=.149], and significantly higher for LEA®fHI [p<.036]. HCs and OICs did not

differ for LEAS Self [p=.604], LEAS Other [p=.958nhd LEAS total [p=.389].

Figure 3.3  LEAS scores for SCI, OIC & HC groups. Error bansresent +1/-1

standard error of the mean.
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3.3.3 Berkeley Expressivity Questionnaire (BEQ)

Internal reliability for the BEQ scores was caltathseparately for BEQ positive,
negative, strength and mean, using Cronbach’s Alpita BEQ positivex =.65; for BEQ
negativea =.45; for BEQ strength =.76; for Mean BEQ = .85. A MANOVA with

study group as the between subjects factor, anativegexpressivity, positive expressivity
and strength of expressivity as the within subjéatsors was performed. The analysis
revealed no difference between groups for Neg&wrmessivity [F(2,62)=.773, p=.467],
Positive Expressivity [F(2,62)=1.546, p=.222] ance8gth of Expressivity

[F(2,62)=1.219 p=.303] and Mean BEQ [F(2,62)=1,387.298].

Figure 3.4  BEQ scores for SCI, OIC & HC grougstror bars represent +1/-1 standard

error of the mean.
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3.3.4 Berkeley Expressivity questionnaire: Compgaarpressivity before and after injury

for patients with spinal injury

Internal reliability for the ‘pre-injury’ BEQ scoseof SCI patients was calculated
separately for BEQ positive, negative, strengthrmean, using Cronbach’s Alpha. For
BEQ positivea =.46; for BEQ negative =.59; for BEQ strength =.70; for mean BEQ
=.91. Paired sample tests were employed to carpBR scores before and after spinal
injury. Patients scored significantly higher fOE@ Strength of emotional expressivity
[p=.009] and for Mean BEQ emotional expressivity.[p01]after spinal cord injury than
beforeinjury. No significant differences were found BEQ Negative and Positive
emotional expressivity when comparing before aner apinal injury; [p=.238], [p=.169]

respectively.

Figure 3.5 Berkeley Emotional Expressivity: Comparing befor@a®er spinal injury.

Error bars represent +1/-1 standard error of tharme

6 -
s
32
>
S 4
o 4 O Before injury
= .
o B After injury
3 _
(]
m
2

Negative Positive Strength Mean

136



3.3.5 Free recall memory for slide presentation

Repeated measures ANOVA was preformed with studymas the between subjects
factor, slide phase as the within subjects fachor feee recall memory score as the
dependent variable. Analysis revealed an almost eféect of study group
[F(2,60)=2.853, p=.066] and a significant studyug¢ slide phase interaction
[F(4,120)=3.328, p=.013]. The main effect of ‘spigtoup’ and the almost ‘study group’ *
‘slide phase’ interaction can be explained by Bomwfig pairwise comparisons, which
reveal that SCI patients had significantly lowetatdree recall memory for thé®3
Concluding phase of the slide presentation thars&.017] and HCs [p=.005]. The
three study groups free recall memory scores didlifier for Neutral phase or the

Emotional phase of the slide presentation [all B#<l]. See Figure 3.6.
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Figure 3.6  Free recall memory for slide presentation for SMXC & HC groups. Error

bars represent +1/-1 standard error of the mean.
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3.3.6 Recognition memory for slide presentation

Repeated measures ANOVA was performed with studymas the between subjects
factor, slide phase as the within subjects fachor r@cognition memory score as the
dependent variable. Analysis revealed no maircetiestudy group [F(2,57)= 1.954,
p=.151] and no study group * slide phase interactit{4,114)= 1.41, p=.234] on

recognition memory scores.
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Figure 3.7

Recognition memory for slide presentation for SIIC & HC groups.

Error bars represent +1/-1 standard error of tharme
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3.4 Discussion

3.4.1 Emotional awareness & expressivity

The key comparison was between SCI and OIC patsrdghe analyses revealed no
significant difference between these groups for BE2elf, LEAS Other and LEAS Total.
The HC group however, did score marginally sigmifity higher than the SCI for LEAS
Self and significantly higher for LEAS Total. Tleewere no differences between the HC
and OIC groups for the 3 LEAS variables. The ecnbdrscores for HCs compared to SCI
patients may be due to the fact that HC were resmtipredominantly from the University
of Stirling Psychology department and may be morafortable with articulating

emotional feelings, and also may have a wider rarig@cabulary for emotional states.
The fact that there was no difference between #yechmparison group, the OICs, and the
SCI group suggests that spinal-cord injury do@sdiminish awareness of emotion in self

and others.

The three study groups disbt differ in any of the BEQ measures. It is impottennote
that SCI patients reportepteater Strength of emotional expressivity and greateall ot
BEQ aftertheir spinal injury than before it. This findingrectly contradicts the
mainstream view advocated in the textbooks e.gnfmoduction to Brain & Behaviour
(Kolb & Whishaw, 2005) and by the influential nelagist Antonio Damasio (1994;

1999).

3.4.2 Memory
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Results of the recognition memory test yielded ifileietnce between the 3 study groups in
memory for the slide presentation. The SCI grdap did not show reduced recognition
memory for the emotionally arousing phase of tidegbresentation compared to the OIC
and HC groups. Results of the free recall memesy itevealed the SCI group did
demonstrate reduced memory & Goncluding phase of the slide presentation conapare
to OICs and HCs. However, this phase of the glidsentation does not depict any
emotional scenes, these are all containeddi,rﬂnotional phase. Therefore, it can be
concluded that SCI patients didt show reduced memory for emotional material

compared to OICs and HCs.

3.4.3 Relating this study with previous research

Previous research on the effects of SCI on ematiahhave used qualitative methods or
small samples sizes have often been overlookedaaystneam psychology and
neuroscience. In light of the findings of thiseasch it is important to reassess this
research. For example, Dana (1921), in a studylwing a single patient with a cervical
lesion, failed to detect any changes in the intgrefiemotional feelings one year after
injury. Bermond, Nieuwenhuijse, Schuerman & Fa4887) failed to show a reduction
in mood state in 42 spinal cord lesioned patiedesnos & Hakmiller (1975) asked
patients with lumbar, thoracic and cervical sptaid damage to describe their most
intense experience of anger, irritation or fearcsiinjury; and also to report their thoughts
and feelings in response to slides depicting injdeznales. The authors found no
difference in ratings of emotional arousal to thee tasks between the three spinal injury
groups. Additionally, Chwalisz, Diener & Gallagh@®©88) found spinal injured patients

reported stronger fear in their lives presently pared with pre-injury.
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Also, it is often overlooked that Hohmann (1966)his still influential study, found that
patients reported an increase in intensities dirfge of sentimentality, i.e. the propensity
to cry easily in response to emotional situatioAdditionally, Bermond, Nieuwenhuijse,
Fasotti & Schuerman (1991), in a similar design leiygd by Hohmann (1966),
interviewed 37 patients with spinal cord injurykimg them to compare the intensities of
pre-injury emotional experiences with comparableeeiences post injury. Patients also
completed self rating scales concerning possibdagés in emotional excitability.
Patient’s descriptions of their emotional experenwere categorised into somato-sensory
emotional experiences (e.g. “My blood pressure wentlood seemed to rush through my
body”) and mental emotional experiences (e.g. ‘hied to be comforted and helped by
somebody”). The authors found that the intensibiethe mental responses for fear and
anger increased after spinal cord injury and thensity of somatic responses for fear and
anger remained the same. The results from thea@ify scales clearly showed that the
majority of patients were convinced that their @ieemotional excitability has either
remained the same or increased since spinal injBmilar to the results presented in this
study, the spinal injured patients with the mosiueed bodily feelings often reported
feeling several emotions more intensely than betfoee injury. A majority of the spinal
injured subjects in the low-feedback group (i.esththat received the least bodily
feedback due to the severity of their injury) répdrincreases in the intensity of feelings
of love, joy, sentimentality, and sadness. Spmaled patients also reported increases in
the intensity of fear than those in other grougser&fore, it is improbable if perception of
autonomic arousal were critical to emotional exgare that people would experience

many emotions more strongly even after such feddbad been severely reduced.

More quantitative studies such as those by Nort' &arroll (2001), O’ Carroll et al.

(2003), Cobos et al. (2002) also suggest emotimmationing is not diminished in patients
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with SCI. More recently Nicotra, Critchley, Matki& Dolan (2005) used functional MRI
(fMRI) to scan patients with SCI, as they partitgzhin an aversive fear conditioning task.
The patients viewed four angry faces, with onéheffaces coupled with administration of
a painful electric shock to the upper arm. Wheotpssing threatening stimuli, the authors
reported that SCI patients have significantly wekkactivity in subgenual and posterior
cingulate cortices. However, the authors sugdmestthis reduced activity may cause a
predisposition towards depressive symptoms anddéeknotional control due to
maladaptive responses to aversive environmentaustirather than evidence of reduced
emotional intensity. This study also reported ainaemcement of cortical and subcortical
activity, in response to threatening stimuli, inl$@tients compared to controls. Dorsal
anterior cingulate, PAG and regions of visualsices displayed particular hyperactivity.
Interestingly, the authors point out that the dbasderior cingulate region has been shown
to be a region activated by emotional processiragn\Rlle 2002), and is active in
conscious processing of emotional feelings. Thbas propose that with reduced
feedback of autonomic responses there may be caapmey activity in the anterior
cingulate. These findings suggest that emotiartahisity in SCI patients is not in fact
dampened, and suggests that patients with SCirdaffe ofcontrol over emotion with no
evidence of a detriment in thetensityof experience of emotion. This finding, therefore
may offer an explanation for the finding in thigsis of an increase in emotional

expressivity in patients with SCI after their injusompared to pre-injury.

3.4.3 Limitations of study

A limitation of this study is that the HC particita were not well matched with SCI and
OIC patients in terms of age and education. Tisisrdpancy was due to the difficulty

recruiting older participants within the University Stirling population. However, age
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and education was statistically controlled for malgses comparing between the three
participant groups. Additionally, the critical cparison was between the SCI and OIC
groups, both these groups were closely matcheerimstof having experienced a physical
injury, having spent an equivalent amount of tim& ihospital environment as well as
being closely matched for age and education. Euesearch should also examine pre-
injury emotional expressivity in OIC patients. $hvould permit a comparison between
OIC and SCI groups for ‘difference in emotional eegsivity’ between pre and post injury

levels.

3.4.4 Conclusion

The LEAS and memory analyses and particularly ithadirig that SCI patients reported
greater strength of emotional expressivity and tgre@ean emotional expressivity after
SCI than before SCI directly contradicts the ma@estn view point advocated by Damasio
(1994, 1999) and Kolb & Whishaw (2005). Howeveisiconsistent with previous
research in the field, such as that of Bermond. ¢1887;1991) who reported that the
intensities of the mental responses for fear agetaimcreased after SCI, and Jasnos &
Hakmiller (1975) who found no difference in ratingfsanger, irritation or fear in SCI
patients from before and after injury. As Chwaksal. (1988) states; it is improbable if
perception of autonomic arousal were critical taganal experience that people would
experience many emotions more strongly even afteln &2edback had been severely
reduced. Also, as outlined by O’ Carroll et aD@3) other afferent feedback systems such
as feedback via the vagus and other cranial nemv@$ormonal feedback via the
bloodstream may play a more important role in eamati expressivity and awareness, and

memory for emotional events.

144



Chapter4  Examining sex differences in arousal tand memory for, offensive

words relating to social status, physical attractigeness and sexual reputation

Abstract

Obijective:
To investigate the following predictions:
1. Males will show greater arousal to, and enhancechang for, threatening verbal
words relating to ‘social status’.
2. Females will show greater arousal to, and enhanmesdory for, threatening verbal
words relating to ‘physical appearance’ and ‘sexapltation’.
3. Self esteem is negatively correlated with recalbotial status’ threat words in

males, and ‘physical appearance’ threat wordsrimafes.

Method

Experiment 1: Threatening verbal stimuli relating to ‘sociedts’, ‘physical appearance’,
and ‘sexual reputation’ were presented to 49 mahe57 females within the context of an
emotional Stroop task. Reaction time to each watdgory was recorded and analysed.
Memory for the words presented in the emotionad&irtask was also tested.

Experiment 2: Threatening verbal stimuli relating to ‘social sisit ‘physical appearance’,
and ‘sexual reputation’ were presented to 42 mahes55 females within the context of a
dot probe task. Reaction time to each word categass recorded and analysed. Memory

for the words presented in the dot probe task \eastasted.

Results

Results of reaction time data from both experiméaited to indicate a differential effect
of sex on emotional arousal to the threateningalestimuli. Analysis of memory scores
revealed females preferentially recalled wordstirdato ‘physical appearance’, with
partial evidence males preferentially recogniseddsaelating to ‘social status’. Females
also showed a significant negative correlation leetwself esteem and recognition

memory of threatening words relating to ‘physicapearance’.
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Conclusion

Results of both experiments provide evidence tleahary and emotional do interact in an
adaptive fashion. The limitations of both studiesl the implications of the results for

future research are also discussed.

4.1 Introduction

As outlined in Chapter 1, emotions can be regasdechemical and neural responses,
fashioned by natural selection, that increase Sarie certain situations (Nesse 1990;
Damasio 1994; 1999; Rolls 1990; 1999a; 2000). Vidw also outlines that the biological
function of emotions is to increase the capabilityleal with both aversive and agreeable
stimuli present in the environment (Nesse 1990; &im1999). Furthermore, each
emotion should relate to a particular kind of adegby significant situation that has
occurred repeatedly during the course of evolutamnl increase an individual’'s chances of
coping with that type of situation successfully §Se, 1990; Damasio, 1999). Males and
females have faced different obstacles to therosyictive success in the ancestral past,
and thus, may have developed differing types oftemal states and reactions to deal with

these different kinds of adaptively significant ipiems.

Analyses of the selective pressures that have farzdes and females were discussed in
Chapter 1. Theory was described that outlined imales are hypothesized to compete
with one another for access to social status, velseie@males are hypothesized to compete

with one another to appear physically attractive also to protect one’s sexual reputation.
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4.1.2 Emotion and Memory

As already outlined, and as stated by Hamann (2@igtional arousal, whether of an
agreeable or unpleasant nature, indicate stimatiate likely to have both immediate and
future importance to survival and reproductive gssc Therefore, having greater memory
for stimuli that elicit emotional arousal is adaptas it ensures this information is
available when needed in the future (McGaugh €@00; Rolls 2000). A vast literature
supports this showing individuals have enhanced engiior emotionally arousing
compared to material of an emotionally neutral ra{iCahill & McGaugh 1998). The
current study is interested in whether memory andt®n interact in an adaptive manner
congruent with the hypothesized sex differencebnaat above, i.e. that males will have
greater memory than females for offensive stimudjigesting they are of low status (or
incapable of achieving high status) and femaleshawve greater memory than males for

offensive words suggesting they are physically waetive and are sexually untrustworthy.

4.2.5 Aims of this Chapter

This chapter aims to assess sex differences inntaton processing of:

a) negative verbal stimuli which are hypothesizedearore offensive to females
than males i.e. words relating to ‘physical appeeeidand ‘sexual reputation’.
b) negative verbal stimuli which are hypothesizedaarore offensive to males than

females i.e. words relating to ‘social status’.

The words will be presented in a context that suijgest they are referring to

characteristics of the participant they are beiregented to. In Experiment 1, the words
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will be presented to participants via an emotidabop task, and in Experiment 2 words
will be presented via a dot probe task. Both thiasks will allow the reaction time of
participants to each word to be measured. Paatitg) memory of words presented to

them in these tasks will be tested thirty minutiésraask completion.

4.2.6 Predictions
1 Males will show greater emotional arousal to, ankdaenced memory
for, words relating to threats to ‘social status.
2 Females will show greater emotional arousal to, emfthnced
memory for, words relating to threats to ‘physiappearance’ and

‘sexual reputation’.

4.2 Experiment 1 — Emotional Stroop

4.2.1 Introduction

This study is interested in examining whether thevea predictions are correct by
presenting words to participants that will implegyhare physically unattractive, sexually
untrustworthy and of low social status (e.g. uglpmiscuous and submissive,
respectively). Words will be presented to partecigs via an emotional Stroop task. A
review of the emotional Stroop literature by Witfia, MacLeod & Mathews (1996)
describes how the emotional Stroop task is a dakparadigm designed to detect biases
in attention towards emotionally arousing wordg] &na paradigm most frequently used to
show attentional biases in anxiety patients. Hs& tequires participants to name the font
(ink) colour of words, ignoring the word itself. n® of the fundamental findings in the

emotional Stroop literature is that patients witixiaty disorders take longer to name the
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colour of offensive or threatening words (BeckealeR001). The emotional Stroop task
was deemed appropriate for the purpose of thisysisdnuch research employing this task
reveals that the relatedness of words to a persoursent’ or ‘personal’ concern explains
the findings of colour naming interference for eimoal stimuli (i.e. taking longer to name
the font colour of emotional stimuli) more so thiha general emotionality of words
(Williams, Mathews & MacLeod 1996). For examplavi & van den Hout (1993) found
participants who had fasted for twenty four hotnsveed a colour naming delay for words
that were related to food. Additionally, Mathews&ug (1993) tested patients with
general anxiety disorder (GAD), panic disorder jagehobia and controls with words
differing in their emotional valence and degreeafditedness to anxiety. The results
revealed that colour naming interference was dubdaoelatedness of words to anxiety

rather than the emotional valence of the words.

This study hypothesises that males and femalesrdiffterms of personal concern, with
males more concerned with social status, and fenveith physical appearance and sexual
reputation. Considering the emotional Stroop fetence effect seems to be the result of
colour naming interference of emotionally relevatrds it seems ideally suited for this

study.

4.2.8 Potentially confounding variables

The emotional Stroop literature reveals levelsrofiety and depression affect
performance, with research showing highly anxioukviduals and depressed individuals
showing increased emotional reaction to ‘threathsti (Williams, Mathews & MacLeod
1996). Therefore, study participants will be ast®edomplete the Spielberger Trait and

State anxiety questionnaires as well the depressiolponent of the HADS, in order to
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control for the possible effects of anxiety andréspion on emotional Stroop

performance.

4.2.2 Methods

4.2.2.1 Participants

Power analysis was used to determine the apprema@nple for this study. An effect size
of 0.4 was entered into a Power analysis softwaewgram (GPower™), in which Alpha
was set at .05, power at .80, and number of greepat 2. This program computed a total
sample size of 52 participants as being appropfiatthe 2 groups in this experimento
ensure increased statistical powsre hundred and six participants (49 males & 57
females) from the University of Stirling studentppdation were recruited to take part in
this study. Participants were recruited using £Hetary reward or course credit as
incentive for taking part. The average age ofipigents was 23.62 years (S.D. =6.8
years; Range =17-53 years). In line with previesearch (e.g. Wenzel & Holt 1999),
exclusion criteria for all participants in this dfuwere: current or previous history of
major depression, mania, psychosis, and currert pgorders (agoraphobia, social

phobia, generalised anxiety disorder, and obsessin®gulsive disorder).

4.2.2.2 Ethical approval

Ethical approval to carry out this study was grdrig the University of Stirling

Department of Psychology Ethics committee. An @ppibn with a detailed description of

the study was submitted to this committee detailivggfull aims and methodology of the
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proposed research. This committee made theiridedis approve this study after careful

analysis of this application.

4.2.2.3 Emotional Stroop

The emotional Stroop (ES) task was presented aptap computer using e-prime™
software to create the task. The words used ®Eth task were chosen based on the
hypothesized sex differences previously outling&tie three categories of words are as

follows:

a) Five words were chosen that related to physicatttawiveness and sexual
reputation: ‘ugly’, ‘fat’, ‘flabby’, ‘promiscuous’and ‘unfaithful’. These words
were categorized as Female Negative (FN) words

b) Five words were chosen that related to social staneak’, ‘submissive’,
‘pathetic’, ‘subordinate’, ‘cowardly’. The wordsane categorized as Male
Negative (MN) words.

c) Five words were also chosen of a negative naturgvhich were gender neutral:
‘selfish’, dishonest’, ‘arrogant’, ‘sly’, ‘stupid’.These words were categorized as

General Negative (GN) words. (See Appendix 13).

There was na priori reason to expect males or females to be diffeakyffended by

GN words. In her construction of the Bem sex inlentory, Bem (1974) found that the
personality characteristics that words in the Gi¢gary related to, were gender neutral,
i.e. not differentially rated as more desirablerfean than women. Thirty control words of
a neutral nature and fifteen words of a positive&onal nature (e.g. honest, generous)

were also included in the task. Positive words vireeckided as fillers so that participants
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would not become aware of the purpose of the Sttasl i.e. that the experimenter was
interested in their reaction to offensive emoticstahuli. If participants were aware that
this was the purpose of the task it is likely ao8printerference effect would not be found
as participants may deliberately increased theicentration to name the font colour of
offensive stimuli. It is this tactic of increasedfort level’ in colour naming of words that
is believed to be responsible for the null findimygmotional Stroop research involving
nonclinical samples (Williams, Mathews & MacLeo®89. The reaction times to
positive emotional stimuli were not of interestids study and were excluded from future
analysis. Each of the word categories in this erpent were matched for length, and
frequency of occurrence in the English languageguKilgariff's (1997) frequency values

(see Appendix 13).

Immediately before the Stoop task, participantseweformed that “a word would appear
on the screen in one of 4 colours (red, green, dtuellow). Your task is to confirm what
colour the word appears in by pressing the apptgpbutton below as soon as the word
appears” (there was a choice of a red, green,asideyellow buttons to press).
Participants were instructed that the words thpeaped in the task “are adjectives that
could be used to describe material things in thddvand some of them could be used to
describe you”. This was to implant the idea thatiegative words that appeared in the
task were referring to the participants themselesch of the 60 words was displayed,
one at a time, in one of 4 coloured fonts: redegrélue or yellow. Each word was
presented for 4 seconds duration, this time duratias chosen on the basis of previous
research involving the emotional Stroop (WilliarMathews & MacLeod 1996). The E-
prime™ software was programmed to display each®60 words once, and in a random
order. Also, the colour each word appeared inraadomised for each trial. See

appendix 13 for full list of all words used in enaotal Stroop task. Participants were
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given 15 ‘practice trials’ to familiarise themsedweith the task before beginning the task

proper.

4.2.2.4 Rating offensiveness of words employedotional Stroop task

In order to validate that FN words are actually enoffensive to females than males, that
MN words are more offensive to males than femaled,that GN are not differentially
offensive to males or females, the 3 different woattkgories were rated for offensiveness

by an independent sample of males and females.

These three categories of words were rated bydependent sample of 97 participants
from the University of Stirling student populati@@b Males and 62 females). Males and
females in this sample were matched for age, \thntean age of males in this sample:
22.06 (SD=5.434; Range= 17-41 years), and the mgarf females in this sample: 22.32
(SD=6.317; Range= 18-48 years). This sample weedat® rate on a scale of 1 to 10 (1 =

‘not offended at all’, and 10 = ‘very offended’):

a) How offended would you be if the following words neeused to describe you?

b) How offended would other females be if the follogvimords were used to describe
them?

c) How offended would other males be if the followingrds were used to describe
them?

The results of this rating experiment are displaipetthe results section.
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4.2.2.4.1 Predictions for ratings of offensiveness

Based on the theory outlined previously it is expddhat males will rate MN words as
more offensive to ‘themselves’ and more offensive‘dther males’. Females,
alternatively, are predicted to rate FN words asenadfensive to ‘themselves’ and more
offensive for ‘other females’. No sex differenoeoiffensiveness ratings are predicted for

GN words.

4.2.2.5 Colour blindness test

The Ishihara test for colour blindness (Ishihara7)9vas administered to participants
prior to starting the emotional Stroop task. Tthsk consists of series of pictures each
displaying a pattern of dots revealing a numbedividuals who are ‘red-green’ colour
blind see different numbers than those with norcaédur vision. This task was
administered on a laptop computer using E-primeftvsme. No individuals needed to be

excluded on the basis of failing the colour blinsihéest.

4.2.2.6 Hospital Anxiety and Depression ScHlgS)

The depression dimension of the HADS was used tsore levels of depression in the

participants. See ChapteMsthodsfor full description of HADS.

4.2.2.7 Spielberger State anxiety questionnaire

The Spielberger State anxiety questionnaire wad tssmeasure levels of state anxiety in

the participants. See Chapter 2 Experimekte2hodsfor full description.
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4.2.2.8 Spielberger Trait Anxiety questionnaire

The Spielberger Trait Anxiety questionnaire wasdusemeasure levels of trait anxiety in

the participants. See Chapter 2 Experimelte2hodsfor full description.

4.2.2.9 Procedure

Participants were not informed they would receivamary tests on the words appearing in
the emotional Stroop task. Instead they wereuostd that “certain aspects of the
procedure will not be explained to you now as ijimibias the results of the study, but
they are only minor aspects and you will receivelledebriefing at the end of the study”.
Participants then signed a consent form before tetegbthe Ishihara colour blindness
test. Participants then completed the emotioraldpttask. Following the Stroop task,
participants completed series of questionnairesgmted online: the Spielberger state
anxiety questionnaire, the Spielberger trait alyxiptestionnaire, and the HADS. After
completing the questionnaires, participants weea ihformed that they would receive a
surprise free recall memory test on the wordsapaeared in the emotional Stroop task
(excluding words that appeared in the practice @haRarticipants were provided with a
blank sheet of paper to write down as many wordfeys could remember. When
participants were unable to remember any more witiglswere given a surprise
recognition memory test. The test contained afistll the words that appeared in the
emotional Stroop task plus 60 extra ‘lures’ (i.@rds that were similar in nature to the
words appearing in the emotional Stroop task), heddor length and frequency of
occurrence in the English language. These words iigted in a randomised order on a

sheet of paper. The order of words in the taskraadomised for each participant using
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the software program Word Shuffle™ (from www.fetlam 2002). Participants were
asked to circle any words they think they mighbgruse from the emotional Stroop task
(excluding words that appeared in the practice @lodshe emotional Stroop task).

Participants were then fully debriefed as to tHesuns and rationales of the study.

4.2.3 Results

4.2.3.1 Ratings of verbal stimuli

The higher the rating scale score, the more offengie words were rated. The lower the

rating scale score the less offensive the word® weted.

(a) How offended would you be if the following weveere used to describe you?

Inter rater reliability for these word ratings wesaculated for each word category (i.e.
FN, MN and GN words) separately for females andhiates using Cronbach’s Alpha.
For inter rater reliability for FN words, =.53 for female raters, = .82 for male raters.
For MN words:a=-.61 for female raters, and-.05 for male raters. For GN words: .73
for female raters, ang=.62 for male raters. A repeated measures ANOVA peformed
on rating scale scores, with ‘sex’ as the betwedyests factor, ‘word category’ as the
within subjects factor, and rating scale scorehasdependent variable. The analysis
revealed a significant between subjects effecsex”[F(1,95)=8.741, p=.004], with
females being generally more offended than malelafrsing across word categories).
There was a significant within-subjects main effeicivord category’ [F(2,190)=102.023,
p<.001], with Bonferroni pairwise comparisons rdirgpFN and GN more offensive than

MN words: [p<.001] & [p<.001] respectively.
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The analysis also revealed a significant ‘sex’ dhel category’ interaction [F(2,190)=3.43,
p=.034]. Post hoc tests (one way ANOVAS) reved#tesiwas due to females being
significantly more offended by the FN [F(1,95)=772%=.008] and GN [F(1,95)=7.472,
p=.007] word categories than males but not difigfrom males for the MN word

category [F(1,95)=.3, p=.585]. See Figure 4.1

Figure 4.1  Self rating of negative verbal stimuli. Error baepresent +1/-1 standard

error of the mean.
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(b) How offended would other people, who are fepazdf the following words were used

to describe them?

Inter rater reliability for these word ratings wesaculated for each word category (i.e.
FN, MN and GN words) separately for females andriates using Cronbach’s Alpha.
For Inter rater reliability for FN words, =.61 for female raters, and= .43 for male
raters. For MN wordsi=.87 for female raters, and-.81 for male raters. For GN words:
a= .48 for female raters, and-.24 for male raters. A repeated measures ANOVA wa
performed on rating scale scores, with ‘sex’ asigtsveen subjects factor, ‘word

category’ as the within subjects factor and ratingle score for ‘other females’ as the
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dependent variable. The analysis revealed nofgignt between subjects effect of ‘sex’
[F(1,95)=1.906, p=.171] on offensiveness scordserd was a significant within subjects
effect of ‘word category’ [F(2,190)=78.463, p<.00Mjith Bonferroni pairwise
comparisons revealing FN words would be more offen® ‘other females’ than both

MN and GN words: [p<.001] & [p<.001] respectively.

The analysis also revealed a significant ‘sex’ bhel category’ interaction
[F(2,190)=3.446, p=.034]. A one way ANOVA reveatbds was due to female ratings for
the FN words being marginally significantly high&(1,95)=3.49, p=.065] and
significantly higher for GN [F(1,95)=7.472, p=.00#brds than male ratings but with no
difference in male and female ratings for the MNravoategory [F(1,95)=.3, p=.585]. See

Figure 4.2.

Figure 4.2  Ratings of how offensive the stimuli would be thet people, who are

female. Error bars represent +1/-1 standard efrtire mean.
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(c) How offended would other people, who are madeif the following words were used to

describe them?

Inter rater reliability for these word ratings wesaculated for each word category (i.e.
FN, MN and GN words) separately for females andhiates using Cronbach’s Alpha.
For Inter rater reliability for FN words, =.67 for female raters, and= .76 for male

raters. For MN wordsi=-.84 for female raters, and.73 for male raters. For GN words:
a= .25 for female raters, and-.31 for male raters. A repeated measures ANOVA wa
performed on rating scale scores, with ‘sex’ adteveen subjects factor, ‘word
category’ as the within subjects factor and ratingle score for ‘other males’ as the
dependent variable. The analysis revealed nofiignt between subjects effect of ‘sex’
[F(1,95)=.023, p=.881] on offensiveness scoreserdwas a significant within subjects
effect of ‘word category’ [F(2,190)=103.961, p<.00&ith Bonferroni pairwise
comparisons revealing MN would be more offensivéotber males’ than both FN and GN

words: [p<.001] & [p<.001] respectively.

The analysis revealed no significant ‘sex’ * ‘waraegory’ interaction [F(2,190)=2.515,

p=.084]. See Figure 4.3.
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Figure 4.3  Ratings of how offensive the stimuli would be tbet people, who are

male. Error bars represent +1/-1 standard errdremean.
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42.31.1 Summary of ratings of word categories

Thus, the analyses of the ratings of the verbaiwgtiindicate that females are more
offended by FN words than males and they belietleeio females are also more offended
by these words than males. The results did rggest that males found MN words more
offensive than females when they were asked almwtdifensive they would find MN
words personally. However, the results indicated tnales believe ‘other’ males would
find these words more offensive than females. $uggests that males recognise that
these types of words are generally offensive folesaut that perhaps are reluctant to

reveal that they find these words personally ofiens

4.2.3.2 Potentially confounding variables e €motional Stroop

A series of one way ANOVAs with ‘sex’ as the betweseibjects factor was performed on
age, trait anxiety, state anxiety and depressioresc The results are displayed in Table
4.1 below and show that age and HADS depressider diignificantly between the groups.

Internal reliability for State anxiety, Trait ankyeand HADS depression was determined
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using Cronbach’s Alpha. For State anxiety .84, for Trait anxiety = .89; for HADS

depression = .78.

Table 4.1 Analysis of potentially confounding variables.

Females (N=57) Males (N= 49)
F value P value
Mean SD Mean SD
Age 21.72 5.744 25.9 7.318 10.728 .001*4
Trait A 40.02 10.442 41.94 9.479 .951 .332
State A 34.52 9.953 38.10 8.702 3.807 .054
HADS D 1.77 1.870 4.00 2.482 20.099 .001**

Key. SD= Standard deviation. Trait A = Trait anxjeéByate A = State anxiety. HADS D = HADS

depression.

As a result of the between group differences f@, atate anxiety and HADS depression,
all future analysis comparing reaction time and msnperformance between males and

females will have these variables entered as cates:i

4.2.3.3 Emotional Stroop reaction times

Based on previous research employing the emot®Bimabp task (Egloff & Hock 2003)
trials with reaction time (RT) less than 150ms @gager than 1200 ms were excluded from
the analysis (1.5% of trials). In order to asselssther males and females differed in their
baseline RT scores, a one way ANOVA on RT for Gantrords with ‘sex’ as the between
subjects factor was performed. The analysis redead difference between males and

females in baseline RT [F(1,101)=.506, p=.479] (Seare 4.4).
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A repeated measures ANOVA was performed on reatinom (RT) scores, with ‘sex’ as
the between subjects factor, ‘word category’ asatitiein subjects factor and RT as the
dependent variable. The analysis revealed no leetsebjects effect of ‘sex’ on RT
scores [F(1,101)=.688, p=.409]. There was alswitlun subjects effect of word category
on RT scores [F(3,303)=2.03, p=.114]. There was ab ‘sex’ * ‘word category’

interaction on RT scores [F(1,101)=.023, p=.88B¢e Figure 4.4.

Figure 4.4  Reaction time to verbal stimulError bars represent +1/-1 standard error of

the mean.
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4.2.3.4 Free Recall Memory

A repeated measures ANOVA was performed on fregllree@mory scores, with ‘sex’ as
the between subjects factor, ‘word category’ asatitlein subjects factor and free recall
memory as the dependent variable. The analysesated no between subjects effect of
‘sex’ on free recall memory scores [F(1,100)=1.387.24]. There was a within subjects
effect of ‘word category’ on free recall scores3fB300)=7.814, p<.001]. Bonferroni
pairwise comparisons revealed greater memory fomBis than for MN [p<.001], GN
[p<.001], and Control words [p<.001], and greatemmory for GN [p<.001] and Control
words [p=.00] than MN words. There was, howeversex * ‘word category’ interaction

on free recall memory scores [F(3,300)=.336, p=.8].

Figure 4.5 Free recall memory for verbal stimulirror bars represent +1/-1 standard

error of the mean.
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4.2.3.5 Recognition Memory

A repeated measures ANOVA was performed on reciognihemory scores, with ‘sex’ as
the between subjects factor, ‘word category’ asiitein subjects factor and recognition
memory as the dependent variable. The analysesated no between subjects effect of
‘sex’ on recognition memory scores [F(1,96)=1.955,165]. There was a significant
within subjects effect of ‘word category’ on rec@@m memory scores [F(3,288)=4.351,
p=.005]. Bonferroni pairwise comparisons reveamggahificantly greater memory for FN
words than all other word categories [all p<.00Also, memory for MN and GN words

was greater than memory for Control words.

There was, a significant ‘sex’ * ‘word categoryt@maction on recognition memory scores
[F(3,288)=4.251, p=.006]. Univariate ANOVAs revedkhe interaction was due to
marginally significantly greater memory f6N [F(4,96)=2.776, p=.099] and significantly
greater memory for MN [F(4,96)=9.559, p=.003] wofaisfemales than males, but (non-
significantly) greater memory for GN words for mathan females [F(4,96)=.436,

p=.511]. See Figure 4.6.
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Figure 4.6  Recognition memory for verbal stimultrror bars represent +1/-1 standard

error of the mean.
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4.2.4 Discussion - Experiment 1

4.2.4.1 Ratings of verbal stimuli

The offensiveness ratings of the verbal stimuliduisethe emotional Stroop task yielded
some interesting results. When asked to rate ‘tifended would you be if the following
words were used to describe you?’ females rateéhand GN words as more offensive
to ‘themselves’ than did males. Females also raiéavords as more offensive to
‘themselves’ than MN words, but only as equallyeoSive as GN words. However, it was
not predicted that females would rate the GN wasdsore offensive than males. This
finding may be due to males being less likely tmidaking offence to an insult. The fact
that females rated FN and GN words as equally sifenwas also not predicted, however

an explanation for this is proffered below.

Contrary to the theory outlined in the introductiomales found the GN and FN words

more offensive ‘to themselves’ than the MN wordfghen asked to rate ‘how offended
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would other females be if the following words wesed to describe them?’ females also
deemed FN and GN words as more offensive to ‘ddmnles’ than did males. However,
both males and females rated the FN words as Ineing offensive to ‘other females’ than
the GN or MN words. So although females do nosa®r FN words to be more offensive
to ‘themselves’ than GN words, they do expect ‘ofhenales’ to be more offended by FN
than GN words. This finding is in line with thettied hypotheses. A similar finding
was revealed when participants were asked to nate bffended would other males be if
the following words were used to describe them®thBnales and females deemed the
MN words would be more offensive to ‘other maldsin either the FN or GN words.
Therefore, males rate MN words as not being pdatibuoffensive to them, but likely to
be very offensive to other males. These contriadistin the findings may be due to a self
serving bias on the behalf of males and femaletsyaaoting to admit to themselves that
personality traits associated with social statasitiales) and ‘physical appearance’ and
‘sexual reputation’ (for females) are importantiiem but nevertheless acknowledging

that they are likely to be important to ‘other nsalend ‘other females’ respectively.

Therefore, taken as a whole, these findings valitlee use of the verbal stimuli used in
Experiment 1. They provide evidence to supporftteeliction that females are more likely
than males to be offended by words relating to g8l appearance’ and ‘sexual
reputation’, and thus show greater emotional aildogasponse to these words, and
consequently have enhanced memory for these w@msilarly, the results provide
evidence that males will be more offended by woedsting to ‘social status’, and thus
show greater emotional arousal in response to thesds and enhanced memory for these

words.

4.2.4.2 Emotional Stroop reaction times
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The emotional Stroop reaction time data did noldyiesults in support of the outlined
hypotheses. There was no difference between raattéemales in RT for each of the
three threatening verbal stimuli categories. Adddlly, females did not show delayed RT
for FN compared to MN words, similarly, males dat show delayed RT for MN
compared to FN words. A possible short cominghef study is that the emotional Stroop
task may be too crude to detect differences in mmakreaction to coloured ‘threat’ words
within a non-clinical population. The emotionat@ip literature suggests that this may be
the case. Martin, Williams & Clark (1991) faileal find a difference in emotional Stroop
interference for threat words (e.g. pathetic & d&® between participants with high trait
anxiety, medium trait anxiety and low trait anxieti/he authors also compared a group
clinically diagnosed as anxious with a nonclinigedup matched for trait anxiety and
found a Stroop interference effect for the clinigedup but not for the high- trait anxiety
group. Mathews & MacLeod (1994) suggest that romal participants may be able to
override the tendency to be distracted by emotiasaitls. Williams, Mathews &

MacLeod (1996) suggest they achieve this by inongédeffort’ expended in naming the
colour. Due to the possible limitation of using #motional Stroop task to detect
emotional arousal within a nonclinical populatiardot probe (also called attentional
probe) task was employed in Experiment 2 to detswitional arousal to threatening

verbal stimuli.
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4.2.43 Free recall and recognition memory

The results of the free recall memory test didsugport the hypotheses outlined in this
study. Both males and females showed enhanced mdard=N words compared to all
other word categories. In fact, memory for MN wefell below that of memory for

control words for both males and females.

Recognition memory scores showed a ‘sex’ by ‘watgory’ interaction. Males and
females did not differ in their memory for Contesld GN word categories, but females
had marginally significantly greater memory for R¥rds than males and significantly
greater memory for MN words than males. Thereftre recognition memory data may
suggest that females were more emotionally arobgedfensive words relating to
‘physical appearance’ and ‘sexual reputation’ theales, with this increased arousal
enhancing memory of these words. However, theresgthmemory for females for
offensive words relating to social status is nalgaeconcilable with the hypotheses

outlined in this study.

Interestingly, male free recall and recognition roeyrfor MN words is surprisingly low.
The free recall memory test showed females withiB@antly greater memory for MN
words than males, and the recognition memory tagaled male memory for MN words
was similar to memory for control words. Considgran independent sample of males
rated MN words as beings less offensive than FS8Nmwords for ‘themselves’ but more
offensive than FN and MN words for ‘other male<yipaps there was a conscious or
unconscious effort by males to not want to ‘revéadit these words caused them offence
by recalling them in the memory tests. The fremiteand recognition memory tests were

pen and paper tests and thus there may have beedliaation to ‘hide’ from the
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examiner words that caused offence. An ‘onlineuogy test on a computer in which
participants could place a tick beside the wordy tecognised and ‘submit’ the answers
may feel more anonymous to participants than aipand paper test. This possibility is

taken into account in the design of Experiment 2.

Although females showed marginally significanthgagrer memory for FN words than
males in the recognition memory task, one canndtacke whether this is due to enhanced
memory for words relating to ‘physical appeararaeiords relating to ‘sexual
reputation’. It may be the case the females arng theeatened by the ‘physical
appearance’ words but not so much by the ‘sexymitetion’ words and that this effect is
being masked by grouping the two separate typesads into one FN category. This

shortcoming is also addressed in Experiment 2.

4.3 Experiment 2 - Dot probe task

4.3.1 Introduction

As outlined above, the emotional Stroop failed étedt any differential emotional arousal
caused by the verbal stimuli. Therefore, it wasidkd that the dot probe (or attentional
probe) task would be employed in a second studyteanpt to address this problem. The
dot probe task involves the simultaneous presemtati a ‘threat’ and ‘neutral’ word on a
computer screen. Both words disappear (typicdtisr &00 milliseconds) and a dot
appears in the previous position of one of the worlls soon as participants see the dot
they press a button to indicate the position ofdbtie Fast reaction times to dots that
appear in the position of threat words, and slaactien times to dots that appear in the

position of neutral words indicate attentional kaasl thus emotional arousal to threat
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words (MacLeod et al. 1986; Egloff & Hock 2003)herdot probe task has had success
detecting differential attention bias to threat dsmn nonclinical samples (e.g. Lipp &
Derakshan 2005; Koster et al. 2004; Mogg et al020Qipp & Derakshan (2005), for
example, found attentional bias for probes appganmmediately after the presentation of
images of threatening animals, in a nonclinical giem Koster et al. (2004) found a
sample of university students showed differentitdrational bias to threatening stimuli,
with the authors concluding the mechanism respn$ilo this attentional bias was a
‘difficulty to disengage’ from threatening materigdimilar to the emotional Stroop task,
performance on the dot probe task is affected \i$eof anxiety (e.g. Mathews &
MacLeod 1994), and depression (e.g. Gotlib et@042; with high anxious and depressed
individuals showing attentional bias towards threatds. Therefore, the same measures
employed in Experiment 1 to control for the effeatginxiety and depression on Stroop
performance were also used here to control foetfeets of anxiety and depression on

attentional bias to threat words in the probe tadkxperiment 2.

As previously mentioned, the grouping of ‘physiappearance’ and ‘sexual reputation’
threat words into one FN category in Experimentaly imave masked the effect of either
one of these sub-categories on RT and memory scdtexefore, to address this problem,
4 word categories of critical interest were credtedExperiment 2: 1) ‘physical
appearance’ words, 2) ‘sexual reputation’ wordss@gial status’ words, and 4) ‘general

negative’ words.

The possibility that males may be reluctant to eéavremembering offensive words
relating to status was also addressed for ExpetitheiThe pencil and paper recognition
memory test of Experiment 1 was replaced with aenamonymous ‘online’ format, in

which participants placed a tick besides the waindg recognised from that task then
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‘submitted’ their answers, rather than hand baekstieet to the experimenter. However,

the format of the free recall memory test remaitnedsame as is in Experiment 1.

Experiment 2 also aims to investigate how ‘seleest’ may be related to dot probe and
memory performance for the 4 word categories. @lautionary psychiatrists Stevens &
Price (2000) argue that in humans, our percepti@muoown ‘mate value’ (how desirable
we are as mates to the opposite sex) plays antedsefe in the formation of our self-
esteem. The authors state how in order to assess\m ‘mate value’ we compare
ourselves to others in terms of physical attracss, size, social status, our network of
friends etc. For males more than females, so@alis is a very important determinant of
mate value, with high status males being morecditato females than lower status
males. For females, physical attractiveness iptime determinant of ‘mate value’, with
physically attractive females being more sougterdiyy males than females considered
less physically attractive. If perceiving onesedfhaving low self esteem is linked with
low mate value, as outlined above, then one woxge:et males with low self esteem to be
more offended, and thus more emotionally arouseddwyal status’ threat words, and
consequently have greater memory for such worasngarably, one would expect
females with low self-esteem to be more emotionadbused and thus have greater

memory for ‘physical appearance’ threat words.

4.3.1.1 Predictions for Experiment 2

1) Males will have greater emotional arousal to, amga@ced memory for, words
relating to threats to ‘social status’.
2) Females will have greater emotional arousal to,earfthnced memory for,

words relating to threats to ‘physical appearamacel ‘sexual reputation’.
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3) Self esteem will negatively correlate with emotibas@usal to, and memory
performance for, ‘social status’ threat words fales.
4) Self esteem will negatively correlate with emotibm@usal to, and memory

performance for, ‘physical appearance’ threat wdodsemales.

4.3.2 Methods

4.3.2.1 Participants

Power analysis was used to determine the apprema@nple for this study. An effect size
of .4 entered into a Power analysis software prodi@Power™), in which Alpha was set
at .05, power at .80, and number of groups athis frogram computed a total sample
size of 76 participants as being appropriate fer&tgroups in this experiment.o ensure
increased statistical power, ninety seven indivisl(a5 females, 42 males) were recruited
to take part in this study. Eighty six were retzdifrom the University of Stirling student
population, using monetary reward or allocatiomadrse credits as incentive to take part.
Eleven participants were recruited from the Glas@wence Centre. The mean age of
males in the study was 20.07 yeas (SD=2.503; Rarigke 30 years), the mean age of
females was 23.85 years (SD=7.63; Range= 17-48)edhe sample size chosen for this
study was based on similar sample sizes used wopie studies of this nature (e.g. Egloff
& Hock 2003). In line with previous research (a/denzel & Holt 1999), exclusion
criteria for all participants in this study weretrgent or previous history of major
depression, mania, psychosis, and current parocdbss (agoraphobia, social phobia,

generalised anxiety disorder, and obsessive compulssorder).
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4.3.2.2 Spielberger State anxiety questionnaire

See Chapter 2, experiment 2 Methods for full desion.

4.3.2.3 Spielberger Trait Anxiety questionnaire

See Chapter 2, experiment 2 Methods for full desion.

4.3.2.3 Hospital Anxiety and Depression Sc@i¢ADS)

See Chapter 2, experiment 1 Methods for full desion.

4.3.2.4 Rosenberg Self Esteem scale

The Rosenberg self esteem scale (RSE) is one ofidisé extensively used measures of

self esteem in Health and Clinical psychology (fRdgeg 1965; Blascovich &Tomaka

1993). The RSE consists of 10 items, 5 of whighexpressions of positive self-esteem

(1,3,4,7,10) and five of negative self esteem @%9). Items are scored from 1 to 4 with

an RSE score derived by summing each item to gimebdmum of 40 or a minimum of

10. High scores indicatew self esteem. A copy is reproduced in Appendix 15

4.3.2.5 Dot Probe

The dot probe task was created using E-prime™ @xpet generating software, and was

presented on a laptop computer. Four ‘threatemirayt categories were created.
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a) Physical appearance (PA) words, consisting of:yught’, ‘flabby’,
‘unattractive’, ‘chubby’.

b) Sexual reputation (SR) words, consisting of: ‘precapus’, ‘unfaithful’,
‘adulterous’, ‘two-timing’, ‘lusty’.

c) Social status (SS) words, consisting of: ‘cowardiyeak’, ‘submissive’,
‘subordinate’, ‘pathetic’.

d) General negative (GN) words, consisting of: ‘sélfisdishonest’, ‘arrogant’, ‘sly’,

‘stupid’.

Therefore, there were 20 threat words includethéntask. One hundred additional
‘control’ words, matched for length and frequenéyocurrence in the English language
(Kilgariff 1997) were also included. This enabi&@word pairs to be presented one at a
time to each participant. A word pairing could sishof either a ‘threat’ or a ‘control’
word paired together on the screen, or of two ‘c@imvords paired together on the screen.
Word pairings were randomly created and preseut@eiticipants in a random order. For
each trial, a fixation cross appears for one secohén it disappears, two words appear on
the screen (a word pair). The words remain orstneen for 500 milliseconds (based on
guidelines outlined by Mogg et al. 1998). The veoagpear in the centre of the screen,
with one word towards the top of the screen (diyezbove the other word), and the other
word towards the bottom of the screen. Theresigage of 5cm separating each word in
the pair. After a ‘word pair’ disappears, a dopegrs in the place of one of the words. If
the dot appears in the position of a ‘threat’ watrd; referred to as eongruent trial If

the dot appears in the place of a ‘control’ worid ileemed amcongruent trial

Participants are instructed that as soon as thapjigars, to press the appropriate button
on the response box to confirm the position ofdbe Fast reaction times for dots that

appear in the position of threatening words, anw/skaction times for dots that appear in
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the position of control words (when the control @ paired with a ‘threat’ word)

indicate attentional bias towards threatening woads thus indicate emotional reaction to
threatening words. Each of the 60 word pairs wasgnted once each. Participants
performed 15 practice trials before beginning Hek tproper, so as to familiarise
themselves with the task. The complete list ohaltds (and their frequency values) used

in the dot probe task are presented in Appendix 14.

For this study participants were randomly allocdieging a random sequence generator
found at www.random.org) to complete a dot prols& ta which they would be presented
with either congruent or incongruent trials. Tliere, there were 4 between subject
experimental groups in this study: Male congrubfdle incongruent, Female congruent,

Female incongruent.

Similarly to Experiment 1, participants were insted before commencement of the dot

probe task that some of the words that appeareinask “are adjectives that could be used
to describe material things in the world, and safiem could be used to describe you”.
Again, this was a ruse to implant the idea thaseh&ords were referring to characteristics

of the participants taking part in the task.

4.3.2.6  Ratings of verbal stimuli

As in Experiment 1, the word categories used is shidy were independently rated for
offensiveness. An independent sample of 77 ppamts from the University of Stirling
student population (20 Males and 57 females) rétedvords. Males and females in this
sample were matched for age. The mean age of inales sample was 19.85 (SD=2.83;

Range= 17-30), and the mean age of females irséimgple was 21.00 years (SD=5.59;
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Range=17- 45 years). The same questions usediriment 1 were used in Experiment
2. The only difference between study 1 and 2as plarticipants would have to rate the

offensiveness of PA and SR words rather than jNsiwBrds.

4.3.2.7 Procedure

As participants were not informed they would beeréing memory tests on the words
appearing in the dot probe task, they were notifieed “certain aspects of the procedure
will not be explained to you now as they might biaes results of the study, but they are
only minor aspects and you will receive a full defing at the end of the study”.
Participants then signed a consent form and thenpted the dot probe task. Following
this they completed a series of ‘online’ questiare® the Spielberger state anxiety
questionnaire, the Spielberger trait anxiety qoesiaire, the HADS, and the Rosenberg
self esteem scale. After completing the questimasaparticipants were then informed
that they would receive a surprise free recall mgnbest on the words that appeared in the
reaction time task (excluding words that appeandtie practice phase). Participants were
provided with a blank sheet of paper to write dasmany words as they could
remember. When participants were unable to remearmemore words they were given a
surprise recognition memory test, which was presefanline’. Following completion of

the study participants were fully debriefed as®full aims and purpose of the study.
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4.3.3 Results - Experiment 2 Dot probe

4.3.3.1 Ratings of verbal stimuli

(a) How offended would you be if the following wordsengsed to describe you?

Inter rater reliability for the word ratings weralculated separately for each word category
(i.e. PA, SR, SS, GN), separately for female antematings using Cronbach’s Alph&or
inter rater reliability for PA wordsi =.9 for female raters, and= .8 for male raters. For
SR wordso=.9 for female raters, ang=.83 for male raters. For SS words: .86 for
female raters, ang=.85 for male raters. For GN words: .84 for female raters, and
a=.82 for male raters. A repeated measures ANOVA pexformed on rating scale
scores, with ‘sex’ as the between subjects fatt@rd category’ as the within subjects
factor and rating scale score as the dependerablari The analysis revealed a significant
between subjects effect of ‘sex’ [F(1,75)=20.14.001], with females being generally
more offended than males (collapsing across waebosies). There was a significant
within subjects effect of ‘word category’ [F(3,228)71, p<.001], with Bonferroni
pairwise comparisons revealing GN words ratedgsfsiantly more offensive than SR

words [p=.029]

The analysis also revealed a significant ‘sex’ bfal category’ interaction
[F(3,225)=4.891, p=.003]. To examine this intei@gta series of one way ANOVAs,
with ‘sex’ as the between subjects factor, wasqueréd on each of the word category
scores. This analysis revealed females reporgdtehievels of offensiveness for each

word category [all p<.012], however one can dedume the graph that the interaction is
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largely due to the difference between males andkesnn ratings of PA words, which is
greater than the difference between males and é&nfat all other word categories. See

Figure 4.7.

Figure 4.7  Self ratings of offensiveness of negative verbahsk. Error bars represent

+1/-1 standard error of the mean.
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(b) How offended would other people, who are fepadf the following words were used

to describe them?

Inter rater reliability for the word ratings weralculated separately for each word category
(i.e. PA, SR, SS, GN), separately for female anémetings using Cronbach’s Alph&or
inter rater reliability for PA wordsi =.96 for female raters, and= .98 for male raters.

For SR wordso=.86 for female raters, and-.91 for male raters. For SS words: .9 for
female raters, ang=.9 for male raters. For GN words: .88 for female raters, and-.89

for male raters. A repeated measures ANOVA wa®peed on rating scale scores, with
‘sex’ as the between subjects factor, ‘word catggas the within subjects factor and

rating scale score as the dependent variable.aflysis revealed a marginally significant
between subjects effect of sex [F(1,75)=2.811, §8].Qcollapsing across word

categories). There was a significant within sulsjetfect of ‘word category’
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[F(3,225)=32.429, p<.001], with Bonferroni pairwisemparisons revealing PA words
were rated significantly more offensive to ‘othenfales’ than all the other word
categories [all p<.001]. GN words were rated asenadfensive to ‘other females’ than SS
words [all p=.013]. The analysis also revealedignificant ‘sex’ * ‘word category’

interaction [F(3,225)=.406, p=.749]. See figurd.4.

Figure 4.8  How offensive the verbal stimuli would be to otlpeople, who are

femalesError bars represent +1/-1 standard error of thenme
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(c) How offended would other people, who are niageif the following words were used to

describe them?

Inter rater reliability for the word ratings weralculated separately for each word category
(i.e. PA, SR, SS, GN), separately for female anémetings using Cronbach’s Alph&or
inter rater reliability for PA wordsi =.93 for female raters, and= .91 for male raters.

For SR wordsu=.88 for female raters, and-.94 for male raters. For SS words: .88

for female raters, ang=.97 for male raters. For GN words: .9 for female raters, and
a=.84 for male raters. A repeated measures ANOVA peaformed on rating scale

scores, with ‘sex’ as the between subjects fatt@rd category’ as the within subjects
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factor and rating scale score as the dependerablari The analysis revealed a significant
between subjects effect of ‘sex’ [F(1,75)=5.505,022], with female ratings of
offensiveness of the stimuli to ‘other males’ higtiean males’ ratings (collapsing across
words categories). There was a significant withibjects effect of ‘word category’
[F(3,225)=48.386, p<.001], with Bonferroni pairwisemparisons revealing SS words
rated significantly more offensive to ‘other malésan all the other word categories [all
p<.001]. PA & GN words were rated as more likelyoe more offensive to other males
than SR words [all p<.001]. The analysis also aéaek a significant ‘sex’ * ‘word

category’ interaction [F(3,225)=3.72, p=.012]. éiss of one way ANOVAs, with sex as
the between subjects variable, for each of the watdgory groups revealed no difference
between males and females in their offensivendsgysafor SR and GN words but females
showed significantly higher offensiveness ratingsHA and SS words than males [all

p<.009]. See figure 4.9.

Figure 4.9 How offensive the verbal stimuli would be to otipeople, who are male.

Error bars represent +1/-1 standard error of tharme
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4.3.3.1. Summary of ratings of word categories

Thus, the analyses of the ratings of the verbaiwgtiindicate that females are more
offended by PA words than males. Both males anthkes believe that ‘other’ females are
also more offended by these words than males.rd@eéts did not suggest that males
found SS words more offensive than females wheyeze asked about how offensive
they would find SS words personally. However,ribsults indicated that both males and
females believe ‘other’ males would find these vgomtbre offensive than females. This
suggests that males recognise that these typesrdsware generally offensive for males

but that perhaps are reluctant to reveal that tinelythese words personally offensive.

4.3.3.2 Potentially confounding variables

43321 Four experimental groups

Internal reliability for State anxiety, Trait ankyeand HADS depression was determined
using Cronbach’s Alpha. For State anxiety .9; for Trait anxiety, = .91; for HADS
depression

a =.74. One way ANOVAs with performed on potenyiaonfounding variables, with
‘experimental group’ as the between subjects fa@ee Table 4.2). The analysis revealed
no difference between the 4 groups for HADS dejwasand State anxiety. The groups
did differ in terms of age and trait anxiety. Bemmbni pairwise comparisons revealed the
significant difference in age was due to the ‘Fen@ngruent’ group being marginally
significantly older than the ‘male congruent’ grops.075). Bonferroni pairwise
comparisons for Trait anxiety scores revealed idneifecant difference was due to the

‘Female incongruent’ group having marginally siggantly higher Trait anxiety than the
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‘Female congruent’ group (p=.073). As a resulthefse findings, Trait anxiety and age
were entered as covariates in future analysis cangacross these 4 experimental

groups.

4.3.3.2.2 Sex

One way ANOVAs were performed on potentially comfdung variables with ‘sex’ as the
between subjects factor. The analysis revealeskralifferences in HADS depression and
Trait and State anxiety, however, it did reveal dsms in the study were significantly older
than males (see Table 4.2). Therefore, for athkiranalysis comparing between sex, age

was entered as a covariate.
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Table 4.2 Summary of potentially confounding variables

Females (N= 52) Males (N= 40)
Incongruent Incongruent F P
Congruent (23) (29) Congruent (20) (20)
Mean SD Mean SD Mean SO Medgn Sp
Age 24.42 9.01 23.34 6.27 19.85 1. 20.27 3|18  3]28024*
Trait A 40.32 9.52 47.62 13.12 42.15 9.03 40.45 98|4 2.91 .04*
State A 36.04 11.20 4041 11.29 36.3 523 37.59 6 9.91.07 .37
HADS D 7.8 1.60 7.79 1.80 7.9 2.10 8.91 2.B7 1.74 164.
Total Mean = 23.85 Mean= 20.07 951 .0026*
Age (SD=7.63) (SD=2.5) : *
TOtaLTra't Mean= 44.24074 (SD=12.066) Mean=41.26 (SD=8.687135) 1.82 | .180
TOtaLState Mean= 38.389 (SD= 11.37) Mean= 36.97619 (SD=7.99] 0.46 | .495
Total Mean= 7.79629 (SD= 1.697) Mean= 8.428 (SD=2.275)| .432| .122
HADS D - - - - ' ’

Key: SD = Standard deviation. Trait A = Trait anxieByate A = State anxiety. HADS D = HADS

depression

4.3.3.3 Dot Probe reaction time analysis

Based on previous research employing the dot prasde(Egloff & Hock 2003) trials with

reaction time < 150ms or > 1200 ms were excludenh fanalysis (1.8% of trials).

4.3.33.1

Baseline Reaction time

In order to assess baseline RT, RT for responsgsotees appearing after a word pair

consisting of 2 neutral words were compared betvgeenps. A univariate ANOVA, with

‘sex’ and ‘ probe congruency’ as the between subfgators and RT for ‘Control’ stimuli
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(the baseline measure of RT) as the dependenbiar@vealed no differences in baseline
RT between males and females [F(1,88)=.028, p=,&88}etween Congruent and
Incongruent groups [F(1,88)=2.712, p=.103]. Neitlvas there as ‘sex’ * ‘probe

congruency’ interaction in baseline reaction tiroerss [F(1,88)=.043, p=.837].

Table 4.3 Baseline RT

Sex Coséfl?:ncy Mean ) N
Females Incongruent 453.02 91.62 29
Congruent 495.33 94.55 23
Total 471.73 94.42 52
Males Incongruent 461.53 106.29 20
Congruent 494.41 142.21 20
Total 477.97 125.06 40
Total Incongruent 456.49 96.89 49
Congruent 494.90 117.61 43
Total 474.44 108.2 92

4.3.3.3.2 Reaction time for threatening stimuli

A mixed factor repeated measures ANOVA, with sealés and females) and ‘probe
congruency’ (congruent and incongruent) as the éetvsubjects factors, word category
(Physical Appearance, Sexual Reputation, SocialSt&eneral Negative) as the within
subjects factors, and RT as the dependent vaneddeperformed. The analysis did not
reveal a significant ‘sex’ * ‘probe congruency' word category’ interaction on RT scores
[F(3,258)=1.984, p=.117]. There was also no méfeceof ‘sex’ [F(1,86)=.461, p=.499]

or of ‘probe congruency’ on RT scores [F(1,86)=153.223]. See Figure 4.10.
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Figure 4.10 Dot Probe reaction time scores for threateningalesbmuli. Error bars

represent +1/-1 standard error of the mean.
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4.3.3.4 Free recall memory

43.34.1

Baseline free recall memory: Males veisemales

Negative

In order to assess any potential sex differencesuticipants’ baseline free recall memory

ability, recall for the emotionally neutral ‘contravords was analysed. A one way

ANOVA with ‘sex’ as the between subjects factor dme recall memory for ‘control

words (baseline memory variable) as the dependaiehle revealed no difference

between males (N= 42, mean= .07; SD=.26) and fs1{&l=55; mean= .07; SD= .26)

[F(1,95)=.001, p=.98].
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4.3.3.4.2 Free recall memory for threatening verstanuli

A repeated measures ANOVA, with sex as the betweabjects factor, word category as
the within subjects factor, and free recall mensngre as the dependent variable was
performed. The analysis revealed a marginallyiBggmt between subjects effect of ‘sex’
on free recall memory scores [F(1,92)=3.816, p3.094ere was also a main within
subjects effect of ‘word category’ [F(3,276)=3.4p%.018]. Bonferroni pairwise
comparisons revealed greater memory for PA woras 8R [p=.097], SS [p<.001 ] and

GN [p=.012] word categories .

There was also a significant ‘word category’ * ‘sgneraction [F(3,276)=2.776, p=.042]
on free recall memory scores. A series of one Md®VAs, with sex the between
subjects factor, on each of the ‘word categoriestss, revealed the interaction was due to
marginally significantly greater memory for PA werfibr females than males
[F(1,95)=3.07, p=.083]. There were no significeifterences between the sexes on the

remaining word categories. See Figure 4.11.
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Figure 4.11 Free recall memory for threatening verbal stimiiror bars represent +1/-

1 standard error of the mean.
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4.3.3.5 Recognition memory

43.35.1 Baseline recognition memory: Males veFermales.

In order to assess any potential sex differencesuiticipants’ baseline recognition

memory ability, recognition memory for the emotittpaeutral ‘control’ words was
analysed. A one way ANOVA with ‘sex’ as the betwasebjects factor and recognition
memory for ‘control’ words (baseline memory varghs the dependent variable revealed
no difference between males (N= 42; mean= 5.36; 3B4) and females (N=44; mean=

4.7: SD= 3.4) [F(1,84)=.76,p= .39].
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4.3.35.2 Recognition memory for threatening vestiahuli

A repeated measures ANOVA, with sex as the betwabjects factor, word category as
the within subjects factor and recognition memargre as the dependent variable was
performed. The analysis revealed no between sisbgdiect of ‘sex’ on recognition
memory [F(1,94)= .459, p=.500]. There was alsonain effect of ‘word category’
[F(3,282)=1.154, p=.328] on recognition memoryhefle was a significant ‘word
category’ * ‘sex’ interaction [F(3,282)= 7.319, p81]. A series of univariate ANOVASs,
with sex as the between subjects factor, was pwaddron each of the ‘word category’
groups. This analysis revealed the interactiondvesto significantly greater memory for
PA and GN words for females than males [F(1,94P4 8, p=.027] and [F(1,94)=6.184,
p=.015] respectively but with males showing martjynsignificantly greater memory for

SS words than females [F(1,94)= 3.625, p=.06]. Sgere 4.12.

Figure 4.12 Recognition memory for threatening verbal stimEliror bars represent

+1/-1 standard error of the mean.

26 - O Males

B Females
2.2 1

1.8 4

1.4+

mean number of words
recognised

Physical Sexual Social Status General
Appearance Reputation Negative

Word Categories

188



4.3.3.6 Self esteem

4.3.3.6.1 Self esteem and reaction times

Internal reliability for Rosenberg self esteem watermined using Cronbach’s Alpha:=
.81. Rosenberg self esteem was also correlatédreatction time scores for each
experimental group: ‘female congruent’, ‘femaleangruent’, ‘male congruent’, ‘male
incongruent’. A Sharpiro Wilks test revealed RBr&s were normally distributed for each
of the experimental groups, therefore Pearsonsustadoment correlation was used to
examine the relationship between RSE and RT scgkexan be seen from Table 4.4 no

significant results were found.

Table 4.4Rosenberg self esteem and reaction time scores.

Male N=42
Female N=51 brobe RT PA RT_SR RT.SS RT_GN
Self Esteenj Congruency
Congwent g | -196  -078  -223  -198
Females oeesy P | 407 745 345 403
Mean=21
(SD=6.26) Incongruent R | 021 071  -039  -.065
N=29
Mean= 22.69
a0 p | 915 714 841 738
Conguent R [ -200 -152 -307  -214
N=,
Males Meose” P | 215 522 189 364
Mean=18.76
(SD=5.2) Incongruent R | 097 032 151  .049
N=20
Meoesn. P | s57 845 361 769

Key: RT_PA: Reaction time for ‘physical appearancetdgo RT_SR: Reaction time for ‘sexual reputatiwords.
RT_GN: Reaction time for ‘general negative’ words

189



4.3.3.6.2 Self esteem and memory

A Shapiro Wilk test on the variables listed belowlable 4.5 revealed only RSE scores
were normally distributed. Therefore a Spearmamiscorrelation was used to investigate
the relationship between RSE and free recall acolgm&tion memory for the 4 word
categories. The analysis revealed that in fem&8g& was significantly positively
correlated with recognition memory for PA wordggfhRSE means low self esteem). Self
esteem did not correlate with memory for any otherd category for either males or

females (see Table 4.5 below for analysis).

Table 4.5Rosenberg Self esteem & memory for verbal stimuli

Male N=42

Female N=51 FR PA FR SR FRSS FRGN RM PA RM SR RM_SS RM_GN
Self Esteeny

Females -079 .166 .157 .193 591 204 187  .246

Mean=21 (SD=6.26)

Males
Mean=18.76 (SD=5.2)

-281 -229 .203 -100 -280 -.154 -075 .018

R
p|584 246 270 175 39+ .150 .188  .082
R
p-071 144 108 527 073 331 .635  .909

Key: FR_PA: Free recall of ‘physical appearance’ worBR_SR: Free recall of ‘sexual reputation’ woréR_GN:
Free recall of ‘general negative’ words. RM_PAcagnition memory of ‘physical appearance’ wordd FSR:
recognition memory of ‘sexual reputation’ wordsMRSS: recognition memory of ‘social status’ word®M_GN:

recognition memory of ‘general negative, words.
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4.3.4 Discussion

4.3.4.1 Offensiveness ratings

The results of the offensiveness ratings of veshaluli showed a similar pattern to the
results found in Experiment 1. Again males rat8da®rds as relatively more offensive
for ‘other males’ than for themselves; with SR wodiemed least likely to cause offence
to ‘other males’. Similarly, females rated PA we@s relatively more offensive for ‘other
females’ than for themselves. The ratings of tibal stimuli confirmed the validity of

the stimuli for use in the dot probe task.

4.3.4.2 Reaction times

As with Experiment 1, the dot probe task failedeeeal any differential effects of the
verbal stimuli on emotional arousal for either nsade females. Research employing the
dot probe task has had more success in clinicallptpns (Mogg et al. 1998),
nevertheless it has also been used successfudistéation attentional biases in non-
clinical samples (e.g. Koster et al. 2004), and tiine reason it was chosen for this
experiment. A short coming of the dot probe tasthis study is that each ‘offensive’
stimulus was only presented once. Research ulsenddt probe task usually repeats
presentation of a set of stimuli, rather than @igjpig each ‘threat’ word once (e.g. Gotlib
et al. 2004). The reason ‘threat’ words were aidplayed once per participant in this
study was to avoid a ‘ceiling effect’ in memory foemance for threat words in the

Su bsequent memory tests.
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4.3.4.3 Memory

In line with the stated predictions, free recallmoey scores showed females had
marginally significantly greater memory for PA werthan males. Males however did not
show enhanced memory for SS words. However, nealees on the recognition memory
test were considerably different than their fremaliescores, as a significant ‘sex’ by ‘word
category’ interaction on recognition memory scam&aled. Males showed marginally
significantly greater memory for SS words than feesawith females showing
significantly greater memory for PA and GN wordartmales. As suggested in the
discussion section in experiment 1, the more anomgnmature of the recognition memory
test may have allowed males to feel more comfoetabperforming the memory test, as
their pattern of performance in the free recall seems to mirror their performance in the
recognition memory test (see Figures 4.11 and 4.E2males however, did not show
enhanced memory for SR words as predicted, busttbev enhanced memory for GN

words compared to males, which was not predicted.

4.3.4.4 Self esteem

Self esteem was shown to negatively correlate meitbgnition memory for PA words in
females, as predicted. This finding supports tfEothesis that self-esteem is more closely
tied to physical appearance in females than in snadowever, self esteem did not
correlate with any other reaction time or memorygalales. It could be argued that this
significant correlation was a chance finding asrtmber of correlations being performed
increased the probability of a Type | error ocawgri Therefore further research will be

required before one can declare the above findibgst and replicable.
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4.4  General Discussion of Experiments 1 & 2

The emotional Stroop and dot probe tasks failedetect a differential emotional reaction
between males and females to the different ‘thigatiuli. Although the literature shows
both these experimental paradigms are more suct@ssfetecting emotional reactions
when testing clinical samples, however, a possibtet coming of the use of the emotional
Stroop and dot probe tests in this study is theh &hareat’ word is only presented once.
Research employing these experimental paradignisatiyprepeats a set of stimuli, rather
than displaying each ‘threat’ word once. The redtweat’ words were only displayed
once per participant in this study was to avoideiling effect’ in memory performance for
threat words in the subsequent memory tests (uéiple exposure to the threat words

may have meant no differences in memory performamdd emerge).

The fact that females showed marginally signifibagteater recognition memory than
males for FN words in Experiment 1, and signifitagteater free recall and recognition
memory than males for PA words in Experiment Zyrgjty suggests that females are more
concerned with physical appearance than males.signdicant negative correlation
between recognition memory for PA words and seé&® may also suggest the
importance of ‘self perception of physical attreetiess’ for female self esteem and well
being. The performance of males on the more ‘ammug’ recognition memory test in
Experiment 2, coupled with how two independent dampf males rated SS threat words
as more offensive to ‘other males’ relative to tkeives, suggests that male free recall
memory scores in both experiments may not be amaiecindicator of how emotionally
arousing male participants actually found the S&dwo Male depression scores were
significantly greater than females’ in ExperimentHis may also of had a bearing on the

between sex differences in memory scores and ogetitne performance. This
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discrepancy in depression scores seems spuriare (ifas no sex differences in
Experiment 2) and future research with males anthfes matched for depression will
determine what effects, if any, the elevated degimasscores in Experiment 1 had on

reaction time and memory scores.

4.4.1 Did memory and emotion interact in an adapfashion?

Considering that physical appearance appears neoobe important for females than males;
in terms of reproductive success and self este@mesults of these experiments suggest
memory and emotion interacted in an adaptive fashieeedback on physical appearance
is important for females to enable them to modikgit appearance and in making
estimates of their own ‘mate value’. Thereforeneenbering offensive descriptions of
one’s physical appearance is an adaptive respans@lows action to be taken to modify
appearance if necessary. Similarly, if slightsimgfamale ‘status’ or ‘rank’ go unnoticed it
does not afford a male the opportunity to takeoacto modify the situation if necessary.
Results of the recognition memory test in Experitfieauggest memory and emotion

interacted in an adaptive fashion for both malesfamales.

4.4.2 Implications for future research

The finding that males rate social status ‘threattds as likely to be relatively more
offensive to other males than to themselves mag raplications for future research in
the field of individual differences and personafigychology. Participants in this study
may either be consciously or subconsciously denthagcertain personality
characteristics are important to them, while, nénadess assuming they are important for

others.
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Additionally, the difference in male memory perf@ance between the free recall tests in
Experiments 1 and 2 and the recognition memoryinestiudy 2 suggest the importance of
perceived anonymity in research of this naturelin@rquestionnaires, for example, have
an ‘anonymous’ feel to them, with the responsesagpearing’ from view once the
‘submit’ button is pressed. Participants may hags fear that the experimenter will

accidentally see their responses and ‘pass judgéomrethem.

4.4.3 Conclusion

Females showed marginally significantly greateogggtion memory than males for FN
words in Experiment 1, and significantly greateefrecall and recognition memory than
males for PA words in Experiment 2. These findiagengly suggest that females are
more concerned with physical appearance than males.recognition memory scores of
the second experiment showed a significant intena@h memory performance in the
hypothesized direction; females showed greater mgfoo ‘physical appearance’ words
with males superior memory for ‘social status’ weardrhe second experiment also showed
a significant negative correlation between recagmitnemory for ‘physical appearance’
words and self esteem in females. Thus femaldslait self esteem have better memory
for threatening stimuli relating to physical apmeae. This later result highlights the
importance of ‘self perception of physical attreetiess’ for female self esteem and well
being. The results of both experiments providel@vwte that memory and emotion do

interact in an adaptive fashion for males and paldrly females.
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Chapter 5  Investigating sex differences in memoryofr, and arousal to, cues to

emotional and sexual infidelity

Abstract

Aims
To investigate whether:
a) Males will be more emotionally aroused by and hgrneater memory for cues to a
partner'ssexualinfidelity.
b) Females will be more emotionally aroused by, anelggeater memory for, cues
to a partner'®motionalinfidelity.
c) Females in a committed relationship will show geeamotional arousal to, and

enhanced memory for, cues to sexual infidelity tfeanales not in a relationship.

Methods

Participants listened to an emotionally arousingatéve containing cues to emotional
infidelity and cues to sexual infidelity, and aBMmeutral' narrative matched for word
length and amount of information. Galvanic Skirspense (GSR) was recorded for the
duration of both narratives to give an index of éomal arousal to the infidelity cues. A
thirty minute delay period followed presentatiortlod stories, after which participants

were given a free recall memory test on both sforie

Results

Females did not show enhanced GSR activity or megifiaorcues to emotional infidelity.
Likewise, males did not display enhanced GSR agtmi memory for cues to sexual
infidelity. Males and females currently in a cortted relationship elicited greater GSR
activity in response to cues to sexual infideliyt they did not show enhanced memory
for these cues. GSR activity in response to auesxual and emotional infidelity did not

correlate with memory for those cues.
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Conclusion

The results of this experiment suggest that reggraélationship jealousy, memory and
emotion does not seem to function in a hard-wised, specific manner, instead contextual
factors may be important, such as relationshipustand individual differences in what

type of infidelity people find more emotionally aising and thus more memorable.

51 Introduction

This chapter aims to investigate whether memoryeandtion interact differently for

males and females in response to cues to infidelitg in a manner adaptive to their
reproductive success. As described in Chaptevastliterature exists supporting the
‘innate module theory’ of sexual jealousy: that naee predisposed to be upset by a mate’s
sexual infidelity, whereas women are predisposduktapset by a mate’s emotional
infidelity (e.g. Buss 2003). However, researcltsersh as Harris (e.g. 2003a) refute this
hypothesis and instead argue that there is no eledence that males and females are
innately wired to be more concerned with differfogms of infidelity. Harris contends
that contextual factors such as relationship erpeg may in fact have a more important
role to play. In a previous study Harris (2003i)rfd no difference in the degree to which
the sexes focused on the sexual versus emotiopetissof a partner’actualinfidelity.
However, greater experience with committed relatgps was positively correlated with
greater sexual jealousy over a mate’s actual ilifydor males and females. Harris
postulates that sex may become more important todavidual’'s self-concept within a

relationship as the relationship develops over time
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5.1.1 The present study

The present study is interested in how memory amokien interact in responses to cues to
sexual and emotional infidelity. Participants vo# asked to listen to a ‘neutral’ and
‘arousing’ narrative involving two people in a corntt@d relationship and imagine it is
themselves and their partner. The Arousing NamgAN) will contain cues to both
emotional and sexual infidelity, while the Neutiarrative (NN) will contain events of an
emotionally neutral nature. GSR will be recordedmb both narratives and participants
will be given a free recall memory test on bothratives after a thirty minute delay period.
GSR is a reliable indicator of sympathetic actvatof the autonomic nervous system
(Levenson 1988) and has been shown to correlateemibtional arousal with fear and
disgust producing larger responses than happihes®iison 1992). For the purpose of
this study, GSR activity will be used as a psychyspiogical index of emotional arousal.
The innate modular view of sexual jealousy predicéd males will display greater GSR
activity to, and enhanced memory for, cues to sertidelity, whereas females will

display greater GSR activity to, and enhanced mgraor cues to emotional infidelity.

The study also aims to extend findings relatinthedSocio-Cognitive stand point of sexual
jealousy. Attitudes towards sex (indexed by theuake component of the Sociosexual
Orientation Inventory, SOI) and relationship stath®se in a relationship versus those not
in a relationship), and how they affect GSR actiegihd free call memory for cues to
emotional and sexual infidelity will be examine@nly one previous known study to date
has examined the relationship between socioseyuwald sex differences in jealousy, with
no clear relationship emerging (Harris 2003b). iMialials that score highly on the SOI

(i.e. have an unrestricted SOI) require less lowesstment, commitment and emotional

bonding before engaging in sex in a relationshi;mpSon & Gangestad 1991b). They also
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tend to date partners who are more socially visile attractive and rate these traits as
more important than those scoring low on SOI (restl SOI individuals). Those with
restricted SOI scores (low SOI scores) tend tehtiaore value to personal and parenting
qualities in a potential mate and date individwai® are more responsible, faithful/loyal,

and affectionate (Simpson & Gangestad 1992).

Considering this evidence it is hypothesized thdividuals of restricted SOI will be more
distressed by the thought of a partner’'s emotiandlsexual infidelity as they attach more
importance to faithfulness and deep emotional bavittén a relationship than those of
unrestricted SOI. Those of restricted SOI are ipted to show greater GSR activity and
enhanced memory for cues to both emotional andadéxiidelity. Relationship status

will also be examined in this study. It is hypatized that infidelity cues will be more
meaningful and feel more vivid and tangible forsa@urrently engaged in a relationship
as opposed to those who are not. For this reasspredicted that those in a relationship
will have greater GSR activity and enhanced menfmrgues to both emotional and
sexual infidelity. This study is interested in wher physiological arousal and memory
interact in an adaptive fashion; are cues thait gfieater physiological arousal
remembered better? Such an effect is predictezhigyvolutionary standpoint which
argues that emotions have been designed by natleaition to help us navigate our way
through our environment in a manner adaptive forsouvival and reproduction (Damasio
1999). Enhanced memory for cues to infidelity vebloé adaptive as it mean individuals
would be able more successful at taking actiondstdcting such cues in the future and
research suggests that physiological arousal deningtional events enhances memory for

those events (McGaugh 2000).
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5.1.2 Hypotheses and predictions

1. Males will show greater GSR activity to, and entehmemory for, cues to sexual
infidelity, whereas females will display greaterR&&ctivity to, and enhanced
memory for, cues to emotional infidelity.

2. Those of restricted SOI are predicted to show gre@sR activity and enhanced
memory for cues to both emotional and sexual irifide

3. Those in a relationship will have greater GSR d@gtand enhanced memory for
cues to both emotional and sexual infidelity.

4. Cues that elicited greater GSR activity will be esnbered better.

5.2 Pilot study

In order to determine what cues are to be desigregeues to emotional infidelity and
which cues are to be designated as cues to sexigality, a preliminary study was
conducted in which participants rated ten cue® aghether they thought they were cues
indicative of emotional or sexual infidelity. Thentcues relating to infidelity used in this
study were created and identified by Shackleforu&s (1997) and employed by
Schutzwhol & Koch (2004). Schutzwhol & Koch (200d¢ntified five cues as being

more diagnostic of emotional infidelity and fiveesuas being more diagnostic of sexual
infidelity. Rather than relying on this categotina, we asked a separate sample of
University of Stirling students to rate whetherythiought each of the cues were more
indicative of cues to emotional or sexual infidelitThis modified diagnosis was then used

for future analysis involving cues to emotional aedtual infidelity in this study.
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5.2.1 Methods

5.2.1.1 Participants

Forty seven females (mean age= 20.53, SD= 2.6)vesiaty seven males (mean age=
19.79, SD= 2.2) from the University of Stirling dant population were asked to rate ten
cues relating to a partner’s imagined infidelity,kBeing either more diagnostic of
emotional infidelity or sexual infidelity. Courseetlit reward was used as incentive for
taking part. Ethical approval to carry out thigdst was granted by the University of
Stirling Department of Psychology Ethics committéen application with a detailed
description of the study was submitted to this caite® detailing the full aims and
methodology of the proposed research. This coramittade their decision to approve this

study after careful analysis of this application.

5.2.1.2 Infidelity cues

The ten cues relating to infidelity used in thigdst were identified by Shackleford & Buss

(1997) and employed by Schutzwhol & Koch (2008ge Tables 5.3 and 5.4 for cues.

5.2.1.3 Procedure

Participants were presented with the cues via alinemjuestionnaire. They were
instructed to decide whether the following cuemfwlelity related more to emotional or
sexual infidelity. Emotional infidelity was defideas a forming a close emotional
attachment involving investment of attention amaetin a member of the opposite sex

while still involved in a relationship. Sexualinhlity was defined as engaging in sexual
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activity, and being sexually attracted to, anothember of the opposite sex while still in a

relationship, without an emotional attachment is pgerson.

5.2.2 Results and Discussion

Chi square analysis was employed to determine wunet would be categorized as cues to

emotional infidelity, and what cues would be caremgul as cues to sexual infidelity. See

Table 5.1 & 5.2 for results of analysis
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Table 5.1

Ratings of cues into sexual and emotionafidelity categories.

Infidelity cues

Number of individuals who ratedesuas emotional infidelity cues and
sexual infidelity cues

Males Females
EIC SIC | x2 P EIC SIC | 2

1 Recently your partner has not wanted0 7 14 .001 26 3 6.26 .012
to go out very often with you

2 It strikes you suddenly that your 7 7 .18 911 13 19 .186 911
partner’s clothes style has suddenly
changed a lot recently

3 Recently it seems like your partner|isl9 2 19.58 .001 32 8 175 .001
only looking for reasons to argue
with you

4 Recently it seems that your partner] 1 25 22.65: .001 8 33 42.6 .001
was bored when you slept with each
other.

5 Recently your partner has difficulty| 3 19 8 .018 11 27 16.89 .001
getting sexually aroused

6 You whisper into your partner’s ear|] 19 3 37.02. .001 37 3 16.8 .001
“I love you” however, she doesn’t
respond

7 You tell your partner that you met | 5 14 37.02 .001 8 25 16.89 .001
your friend Thomas today. When shje
hears his name she becomes nervqus

8 Rather than talking about Thomas,| 4 18 6.836: .03 10 24 135¢€ .001
your partner changes the subject afd
starts telling you details of what she
did today

9 You and your partner are out togethes 7 .61 .739 19 19 4.2 121
for a meal. Although she has being
acting coldly towards you all night,
all of a sudden, she begins to act
overly affectionate towards you

10 | You and your partner come home | 1 12 8 .018 11 24 16.89 .001
after having a couple of drinks, you
kiss your partner and say that you
would like to sleep with her tonight,
however she says that he doesn't f¢el
like it tonight

Key: EIC= emotional infidelity cues, SIC= sexudfidelity cues.
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The following cues were designated cues to Emotiand Sexual infidelity, 2 cues were

excluded from this categorization.

Table 5.2 Cues to Emo

tional and Sexual infidelity

Cues to emotional infidelity

Cues to Sexual infiddly

Ambiguous cues

1) Recently your partner has not
wanted to go out very often with
you

4) Recently it seems that your
partner was bored when you sle
with each other

Hipartner’s clothes style has

2) It strikes you suddenly that yoyir

suddenly changed a lot recently

3) Recently it seems like your
partner is only looking for reason
to argue with you

5) Recently your partner has
sdifficulty getting sexually arousec

1 together for a meal. Although she

9) You and your partner are out

has being acting coldly towards
you all night, all of a sudden,
he/she begins to act overly
affectionate towards you

6) You whisper into your
partner’s ear “l love you”
however, she/he doesn't respon

7) You tell your partner that you
met your friend Thomas today.
dWhen she hears his name she
becomes nervous

8) Rather than talking about
Thomas, your partner changes tk
subject and starts telling you
details of what she did today

e

10) You and your partner come
home after having a couple of
drinks, you kiss your partner and
say that you would like to sleep
with her tonight, however she
says that she doesn't feel like it
tonight

All ten cues that were rated in this pilot studyl we included in the Arousing Narrative in

study 2. However, when analyzing GSR activity ar&mory for cues to sexual and

emotional infidelity, the 2 ambiguous cues will m&t included in analysis.
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5.3 Main study

5.3.1 Methods

5.4.1. Participants

The sample size for this study was chosen usingepawalysis. An effect size of .4 was
entered into a Power analysis software program (@&P®'), in which Alpha was set at

.05, power at .8, and number of groups at 2. program computed a total sample size of
62 participants. Thirty three females (mean aget@$ears) and twenty nine males
(mean age=23.18 years) from the University of igrstudent population were recruited

for this study using monetary and/or course craéitgrd as incentive for participation.

5.3.1.2 Infidelity cues and narratives

The cues to infidelity are embedded in a story Wmvng two people in relationship. This
format was originally employed by Schutzwohl (20p4his narrative containing the
cues to emotional and sexual infidelity is labeleel Arousing Narrative (AN). In order to
obtain baseline GSR and memory, a matched narrdi@tes neutral in terms of emotional
arousal was created. This narrative contains ®aple in a relationship, and is matched
for word length and number of distinct details (Sable 5.3). Before presentation of
either the Neutral Narrative (NN) or the AN panp&nts were instructed that “this
narrative concerns two people in a committed hetetoal relationship. The narrative will
refer to you and your partner...If you have a parpiease imagine it is you and him/her,

if you do not have a partner please imagine ibiseone you have been with in the past or
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someone you would like to be with in the futur@articipants listened to the narratives

via headphones.
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Table 5.3 Emotionally Arousing Narrative

Your partner and you want to go out tonight. Yoe laoking forward to going out
becausd recently he has not wanted to go out with you. Weuaide to drive into town to
eat in your favourite restaurant. As you are legthe house it strikes ydsuddenly that
his clothes style has suddenly changed a lot rgce¥ibu decide to drive. The whole
journey into towrB your partner overreacts to driving mistakes hekthiyou are making
even though you know you have not made any. Insdie he is only looking for reasons

to argue with you. When you must wait shorthaaed traffic light you think of last

night. It seemed [IKEIEMVESIBOICANRCRVOUISIEREWIlRSEAGHD heu also remember
5 iehacidifficui g eingISeXualyiaiol:co. Yorivar at the restaurant and get out.

While waking to the entrandgyou whisper into his ear ‘| Love you’, however, deesn’t
respond. You sit down to an empty table. Whila y@it for the waiter you chat a little.

You tell him that you met your friend Annette tolegANRCIINCINCaISINeHname he
BEEEMESIENBus. You start telling him about twesyou heard from Annette. Suddenly

your partner starts telling you details of abouate did todays iElaVoItSISpeaking
BBOUIARREEE. The waiter arrives and you ordedf While you wai® your partner
begins to act overly affectionate towards you. Wual arrives and it tastes excellent.
Following the meal you have a drink and then go éloMhen you arrive home you kiss
him in the hall and say you would like to sleephaiim tonight, hel 0 SaySIcIdoeshmiee !
KENEIBRIGAE. You watch TV together for an hoamd then go to bed, the evening is over.

Key: Pink = cues to sexual infidelity, yellow = cuesemotional infidelity, grey = ambiguous cues
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Table 5.4 Neutral Narrative

You and your partner want to drive to the parkada a walk their together. You are
looking forward to the walk as you want to spdrgebme quality time with your partner.
Your partner puts on 2brown jacket as it is a little windy. You decidewll drive. On
your way there your partn&rgives you directions as you've never been theioieef
When you must wait at a stop light you think ot laght, when you and your partrér
saw a movie together, yduboth thought it was very good. You arrive at plaek and get
out. While arriving at the entrance you whispeo iher earg | hope we get to see the
ducks in the lake. She replies “Il do too”. Youkuwagether on a lane way under some
trees. You and your partner start chatting, ydithee about how you met your friend
Michael today. Mhe two of you chat about Micha&lYou tell her about what each of
you did today. You finally arrive at the lake quartner points at eh duck s in the la8e.
You both watch the ducks swimming in the lake fovrale and are glad you got to see
them. Following this you each buy something toklin the park shop and then go home.
10 When you arrive home you ask our partner if shald/éke to watch a move with you
tonight. Your partner says she would like to. Yeatch a movie together and then go tc
bed.

The neutral narrative is matched for ‘number ofdgtwith the arousing narrative. Details are tnened 1

to 10.

5.3.1.3 Socio-sexuality inventory (SOI)

The standard version of the SOI consists of fivereport indices answered on a 9 point
scale , where 1= strongly disagree and 9=strorggea (a) number of different sexual
partners in the preceding twelve months, (b) nunolbeifferent sex partners foreseen in
next five years, (c) number of times having sexhwibmeone only one occasion, (d)
frequency of sexual fantasies involving individuaiker than your own partner, and (e)
three aggregated items tapping attitudes towargageng in casual, uncommitted sex (e.g.
“l can imagine my self being comfortable and emoycasual sex with different partners”

(Simpson & Gangestad, 1991b). Higher scores ibeliaa unrestricted SOI. Due to the
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ethical considerations of asking students to impach sensitive and confidential
information of a very personal nature it was deditteonly present them with the fifth
index of SOI; the 3 items tapping attitudes towamgaging in casual uncommitted sex
(see Appendix 16). A median split of SOI scores wsed to determine the Low and High
SOl groups. Four participants’ scores fell onrtiedlian value and they were excluded

from SOI categorization.

5.3.1.4 Galvanic skin response recording

GSR recording is a reliable autonomic indicatoswyhpathetic nervous system arousal
(Hughdahl 2001). An AD Instruments ML 116 Amp dPolwerlab™ unit connected to a
computer running Chart™ software was used to meaaual record GSR. The GSR Amp
is a fully isolated, 75Hz, constant Voltage GSR Hiiep with low voltage AC excitation
and automatic zeroing. GSR is a measure of tmsskonductance between two
electrodes. It is measured by applying a smallsfgdal through 2 electrodes, placed on
the fingers. A response is seen as a change auctance of skin over time. An increase
in conductivity arises through increased skin moistand/or pre-secretory activity of the
sweat glands. GSR can vary due to activity ofaividual’s autonomic nervous system
or more specifically, their sympathetic nervousteys(AD Instruments 1997). Electrodes
were attached to the palmar surfaces of the firdtscond fingers of the non-dominant
hand. The sampling rate was set at 10/s. GSReaeasded one minute prior to the first
narrative presentation to habituate participanisdaring the GSR cuffs. GSR was then
recorded for the duration of both the NN and ANe@anted in random order across
participants using a random number generator f@amendom.org). The experimenter
and participant listened to the narratives simaitarsly, via two separate sound proof

headphones on either side of a partition. Thegld the experimenter to event mark each
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of the cues to emotional and sexual infidelitylasytwere appeared in the AN, while

ensuring privacy for the participant.

Based on the guidelines for scoring GSR data adtlioy Martin & Venables (1980), the
GSR recordings from this study were scored in tesfreisresponse frequency score (or
responsivity score). This score was derived basetthe number of GSR responses per
narrative (an increase of .02 microsiemens, wighiise time of 2.5 seconds was the
criteria used to determine whether there was a @Sponse occurred). This method
allowed one to see whether a specific cue hadcinefiicited a GSR response. Sixteen
participants’ GSR data was excluded from analy&iséles, 9 females) due to complete

absence of GSR activity in response to the nagsitiv

5.2.1.5 Memory scores

The AN and NN were matched for word length andefeentful interactions involving
“you and your partner”. There are ten details tzet be remembered in the AN (i.e. the
10 cues to infidelity) and these are matched bydiscrete events involving the couple in
the NN. Therefore the maximum memory score obtdenfor each narrative is 10, and
the lowest is 0. Therefore the 2 ambiguous cuesnaiuded in the analysis when
comparing the AN versus the NN. However, when inglspecifically at memory for
cues to emotional versus sexual infidelity, menmfornjthe ambiguous cues are not

included in the analysis.
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5.2.1.6 Procedure

Participants were tested in a room partitionedvin halves with a screen. They were
informed that the premise of the study was to labKeelings and attitudes towards long-
term relationships”. They were informed they wolidten to two narratives involving two
people in long-term committed relationships and thair GSR would be recorded as they
listened to these narratives. Participants wei@mnéd that their GSR activity would give
an indication of how they “feel” about both narvat. Participants were not informed
about the true aim of the study as this might conébGSR activity and memory for
infidelity cues. Participants were informed thattain minor aspects of the study had not
been explained to them as they might bias the teebut that they were not of an ethically
unsound nature. After signing the consent formigigeints were informed that it was now
time to listen to the narratives involving two pEm a committed heterosexual
relationship. Presentation of narratives was rarig@rdered (using a random number
generator found at www.random.org). Participaatos one side of the screen and the
experimenter on the other. Participants then cetagdithe modified version of the SOI, a
short demographics questionnaire and two ‘fillareégtionnaires: the Bem Sex Role
Inventory (BSRI) the Big Five personality questiaig, and the Spielberger State and
Trait anxiety questionnaires. A free recall mem@st of both narratives was then
administered, in which participants were instrudtedecall as many details as possible of
both narratives including the story line. Respsnsere recorded via microphone on to a
computer using Cooledit™ software. The experimeletiethe room during in order for
participants to provide greater privacy for papants during the free recall test.
Participants were fully debriefed as to the natifréhe study immediately following the

free recall test.
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5.3.2 Results

5.3.2.1 Galvanic skin response (GSR)

5.5.1.1 Mean number of GSR responses elicitdzbth narratives

Reliability for SOI scores was calculated sepaydta males and females using
Cronabach’s Alpha; males= .70, females = .87. Repeated measures ANOVA was
performed with sex, relationship status, and SQhasetween subject factors, Narrative
type as the within subjects factor and ‘mean nunob&SR responses elicited’ as the
dependent variable. There was no main effectex{fs=.021, df=(1,29), p=.887], SOI
[F=.159, df=(1,29), p=.693], and relationship s$dfe=1.492, df=(1,29), p=.232]. There
was no sex * SOl interaction [F=.141, df=(1,29), 0], no sex * relationship status
interaction [F=.095, df=(1,29), p=.760], and naatinship status * SOI interaction

[F=.170, df=(1,29), p=.683].

There was a significant main effect of narrativeetyF=17.877, df=(1,29), p<.001] with
greater GSR response frequency for the AN thaiNtliebut there was no narrative type *
sex interaction [F=.292, df=(1,29), p=.593, no aave type * relationship status
interaction [F=.472, df=(1,29), p=.497], no nanattype * SOI interaction [F=.455,
df=(1,29), p=.505], narrative type * sex * relatghp status interaction [F=.131, df=(1,29),
p=.720], no narrative type * sex * SOI interactié#.021, df=(1,29), p=.884], or narrative

type * SOl * relationship status interaction [F814 df=(1,29), p=.489]. See Figure 5.1
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Figure 5.1 Mean number of GSR responses elicited by Neuti@dlianusing

narratives. Error bars represent +1/-1 standaat efrthe mean.

O Neutral narrative
B Arousing narrative

Females

Mean no. of GSR responses elicited
[ep)

Sex Relationship status

5.3.2.1.2 Mean percentage of cues to emotioméiszxual infidelity that elicited a GSR

response

Focusing specifically on the Arousing Narrative @tdhe mean % of cues to emotional
and sexual infidelity that elicited a GSR respofige excluding the ambiguous cues from
analysis); a repeated measures ANOVA was perfomngdsex, relationship status, and
SOl as the between subject factors, ‘cue typehasatithin subjects factor, and ‘mean % of
cues that elicited a GSR response’ as the deperndeable. There was a within subjects
effect of ‘cue type’ [F=9.448, df=(1,29), p= .008ih a higher percentage of cues to
Emotional infidelity eliciting a GSR response tlares to Sexual infidelity. There was no
cue type * sex interaction [F= 1.366, df=(1,29),.852], there was a trend towards a
significant cue type * relationship status intei@e{F= 3.822, df=(1,29), p=.060], no cue

type * SOI interaction [F= .003, df=(1,29), p=.9580 cue type * sex * relationship status
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interaction [F= .648, df=(1,29), p= .427], no cypd * sex * SOI interaction [F= 2.129,
df=(1,29), p=.155], and no cue type * SOI * r@aship status interaction [F= .022,

df=(1,29), p= .884].

Examining the cue type * relationship status intgom further, one way ANOVA revealed
that there was no difference in responsivity tosdweemotional infidelity between those in
a relationship and those not [F=.03, df=(1,38)8p3], but there was a significant
difference in responsivity to cues to sexual inityebetween those in a relationship and
those not [F=5.187, df=(1,38), p=.029]; in thatddon a relationship had higher

responsivity. See Figure 5.2

Figure 5.2  Mean % of cues to emotional and sexual infidelitgttelicit a GSR

response. Error bars represent +1/-1 standard @rtbe mean.

O Emotional infidelity
80 1 B Sexual infidelity

Mean % of cues

Females

Sex Relationship status
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5.3.2.2 Free recall memory

5.5.2.1 Mean number of details recalled for adirres

Repeated measures ANOVA was performed with seatioeship status, and SOI as the
between subject factors, Narrative type as theimvghbjects factor, and mean number of
details recalled as the dependent variable. Tlwaseno main effect of sex [F=.442,
df=(1,43), p=.51], relationship status [F= .6485(df43), p=.425], SOI [F= .880,
df=(1,43), p=-354], no sex * relationship statugraction [F=. 1.010, df=(1,43), p=.320],
no sex * SOl interaction [F=.001, df=(1,43), p=.87d no relationship status * SOI

interaction [F=.061, df=(1,43), p=.807].

There was a significant main effect of narrativeetyF= 24.800, df=(1,43), p<.001] with
significantly greater memory for the arousing navea There was no narrative type * sex
interaction [F= .38, df=(1,43), p=.541], no namvattype * relationship status interaction
[F=.347, df=(1,43), p=-559], no narrative type *IS@eraction [F=.012, df=(1,43),
p=.913], a trend towards a significant narratiyeety sex * relationship status interaction
[F=3.310, df=(1,43), p=.076], no narrative typeexs SOI interaction [F=. 2.342,
df=(1,43), p=.133], and a significant narrativeg¢ypSOI * relationship status interaction

[F=4.511, df=(1,43), p=.039].

215



Figure 5.3  Comparing mean number of details recalled betwesutrdl and Arousing

narrative. Error bars represent +1/-1 standard efrthe mean.

O Neutral narrative
7 B Arousing narrative

Mean no. of details recalled

Females

Sex Relationship status

5.3.22.2 Mean percentage recall of cues to initidel

Looking specifically at the AN and at recall foreuto emotional and sexual infidelity; a
repeated measures ANOVA was performed with seatioglship status, and SOI as the
between subject factors, cue type as the withifestdbfactor, and mean % of cues
recalled as the dependent variable. There washavaubjects effect of cue type [F=
7.182, df=(1,30), p= .01], with greater memorytioe cues to sexual infidelity, there was
no cue type * sex interaction [F= 1.11, df=(1,485,.298], no cue type * relationship
status interaction [F= .207, df=(1,43), p= .651,aue type * SOI interaction [F= .007,
df=(1,43), p=.935], a marginally significant cype * sex * relationship status interaction
[F= 3.496, df=(1,43), p= .068], no cue type * se&®I interaction [F= 2.337, df=(1,43),
p=.134], there was a significant cue type * SOletationship status interaction [F=

5.176, df=(1,43), p=.028] interaction. See Figused, 5.5 and 5.6.

216



Figure 5.4  Mean % recall of cues to Emotional and Sexual etlfig. Error bars

represent +1/-1 standard error of the mean.

O Emotional infidelity
70 - B Sexual infidelity

Mean % of cues recalled

Females

Relationship status

5.3.223 Recall of infidelity cues: cue type * $eglationship status interaction

As can be deduced from Figure 5.5, the trend tosvarsignificant interaction is due to
memory scores for cues to Emotional infidelity: &es ‘in a relationship’ have a higher
score than those ‘not in a relationship’, wher@aasles ‘not in a relationship’ have higher

memory scores than males ‘in a relationship’.
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Figure 5.5 Mean % recall of cues to Emotional and Sexual etlfig. Error bars

represent +1/-1 standard error of the mean.

80 - O No relationship B In a relationship
70 A
60 -
50 -
40 -
30 A
20 A
10 A

mean % of cues recalled

Emotional Sexual infidelity Emotional Sexual infidelity
infidelity infidelity

Females Males

53224 Recall of infidelity cues: cue type * S@lationship status interaction

This interaction is due to memory for cues to eowwl infidelity: those of ‘High SOI’ ‘in
a relationship’ have a marginally better score tiierse of ‘High SOI’ ‘not in a
relationship’, whereas; those of ‘Low SOI’ ‘notarrelationship’ have a higher score than

‘Low SOI’ ‘in a relationship’.
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Figure 5.6  Free recall memory for cues to Emotional and Seiiilelity: cue type *
SOl * Relationship status interaction. Error basresent +1/-1 standard error of the

mean.

O No relationship
80 - B In a relationship

~
o
1

Emotional Sexual Emotional Sexual
infidelity infidelity infidelity infidelity

mean % of cues recalled
w
o

Low Sol High Sol

5.3.2.3 Free recall memory and GSR correlations

53231 Arousing narrative

In order to investigate whether autonomic nervaosisal correlates with memory, the
‘total number of GSR responses’ and the ‘averagelitude of GSR responses’ for the AN
was correlated with total memory for the arousiagative using Spearman’s rho (this test
was employed to control for the effects of outliensl due to the relatively small sample
size). Memory for the Arousing narrative did notrelate with the total number of GSR

responses [r=-.073, N= 42, p=.646].
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5.3.23.2 Infidelity cues

‘GSR response frequency’ and ‘average magnitud®’escto cues to Emotional infidelity
were correlated with memory for cues to emotion&tlelity using Spearman’s rho.
Memory for cues to emotional infidelity did not celate with GSR ‘response frequency’
[r =.071, N=42, p=.653]. ‘GSR response frequenoyues to Sexual infidelity, was
correlated with memory for cues to Sexual infidelising Spearman’s rho. Memory for
cues to Sexual infidelity was not significantly aéigely correlated with GSR ‘response

frequency’ [r=-.265, N=42, p=.09].

5.3.3 Discussion

5.3.3.1  Arousing and neutral narratives

The fact that the AN elicited more GSR responsas the NN, and that participants had
enhanced memory for this narrative, suggests #ndicgpants were emotionally aroused
by the infidelity cues and this may have enhancedhary consolidation for these cues.
However, a direct correlation between memory an&® &3 the AN was not evident.
There was an interaction involving memory for the, Aelationship status, and sex. Males
‘not in a relationship’ had better memory for th #han females ‘not in a relationship’,
but for those ‘in a relationship’ females outsconeles. Being in a relationship may
intensify reactions to infidelity cues as they arere easily imaginable and feel more real
for females but not for males. The interaction Beer, was only marginally significant
and future research with a larger sample sizeheiltequired before its validity can be
ascertained. An interaction involving SOI and tielaship status concerning memory for

the NN was also found. This was due to High S@ividuals ‘not in a relationship’
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having greater memory than High SOI ‘in a relatiops It is not clear why this finding

may have emerged, and may be an artifact of a sawalple size.

5.3.3.2 Cues to emotional and sexual infidelity

The innate module view of sexual jealousy was oppsrted. Females did not have
enhanced GSR activity or memory for emotional ielity cues in comparison to sexual
infidelity cues. Likewise, males did not displayhbanced GSR activity or memory for
sexual infidelity cues in comparison to emotiomdidelity cues. However, participants
did elicit greater GSR responsivity to emotiondhea than sexual infidelity cues.
Contrastingly, participants displayed greater manifor cues tasexualcompared to
emotionalinfidelity. This finding seems rather contradigt@s one would assume the cue
type that elicited greater GSR responsivity isrtitee emotionally arousing cue and thus

would be remembered better.

The Low SOI group did not differ from the High S@bup for GSR activity or memory

for cues to either emotional or sexual infidelifyxamining relationship status revealed a
key finding; those in a committed relationship skedvenhanced GSR responsivity for cues
to sexual infidelity compared with those not incarnitted relationship. This finding is
congruent with Harris (2000) who found that femaleatH experience of a committed
relationship showed greater blood pressure incseaken imagining a mate engaging in
sexual infidelity than females without such relathbip experience. Harris (2003b) also
reported that greater experience with committeaticeiships was positively associated
with greater sexual jealousy over a mate’s achfaelity for both sexes. It seems that
jealousy regarding sexual infidelity may be amplifieither via currently being in a

relationship or with relationship experience, amd tay be more true for females than for
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males. This finding highlights the importance ohtextual variables (in this case

relationship status) in the manifestation of jealjobetween two people in a relationship.

5.6.3 Sociosexual Orientation Inventory (SOI)

This study predicted that Low SOI individuals wodidplay greater GSR activity and
memory both forms of infidelity cues as they attgobater importance to inter-personal
bonds within a relationship. These predictions weresupported and are congruent with
Harris’s (2003b) failure to find an associationvibeén SOI and distress regarding
emotional and sexual aspects of infidelity. Tatagether they results suggest the SOI
may not be a useful tool in elucidating what typeersonality variables may differentially

affect arousal and memory for cues to infidelity.

5.3.3.4 Relationship status

Participants currently in a committed relations$ifowed enhanced GSR responsivity for
cues to sexual infidelity compared with those ncd committed relationship. This is the
most interesting finding of the study, and togethigh Harris (2000 and 2003b; who
found a similar effect in females), elucidates tagierience of committed relationships
intensifies feelings of jealousy regarding cuesdrual infidelity. Relationship status
differentially affected memory for the AN for malasd females. Males ‘not in
relationship’ outscored females ‘not in a relatlupsbut this pattern was reversed for
males and females ‘in a relationship’. This intéi@n was only marginally significant,
therefore further research is required beforentlma determined a robust and replicable

phenomenon.

222



5.3.3.5 Revising the innate module view ofojesy

The study did not find any support for the ‘innatedule’ view of sexual jealousy, with no
evidence supporting the contention that males antales are genetically predisposed to
be upset by different forms of infidelity. Suppi@wt the Socio-Cognitive viewpoint was
found with those ‘in a relationship’ displaying gter GSR responsivity to cues to sexual
infidelity. The finding suggests that highlighteetimportance of contextual variables and
how they might interact with more hardwired seXat#nces. Future research should look
to relate memory and emotional arousal to speciiis, with subjective perception of
whether those cues are cues to sexual or emoiididglity. The factors that influence
jealous feelings and behaviour are multifacetedraace work will be needed to untangle

these factors.

5.3.3.6  Are memory and emotional arousal fumitig in an adaptive manner?

The fact that the AN elicited greater GSR respatysand was also remembered better
than the NN suggests that physiological arousal beafacilitating memory consolidation
of emotional events. This is predicted by an etiohary view of emotions as functional
adaptations facilitating survival and reproductidnis clearly adaptive for both males and
females to find cues to infidelity emotionally asng and memorable as this will increase

the likelihood of taking appropriate action.
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5.3.3.7 Conclusion

The results of the study revealed that femalesidichave enhanced GSR activity or
memory for emotional infidelity cues in comparigonsexual infidelity cues. Likewise,
males did not display enhanced GSR activity or ngrfar sexual infidelity cues in
comparison to emotional infidelity cues. The kiyling of this study was that

participants, currently in a committed relationstaficited greater GSR activity in

response to cues to sexual infidelity. HoweverRG@Stivity in response to cues to sexual
and emotional infidelity did not correlate with mery for those cues. These results do not
support the innate module view of relationshipgealy and suggest contextual variables
such as relationship status may be more impomeai¢termining what type of infidelity

males and females find more threatening.
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Chapter 6  Investigating ability at detecting ‘liars and recognition memory for the

faces of ‘liars’

Abstract

Aims:

1. To investigate whether individuals show enhancelityabt detecting ‘liars’ from
‘truth-tellers’, and enhanced memory for the fagkE%iars’ than the faces of ‘truth-
tellers’.

2. To investigate whether females outperform maledetgcting ‘liars’ and show
enhanced memory for the faces of ‘liars’.

3. To investigate whether level of autistic traitsretates negatively with lie detection

and memory performance for ‘lying stimuli’.

Methods

Forty four healthy participants (23 females) vieveeseries of video clips, half of which
depicted footage of individuals lying, half of whidepicted individuals telling the truth.
Participants rated whether they thought the indialdn each clip was lying using a Likert
type rating scale. Participants then completediiitesm Spectrum Quotient (AQ)
questionnaire, before receiving a surprise recagninemory test of individuals depicted

in the video clips.

Results

Participants did not show enhanced performancetactng ‘liars’ from ‘truth-tellers’.
Participants also did not show enhanced recognitiemory for the faces of ‘liars’.
Females, but not males, showed significant postoseelation between level of autistic

traits and success at detecting ‘liars’, oppositéhé predicted outcome.

Conclusion
The surprise finding for females that level of sfititraits was positively correlated with
success at detecting ‘liars’ was related to otierature which showing enhanced lie

detection performance in individuals with impaitedguage capacities.
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6.1 Introduction

As discussed in depth in Chapter 1, research stgyfed our ancestors must have been
capable of detecting and remembering cheatersas@pipropriate action could be taken
against them (e.g. Cosmides & Tooby 1992). Stuue® also shown that humans may be
capable of detecting subtle visual cues that ‘@eafaces give off. In fact, a review of

the lie detection literature (DePaulo et al. 20@3¥ealed ‘liars’ in laboratory studies tend

to fidget more, dilate their pupils more, have ggegension in their voice and press their
lips together more, than truth-tellers. Ekman &@livan (1991) showed that American
Secret service agents had better than chance plibbabdetecting liars from a series of

video clips showing an equal number of ‘liars’ ammdth-tellers’.

More recent neuropsychological evidence suggeatsliere may be a specific module in
the brain that deals with ‘social contract’ sitoas. Stone et al. (2002) found a patient
with damage to the orbitofrontal cortex, temporalep and amygdala showed impaired
social contract reasoning (e.qg. if you take thesfiegou must satisfy the requirement).
The authors concluded that this finding suggesisittiormation about the social world is

processed separately and differently than othexstyg information.

6.1.1 The social brain and autistic traits

Autism is a developmental disorder typified by @anta deficit in communication and
social skills (e.g. lack of eye contact), languégg. verbal fluency) and imagination
(Baron Cohen 2000a). Research has shown that presanted with a series of
photographic images depicting various emotionsyiddals with Asperger’s syndrome (a

condition characterised by an average or aboveagediQ coupled with autistic traits) had
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great difficulty reading complex emotions (suclseBeming, admiration and interest), as

they required reading information from the eyesr@®aCohen 1997).

However, a strong body of research prompted by Wi$8) contends that all individuals
fall on a continuum regarding autistic traits; wathtism on one end of the continuum,
gradually fading into the normal population and aoels individuals with highly adept
social communication skills. For example, WakalshyaBaron-Cohen, Wheelright &
Tojo (2006) found a normal distribution of altruéstraits (as measured by the Autism
Spectrum Quotient questionnaire), in both a UK damphnese sample. More recently
Wakabayashi et al. (2006) have proposed that mutiaits may represent a sixth
dimension of personality in addition to the ‘Biggersonality dimensions (Goldberg
1993). Considering the above it is possible thdividuals with a high level of autistic
traits may find it more difficult at detecting ‘fisl than individuals lower in terms of
autistic traits, as they may find it more diffictdt read the facial expressions of, and
emotional information (in the form of micro expriess) that is displayed in, individuals

when they lie. This study will also examine thaspibility.

6.1.2 Sex differences

It has also been suggested that the male brain cl@sely resembles an ‘autistic brain’
than the female brain (Baron Cohen 1999). In &vewf the relevant literature Baron
Cohen (1999) outlined how males are better in aptsks but slower to develop language
than females; and people with autism are supesiootmal individuals on spatial tasks,
while slower than normal individuals to developdaage. Additionally, females are faster

to develop socially, and in terms of language Bhiind have superior mind reading
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ability than normal males; and people with autiseneven more delayed in social and

language development, and have even more seveceedefes at mind reading.

Baron Cohen (1999) also outlined the anatomicalenge in support of this theory.
Physiologically, females typically have a largerpies callosum than males (which is
thought to be partly responsible for their supelamguage abilities) and autistic

individuals have an even smaller one.

If this theory is true, i.e. that males possessenaattistic traits than females, then one
might expect females to out perform males in reg@imotional information from the

faces of individuals who are lying. This predictiwill also be tested in this study.

6.1.3 Current study

This proposed study aims to follow on from studies have used actual images of
individuals in the act of deception, and is prirtyainterested in whether individuals will
have enhanced memory for the faces of ‘liars’ conegdo the faces or ‘truth-tellers’.

Unlike Yamagishi et al. (2003) however, this studl use video clips of individuals

either actually telling the truth or lying, as ogpd to an image of individuals as they cheat
in a prisoner’s dilemma game. The method sholfier gfreater potential for the liars to
emit micro-expressions signalling their deceitaasdeo clip will convey more

information than a static photographic image. Video clips will be created from
individuals who are taking part in a card game \amhexperimenter. Half of the video

clips that will be presented to participants wal &f individuals lying; the other half will

consist of individuals telling the truth.
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These stimuli will be then presented to particisamho will be asked to rate on a Likert
scale of whether they think the individuals in ti@eo clips are lying or telling the truth.
Twenty minutes following presentation of the vid#ips participants are to receive a
recognition memory test consisting of still imagéshe individuals presented in the video

clips and an equal number of age and sex matchedot®

This study is also interested in whether autistid¢s correlate with performance at
detecting and remembering the faces of ‘liars’rti®igants will complete the Autism
Spectrum Quotient questionnaire (Baron Cohen, Wirégit, Skinner, Martin & Clubley
2001) and scores on this will be correlated wigind)’ ratings of the stimuli (i.e.
participants’ ratings of whether they thought fasese lying or not) and recognition
memory performance for the stimuli. This studylwiso examine the possibility that
females may be more adept at reading social infoom&rom faces and thus be better than
males at detecting and remembering the facesrst liBrevious research suggests that the
ability to detect liars accurately from individualst lying is often very difficult. For
example, DePaulo & Pfeifer (1986) and Kraut & Pb@80) both failed to show enhanced
lie detection ability in individuals with an occufmal interest in accurately detecting

liars. However, previous research consistentlgads/large individual differences in lie
detection ability (Ekman & O’ Sullivan 1991); and @0 known research has employed the
AQ questionnaire to relate autistic traits withdietection performance; the results of this

study will make a novel contribution to the litareg on lie detection.

229



6.1.4 Predictions

1) Participants will have enhanced memory for thedaafeliars’ than the faces of
‘truth-tellers’.

2) Participants high in autistic traits will have dimshed performance at detecting
‘liars’ and will have decreased memory for the &oé'liars’ than those low in
autistic traits.

3) Females will have enhanced performance at dete'ting’, and will have

enhanced memory for the faces of ‘liars’ than males

6.2 Methods

6.2.1 Participants

Twenty three females and twenty one males weraitedrfrom the Glasgow Science
Centre to take part in this study. This sampe svas chosen using power analysis.
Research has found a recognition memory bias ®&fdtes of ‘cheaters’ with an effect
size of 0.79 (Mealy 1996). This effect size wateesd into a Power analysis software
program (GPower™), in which Alpha was set at .0f] power at .8. This program
computed a total sample size of 42 participantkicgl approval to carry out this study
was granted by the University of Stirling DepartiehPsychology Ethics committee. An
application with a detailed description of the stwhs submitted to this committee
detailing the full aims and methodology of the megd research. This committee made
their decision to approve this study after carafudlysis of the application. The Glasgow
Science Centre is an interactive science exhibitentre, which is geared towards being
educational and entertaining and attracts a widescsection of the community. The

centre provided a suitably equipped room for whdchecruit and test participants. The
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mean age of males in the sample was 26.9 yearsi(&D8; range=17-66 years), and the

mean age of females was 33.86 years (SD=15.3%+di1g 70 years).

6.2.2 Creating the video stimuli

Sixteen males and seventeen females from the Witiyerf Stirling student population
were recruited (using monetary reward of £5 asritiee) in order to create the stimuli for
use in this study. The mean age for females sxgample was 20.61 years (SD = 1.4;
range =18-24 years). The mean age for malessrstmple was 20.2 years (SD = 1.35;
range =18-23 years). All students recruited fag ffhase of the study were Caucasian, as
the inclusion of ‘other race’ faces may make th@sli more memorable for participants

in the recognition memory phase of the study. &hEsticipants were instructed that the
study was interested in how successful the ‘liecket’ (i.e. a Galvanic skin response/GSR
recorder) is at detecting lies, and would involerh participating in a card game, which
would be video taped to use as stimuli in futuseaech. Participants were also informed
that if they could lie successfully (i.e. withobietexperimenter being able to tell from their
GSR when exactly during the course of the game tiaelylied) that they would win £5.
This monetary incentive to ‘lie successfully’ wasextra incentive given to participants in
order to attempt to make the lie (and thus theoviclp of the lie) ecologically valid. Most
‘real world’ lies are made in order to achieve adfé while at the same time taking the
risk of being found out on the lie. Therefore,rthis both pressure on the ‘liar’ and also a
possible reward involved if her or she is succdsstiis study attempts to simulate both

these factors.

Individuals were informed of the details of theccgame before signing a consent form.

Individuals were then presented with a playing dewch a deck of 10. The experimenter,
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however, did not view the card. The experimertientasked the participant to write down
on a piece of paper (provided) the name of the aaddto remember it. The experimenter
then put the card back in the deck and shufflethallcards. Each card was then presented,
one at a time to the participant. At each presmmtahe participant was asked “is this your
card?” Each participant was informed before hanartswer “No, | am sure this is not my
card”, to each card presented, including thetbaéwastheirs. Participants were
instructed to make their response to each cardttjirmto the video camera, which was set
to record for the duration of the task. Each paréint's GSR was recorded for the
duration of this procedure. GSR cuffs were appieedarticipants immediately after they
were fully instructed about the study and were resdaafter completion of the card task
(see Chapter 5 for detailed description of GSR apfilication and methodology). Each
time a participant responded “no | am sure thisoismy card”, their GSR was ‘event
marked’ so the experimenter could determine the @8Rity in response to each card
presentation. The GSR recording in this studyestas a ruse to add ‘psychological
pressure’ to the participant when they were periognthe task, as results of the GSR
recording were not analysed. In order to identifyich video clip the participants lied on
the participant displayed the sheet of paper rewgéheir card. If this card was, for
example, the? card presented to the participant, then theideo clip would be the one

in which the participant was lying.

Therefore, each participant yielded 10 instancas (eer card) of looking into the camera
and saying “no | am sure this is not my card”, ohehich was a lie. When the card game
ended the GSR finger cuffs were removed. The éxjeerter then tried to deduce from the
GSR readings on what trial the participant lied #us, which card was ‘the participant’s

card’. Regardless of whether the experimentersmasessful at detecting the participant’s
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lie, each participant received the £5 reward, aad fully debriefed as to the nature of the

study, and the future research in which the vidgrs evould be employed.

The video footage for each participant was divioed 10 segments, using Liquid 6™
video editing software. Each segment was of betve® and 6 seconds duration and
consisted of the experimenter asking (from behireddamera and out of view) the
participant “is this your card?” and the participagplying “no | am sure this is not my
card”. The footage was of the participant’s hefaohi the shoulders up), with a blue
screen as a background. For each participantles\dlip of when they lied and a video
clip of when they were telling the truth were exted from the video footage using Liquid
6™ video editing software. Each participant praglaine ‘truthful’ clips and one ‘lying’
clip. The truthful clip that most closely matchiée ‘lying’ clip in terms of the length of
time it took the participant to state “no | am sthis is not my card”. Therefore a total of
33 clips of individuals telling the truth and 33l of individuals lying were produced.
Two different ‘video reels’ were created, one ofiethshowed 17 clips of individuals

lying and 16 of individuals telling the truth, atite second which showed those same 17
individuals (who were lying in the first reel) tely the truth, and those same 16
individuals (who were telling the truth in the firgel) lying. Therefore each ‘reel’ was

automatically matched for distinctiveness (memaraéss), sex, and age of the stimuli.

Each reel was converted from Liquid 6™ video fdenhat into a Windows Media Player
(WMP) compatible file, which could thus be playadWMP™. Each video clip was
positioned, one after the other, with an 8 secapllgetween each clip. This 8 second
space between each clip was to allow participamis to make a decision as to whether
they thought the individual in the clip was lyingrt. Eight seconds was deemed an

appropriate time as the study was interested ipangcipants’ ‘gut’ or immediate reaction
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to the clip, and this 8 second time frame meartigiaants were required to quickly make
up their mind and rate whether they thought thegemwas lying or not (on a rating scale
provided) before the next clip was shown. The podelips within both ‘reel 1’ and ‘reel

2’ was randomised using a random sequence gengvatav.random.org) for each

participant.

For the study proper, participants were providetth wikert rating scales ranging from 1 to
6 (for each video clip) printed on A4 sized papArrating of ‘1’ indicated the participant
thought the individual in the video clip was ‘defely telling the truth; a rating of ‘6’

indicated the participant thought the individuathe video clip wasdefinitely lying:

6.2.3 Recognition memory test

For the recognition memory test, still images @& 88 individuals that made up the stimuli
were produced. The images were taken of theseidhdils immediately before they
participated in the card game. Also a separatehlitthirty images of 15 males and 15
females was produced. These images were to beassszhtrol images or ‘lures’ in the
recognition memory test. The individuals usedreate these images were recruited using
course credit reward and were matched for agetiwtactual stimuli. The mean age of
males was 20.12 years (SD= 1.5; range=18-24 yedis).mean age of females was 20.02
years (SD=1.41; range=18-23 years). The orderesfgntation of the images was
randomised for each participant using a randomesgzpigenerator (www.random.org).
The set of stimuli was presented on a laptop coermdreen using PowerPoint™
presentation software. Each participant viewediorage at a time and navigated their
way from one image to the next using the ‘righbafrkey on the computer. Participants

were asked to rate whether they remembered eadeiosing a Likert scale.
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The Likert rating scales ranged from 1 to 6 (focheamnage) printed on A4 sized paper. A
rating of ‘1’ indicated the participant thought thiaey ‘definitelydo notremembe the
image, a rating of ‘6’ indicated the participanbtight they ‘definitelydo’ rememberthe

image.

6.2.4 The Autism spectrum quotient (AQ) questioBnai

The AQ model assumes autistic traits lie on a comtin (Baron-Cohen 1995; Wing 1981).
In support of this assumption is recent researcWhitabayashi et al. (in Press), showing a
normal distribution of autistic traits in nonclimicUK and Japanese samples. The AQ
consists of 50 items, assessing 5 dimensions:dbekill’, ‘attention switching’, ‘attention

to detail’, ‘communication’ & ‘imagination’ (Baro@ohen et al. 2001). The AQ also yields
a total AQ score, with higher score indicating a higher number of autigtats. This

study is particularly interested in ‘total AQ’ seor Additionally, an AQ ‘social brain’

score was also computed by adding the ‘social glalll ‘communication’ items together.
Any deficiency in reading social information (suahfacial micro-expressions) will be
most accurately reflected by the ‘social skill @gadmmunication’ items, and it is ability

at reading minute facial expressions that is mkstyl to correlate with ability at

accurately detecting liars.

The population mean for total AQ score is 15.4 (SD¥for ‘normal’ females; 17.8

(SD=6.8) for ‘normal males’; and 35.8 (SD=6.5) f@perger’s syndrome sufferers (Baron

Cohen et al. 2001). The AQ is reproduced in Appehd.
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6.2.5 Procedure

Participants were informed of the nature of thelgt@nd then signed the consent form to
agree to take part. Participants were randomlggired (using a random sequence
generator found at www.random.org) with either frBeor ‘reel 2. They were provided
with headphones so as to clearly hear the voicétseadtimuli. Participants were informed
that there would be a gap of 8 seconds betweendigcin which they would rate
whether they thought the person in the clip wasgyor not. Participants were provided
with a pen and asked to circle on a series ofgatgales whether they thought the

individual was lying or not.

It was explained to participants that the clips/there about to see involved an individual
taking part in a card game with an experimente dach clip the individual will say “no |
am sure this is not my card”. For some of thegesc¢he individual saying this will be
telling the truth (it is not actually their cargpme individuals, however, are lying (it is
actually their card). Participants are informed rid@son they are lying is to deceive the
experimenter in order to win £5. This set of instions is used to implant into the
participants mind that some of the individuals tlheg about to see are being deceitful in
order to win money. This information should ‘aetig’ the cheat detection module

proposed by Cosmides & Tooby (1992).

Immediately after viewing the stimuli participamiere asked to complete a
straightforward demographics questionnaire followgdhe AQ. Following this,
participants completed a surprise recognition memnest involving images of individuals

in the video clips.
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6.2.6 Study design

Half the participants tested in this study viewke teel 1’ sequence of video clips, these
individuals were categorised &udy group 1’ The other half viewed ‘reel 2" and were
categorised astudy group 2° Therefore, the design of this study was a 2:(see and
female) * 2 (study group: ‘study group 1’ and ‘spugtoup 2’) * 2 (type of stimuli: ‘lying

stimuli’ and ‘truth-telling’ stimuli) design.

6.3 Results

6.3.1 Potentially confounding variables

6.3.1.1 Age

A univariate ANOVA with ‘study group’ and ‘sex’ dke between subjects factor and

‘age’ as the dependent variable revealed no sagmifibetween subject differences in age

for ‘sex’ [F(1,40)=2.604, p=.115] or study grougIH40)=2 1.950, p=.171]. Mean age for

‘study group 1’ was 33.5 years (SD= 16.129; rangjé-Z0 years). Mean for ‘study group

2’ was 27.55 years (SD= 11.603; range = 17-52 yed@se ‘Participants’ section in

‘Materials & Methods’ for descriptive age data foales and females.
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6.3.2 Lie detection performance

A rating of ‘1’ indicates participants thought induals in the clips were definitely telling
the truth. A rating of ‘6’ indicates participantsought individuals in the clips were

definitely lying.

Kendall's W (i.e. coefficient of concordance) waspdoyed to determine the agreement
among participants concerning their ratings ofityistimuli and ‘truth-telling’ stimuli.
Kendall's coefficient (W) ranges from 0 to 1, widhindicating complete disagreement
among raters, and 1 indicating complete agreenmeang raters. For ‘study group 1’
Kendall's W = .17 for ratings of ‘lying stimuli, @Kendall’s W = .16 for ratings of ‘truth-
telling’ stimuli. For ‘study group 2’ Kendall's W .2 for ratings of ‘lying stimuli, and

Kendall's W = .16 for ratings of ‘truth-telling’ shuli.

A repeated measures ANOVA was performed with ‘styicdhup’ and ‘sex’ as between
subject factors and ‘lying ratings’ for stimuligi.‘lying’ stimuli vs. ‘truth-telling’ stimuli)

as the dependent variable. The analysis revealedamn effect of ‘type of stimuli’ (i.e.

lying vs. truth-telling) on ‘lying ratings’ [F(1,46 2.816, p=.101]. There was also no main
effect of ‘study group’ [F(1,40)= 2.671, p=110], ‘sex’ [F(1,40)=1.773, p=.191] on ‘lying

ratings’.

The analysis also revealed no ‘type of stimulis&x’ interaction on ‘lying ratings’

[F(1,40)= .818, p=.371]. See Figure 6.1.
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Figure 6.1  Lying ratings for stimuli. Error bars represent -t1¢tandard error of the

mean.
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6.3.3 Recognition memory for stimuli

A rating of ‘1’ indicates participants thought thdgfinitely remembered the image from
the video clips presented to them. A rating ofir@icates participants thought they

definitely did not remember the image from the widgs presented to them.

A repeated measures ANOVA was performed on reciognihbemory scores with ‘study
group’ and ‘sex’ entered as between subject fa@tndsrecognition memory for stimuli

(i.e. lying stimuli vs. truth-telling stimuli) ented as the dependent variable. The analysis
revealed no main effect of ‘type of stimuli’ on ogmition memory scores [F(1,40)=.575,
p=.453]. There was a significant main effect efits/ group’ [F(1,40)= 4.466, p=.041],

but no significant main effect of ‘sex’ [F(1,40)678, p=.415] on recognition memory

Scores.
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The analysis also revealed no ‘type of stimulis&x’ interaction on recognition memory

scores [F(1,40)=.001, p=.983]. See Figure 6.2.

Figure 6.2  Recognition memory for stimuli. Error bars représely-1 standard error

of the mean.
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6.3.4 Correlating the Autism Spectrum Quotient Wéldetection performance

6.3.4.1 Preliminary analysis

A Shapiro Wilks test was performed on ‘AQ totaljjing ratings’, and ‘recognition
memory’ scores (for both males & females) to revieidley were normally distributed (the
Shapiro Wilks test is recommended for sample simeler two thousand cases (Brace,
Kemp & Snelgar, 2003)). The analysis revealed teabgnition memory’ scores for
‘truth-telling stimuli was not normally distributed males [SW=.897, df=21, p=.031], and
‘lying ratings’ for ‘truth-telling’ stimuli was maginally normally distributed in females
[SW=.925, df=23, p=.087]. Therefore, a Spearmaark correlation was used to correlate

the AQ total score with ‘lying ratings’ and recotioin memory performance. See Tables
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6.1 & 6.2 for results of analysis. Internal rellaf for each of the subscales of AQ was
calculated using Cronbach’s Alpha. The resulithisfanalysis are as follows: for AQ
social skillsa. = .577; for AQ attention switching = .375; for AQ attention to detail=
.572; for AQ communication = .517; for AQ imagination. = .272; for AQ totab. = .62;

for AQ social braim = .47.

One sample t-tests were employed to compare the toga AQ score for males and
females with their respective population meansiésxribed ilMethods & Materials).
The analysis revealed no difference for these meansales [t=-.293, df=20, p=.773] or

females [t=1.485, df=22, p=.152].
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6.3.4.2 Correlating AQ with lying ratings

As we are conducting multiple tests there is aneiased probability of producing a Type |

error. In order to control for this possibilityetiprobability value was set at .01. See Table

6.1 for results of AQ and lying rating correlations

Table 6.1 The relationship of AQ with Lying ratings
AQ SS AQ AS AQC AQ I AQ AtD AQT AQ SB
M M M M M M M
AQ_) mean=2.38 mean=5.0, mean=2.33 mean=3.24, | mean=4.38, | mean=17.3, | mean=4.71,
SD=2.22 SD=2.55 SD=1.742 SD=2.189 SD=1.717 SD=7.31 SD=3.43
F F F F F F F
mean=2.22, | mean=4.87, | mean=2.57, | mean=2.48, | mean=5.09, | mean=17.21,] mean=4.78,
SD=1.8 SD=2.68 SD=1.62 SD=2.02 SD=2.74 SD=5.86 SD=2.53
Lying Lying r | .003 -.481 113 -112 -.104 -.125 102
ratings | Stimuli p| 990 027 626 630 653 589 661
r | -249 391 .468 .234 .109 418 .523
p| 252 .065 .024 .283 .620 .047 .010*
Truth- r |.043 -.404 -.513 -.099 .009 -.287 -.281
telling 852 1069 017 669 970 208 218
Stimuli P
r | -.100 -.004 -.118 -.382 -121 -.169 -.192
p| -650 .986 .592 .072 .583 441 .380

Key. SD = standard deviation. M = males. F=femals® SS = AQ ‘social skills’. AQ AS= AQ ‘attentip
switching’. AQ | = AQ ‘imagination’. AQ AtD = AQattention to detail'. AQ T = AQ ‘total'. AQ SB AQ ‘social
brain’.
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6.3.4.3

Correlating AQ with recognition memory

As we are conducting multiple tests there is aneiased probability of producing a Type |

error. In order to control for this possibilityetiprobability value was set at .01

Table 6.2The relationship of AQ with recognition memory

AQ SS AQ AS AQC AQ | AQAIDD | AQT AQ SB
M M M M M M M

mean=2.38 mean=5.0, | mean=2.33 mean=3.24, | mean=4.38, | mean=17.3, mean=4.71,

AQ_) SD=2.22 SD=2.55 SD=1.742 SD=2.189 SD=1.717 SD=7.31 SD=3.43
;ean=2.22, mearilz=4.87, rileanzZ.S?, ;ean=2.48, rilean=5.09, l:mean=l7.21, rilean=4.78,

SD=1.8 SD=2.68 SD=1.62 SD=2.02) SD=2.74) SD=5.86 SD=2.53

RM Lying r |.022 .051 .037 -.074 .106 .036 .033
scores | Stimuli o |.926 .825 874 748 649 .878 .888
r |.186 126 .026 -.207 .071 173 .130

p | .395 567 .907 344 .748 430 .555

Truth- r | .046 .193 .012 .103 .280 181 .036
teling. o | .843 401 .960 657 218 432 .878
r|.431 A11 -.117 -.149 -.045 .223 222

p | .040 .613 .595 .496 .838 .305 .309

Key. SD = standard deviation. M = males. F=femals® SS = AQ ‘social skills’. AQ AS= AQ ‘attentip

switching’.

AQ | = AQ ‘imagination’. AQ AtD = AQ ‘attention tdetail. AQ T = AQ ‘total’. AQ SB = AQ ‘social fain’.

6.3.5 The relationship between ‘lying ratings’ tifraili and recognition memory

6.3.5.1

Preliminary analysis

A Sharpiro Wilks test was employed to determinghéf ‘lying rating’ scores and

recognition memory scores (for ‘lying’ and ‘trutaling’ stimuli) were normally

distributed for both males and females. The amahgvealed all these variables were

normally distributed [all p>.114, < .93]. Theredom Pearson’s product moment

correlation was used to correlate this memory scavith ‘lying ratings’. See table 6.3

below for results of analysis.
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6.3.5.2 Lying ratings and recognition memoryrekations

As we are conducting multiple tests there is aneiased probability of producing a Type |

error. In order to control for this possibilityetiprobability value was set at .01.

Table 6.3 The relationship between ‘lying ratings’ and rectign memory

performance for both males and females.

LR for RM for
Males— LR for RM for
‘truth- . ‘truth- )
Females L ‘lying : ‘lying
! telling stimuli’ telling stimuli’
stimuli stimuli
LR for R - -.071 .072 .138
‘trqth— p - .758 .756 .552
telling' 1 " 21 21 21
stimuli
LR for r -.117 - -.283 -.232
‘lying p .595 - .213 311
stimuli’ N 23 B 21 Zl
RM for r .099 .044 - 541
‘truth- p .652 .843 - .011
tellin
stimugli N [23 23 ] 21
RM for r .288 -.219 .488 -
stimuli’ N 23 23 23 )

Key: LR= ‘lying ratings’. RM= ‘recognition memory’. ight grey= female scores. Dark grey = males scores.

The above analysis reveals no correlation betwlyerg‘ratings’ and recognition memory

performance for either ‘lying stimuli’ or ‘truth teng stimuli’.
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6.4 Discussion

6.4.1 Performance at detecting ‘liars’

Participants could not distinguish ‘lying’ stimd@om stimuli ‘telling the truth’; failing to
support the prediction that individuals would bpaale of detecting ‘liars’ from those

telling the truth. There was also no sex diffeeeimcthe ability to detect ‘liars’; failing to
support the prediction that females would have robd performance at detecting liars

than males.

The participants’ overall inability to detect in@iwals who are lying from individuals who
are telling the truth is not an isolated finding@search in this field. A review of the lie
detection literature by Ekman (1996) highlightstfaict. The author outlines how
performance at detecting liars from non-liars, dase their demeanour (facial
expressions, and general body language) is oftemuaoh better than chance. DePaulo &
Pfeifer (1986), for example, failed to show enhahlixe detecting ability in a sample of
American law enforcement officers. This howevemat because ‘liars’ do not elicit
sufficient information; research shows with slowtion replays 80% accuracy in detecting
liars is possible (Ekman 1996). Ekman (1996) imdteosits a number of reasons
individuals are poor lie detectors. One of whighhat we tend not to want to catch liars;
as being suspicious rather than trusting of indigid may lead to a lower quality of life.
Therefore, a general rule of thumb to trust otliexgardless of evidence) may develop in
individuals. The author also suggests we may uwkmgly conspire in the lie as knowing
the truth may be too costly. Another suggestidoeised on ideas outlined by Goffman
(1974) that we are ‘courteous’ in our social intéi@ns and reluctant to ‘take’ information

that is not ‘given’ to us. This explanation isaditly contrary to the hypothesis outlined in
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the introduction which contended that it is adaptor individuals to be able to detect
deception. However, it may be the case that faaretypes of minor or ‘white’ lies it is
adaptive for humans to fail to recognise in ordekeep inter-personal relationships
running smoothly. Nevertheless, it may be adagdtivenore serious forms of deception to
be detected. It is possible that in this studylibewas not important enough for the
individual having to detect it. Future researcbudtl aim to increase the incentive to
detect a lie, on behalf of the individual attemgtio detect to lie. It may be the case that
when the benefits of detecting a lie (or decepiiogeneral) outweighs the damage to a
inter-personal relationship that such detectionld/ancur, that individuals tend to be
better at detecting deception. Future researcul@lzm to explore this possibility by
manipulating the incentive to the ‘lie detector'detect lies to find whether it enhances

detection performance.

6.4.2 Recognition memory

Participants did not have enhanced memory fordbed of ‘liars’ than the faces of
individuals telling the truth, again failing to sagot the prediction that participants would
have enhanced memory for ‘lying stimuli’. Theresnaso no sex difference recognition
memory performance with females failing to rememdogreater number of the ‘lying
stimuli’ than males. There was also no relatiopdigtween ‘lying’ ratings of stimuli and
recognition memory performance; therefore stimhdittwere given a higher ‘liar rating’
(regardless of whether the stimulus was actuaitglpr not) were not remembered better.
These findings fail to support the literature thas shown enhanced memory for ‘cheaters’

or ‘free-riders’ over cooperators.
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6.4.3 Autistic traits and detection and memory'fiars’

Correlating total AQ score with ‘lying’ ratings tie stimuli threw up an unexpected
result; higher AQ scores in females was signifiygpositively correlated with success at
detecting liars. Therefore, the more autistid$réamales possessed the more successful
they were at detecting ‘liars’. This result isle opposite direction of outlined prediction
that high levels of autistic traits would be asateil with impaired ability at detecting
‘liars’. However, this result may not be as spusi@s it first seems. As outlined by
Ekman (1996) above, individuals may be reluctargubsocial relationships at risk by
confronting potential liars. Therefore, cues tiodymay possible be ‘learnt’ to be ignored.
Those scoring low on the ‘social brain’ item (fsocial skills’ + ‘communication’) are
very likely to be individuals with large social me&irks and with many personal
relationships to maintain, and therefore may haweittingly adopted this cognitive rule

of thumb. Additionally, the result was found ontyfemales. Research of children’s
playground behaviour shows that females (unlikeesj)arom an early age place a
premium on maintaining relationships to the codtrefaking predetermined rules (Lever
1976). Itis possible that highly social femalesdrdeveloped a cognitive ‘rule of thumb’

whereby cues to lying are disregarded in orderamtain harmony within relationships.

Neuropsychological evidence also offers cluesi®fthding. A study by Setoff, Ekman,
Frank, Torreano & Magee (1992) revealed how indiald made more unreceptive to the
content of speech, due to damage to the left hdmaisp performed better than normal
participants at detecting liars. In a more rectutly Etcoff, EkmarMagee & Frank
(2000) found that individuals who were unable tdenstand words (aphasics) were
significantly better than individuals without a ¢arage impairment, at detecting lies.

Individuals with autism also have impaired languabgity. Thus these results are
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consistent with our observation that females higautistic traits out performed more

socially adept females in this study.

The significant positive correlation between aigistaits and success at detecting liars in
females in this study, coupled with previous resleautlined above, suggests performance
at detecting liars may not necessarily be facdidby a very socially adapted brain.

Instead less socially skilled individuals may negister or process all the information that
is being emitted from a ‘lying stimulus’, much ofwhich may cloud judgement at

detecting cues to lying.

6.4.4 Limitations of study

A possible limitation of this study is that theraymot have been enough incentive on
behalf of the detector to detect the lie. Faikaréletect the lie did not have any real impact
on the detectors life, and thus there may not hees sufficient emotional involvement on
the part of participants to detect ‘liars’. Futwesearch should perhaps attempt to
manipulate the incentive to detect liars in oradesée if this affects detection performance
and recognition memory for liars. However, a récady has in fact found that
participants relatively uninvolved in a judging kdsd better success at detecting liars
than those highly involved (Forrest & Feldman 2000he authors suggested that the
mechanism responsible for this is that those vaith task involvement focus on non-
verbal cues whereas those with high task involvemsn more on speech cues.
Therefore, increasing the incentive for particigatot detect liars may not in fact improve

their performance.
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It is also possible that there was not sufficiefbrimation contained in the video clips for
participants to successfully detect cues to lyiRgture research perhaps could present
video clips of individual alibis for a particulanaginary offence, some of which are
truthful some of which are false. These alibislddae of approximately one minute
duration and thus would contain more cues to Iyiram the shorter clips used in this

study.

6.4.5 Conclusion

This study failed to support the hypothesis thatigipants would be capable of detecting
‘lying’ stimuli from ‘truth-telling’ stimuli and aso have enhanced memory for the lying
stimuli compared to ‘truth-telling’ stimuli. Fened also did not show enhanced detection
ability for ‘lying’ stimuli or enhanced recognitiomemory for ‘lying’ stimuli compared to
males. This study also found no significant nagatorrelation between level of autistic
traits and success at detecting ‘lying’ stimuli aadognition memory for ‘lying’ stimuli.
Instead this study found a significant positiveretation between liar detection
performance and level of ‘Social Brain’ autistiaits in females only. This finding is
compatible with previous research showing thatvidldials with damage to the left
hemisphere (rendering them more unreceptive toecwtf speech) have enhanced
performance at detection liars. These findingsnakgether would suggest rather counter
intuitively that high levels of social skills magtaally impair lie detection. These results
of this study taken as a whole highlight the diffty individuals have at detecting lies and
remembering liars as opposed to truth-tellers,sar@hgly suggest that more extensive
research is required to engender a fuller undedsigrof whether emotional arousal and

memory do in fact interact to enhance memory ferféites of liars.
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It is suggested that research which incorporatbggments of liars where the ‘material to
be rated’ is of a longer duration (thus containimgre ‘cues to lying’), emotionally

arousing and personally salient, may produce resulihe hypothesised direction.
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7 General Discussion

7.1 Aims and rationale of thesis

The aim of this thesis was to investigate:

a) proximate mechanisms involved in memory consolaafor emotional events.

b) ultimate functions of memory for emotional events.

This thesis presented a diverse range of studiesdier to tackle both proximate and
ultimate explanations for enhanced memory of emalievents in humans. Proximate
mechanisms involved in memory consolidation for gomal material were investigated in
Chapters 2 & 3. Ultimate functions of memory amtb&on were analysed in chapters 4, 5
& 6. This chapter will first review our finding®ncerning proximate mechanisms
involving memory and emotion (Chapters 2 & 3) befoeviewing and discussing ultimate
functions of memory and emotion (Chapters, 4, 5 &Binally, the fundamental findings

will summarised and implications of this thesislw# discussed.

7.2 Proximate mechanisms involved in memory castestadin for emotional events

7.2.1 CPS stress and memory consolidation

In Chapter 2 three experiments were performed dierotio ascertain whether post learning

stress hormone activation interacted with the degfearousal at initial encoding to
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enhance memory for emotional material. The efdésex and sex related traits on
memory consolidation for emotional material wa® atesestigated. It was hypothesized
that males would show enhanced memory for cengtalild of emotional events, with
females hypothesized to show enhanced memory fghseal details of emotional events.
In the first of these experiments, post learnimgsst hormone activation was not found to
enhance memory consolidation of emotional matefidlere was also no effect of sex or
sex related traits on memory consolidation for eomatl events. The analysis of heart rate
and blood pressure recordings for the course oéxperiment indicated that the process of
saliva sampling (for cortisol analysis) had inadewetly acted as a psychological stressor
with increased heart rate and blood pressure anguiuring the saliva sampling phases.
This inadvertent stressor may have masked thetefééstress hormone activation on

memory consolidation for emotional events.

The second experiment did not involve saliva samgpin order to avoid inducing
psychological stress in participants. Insteadegfasiting saliva, participants were asked to
complete two mood questionnaires. This secondysagdin failed to find an effect of
stress hormone activation on memory consolidatfentional material. There was also
no effect of sex and sex related traits on memonsalidation of emotional events. After
consultation and collaboration with Professor LaEghill's laboratory at the Centre of the
Neurobiology of Learning and Memory at the Universif California, Irvine; a new
methodology for a third experiment was developetthvivas as free as possible from
inadvertent stressors. Cahill has previously reggban enhancing effect of post-learning
stress hormone activation (employing CPS stresiseastress hormone activator) on
memory consolidation of emotional events (Cahil\&ire 2003; Cahill et al. 2003). In

the modified procedure, participants viewed théespresentation but did not complete any

guestionnaires, memory tests or deposit any stdivanalysis. In a memory test one week
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later, participants completed the free recall ambgnition memory tests on the slide
presentation and completed the personality and mjoedtionnaires and the AVLT. This
third experiment again failed to find an effectpoifst learning stress hormone activation on
memory consolidation for emotional material. Theses also no effect of sex or sex
related traits on memory consolidation for emotianeents. The results of these three
experiments suggest that the enhancing effect sitlparning stress hormone activation
induced by CPS stress is not a robust and repégalidnomenon. The results of these
studies suggest that the previously documentedtsftd males showing enhanced
memory for central details of an emotionally aragsevent compared to females, and
females showing enhanced memory of an emotionedlysang event compared to males,

are also not robust and replicable phenomena.

7.2.2 Extrinsic versus intrinsic arousal to the be remembered’ stimulus

“in order for arousal to have any impact on memdargust be relevant to the to-be-
remembered event; merely arousing someone wilsuaffice” (Libkuman, Nichols-

Whitehead, Griffith & Thomas 1999, p. 180).

It is possible that the source of physiologicalesa is important in memory consolidation
for emotional material. In the three experimemtsspnted in Chapter 2 the physiological
arousal was not intrinsically linked to the emoétiy arousing stimulus, i.e. the CPS stress
bore no relationship to the slide presentationer&lis a body of research that indicates it
is important that the source of arousal must beasgigally linked to the ‘to be
remembered’ material. For example, Christiansdvj&ndal (1985) found that
administration of adrenaline (the unrelated soofaaousal) did not enhance memory for

faces. Varner & Ellis (1998) also found that inshgcphysiological arousal by asking
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participants to exercise did not enhance retrie¥db be remembered’, words.
Libkuman, Nichols-Whitenead, Griffith & Thomas (19%lso found that extrinsic
physiological arousal (induced by running energgtycon a treadmill) while viewing an
emotionally arousing slide presentation also faitednhance memory consolidation for
emotional material. However, Nielson, Yee & Eriokg2005), in a study specifically
aimed to test whether the source of arousal neels telated to the ‘to be remembered’
material, did find an enhancing effect of arousahtemory for the ‘to be remembered
material. These authors asked participants tmladist of nouns. They then induced
arousal in participants by asking them to view amogonally arousing video, depicting
oral surgery. This source of arousal significaetigvated heart rate, and the ‘arousal
group’ had significantly greater memory for the d®than the control group who had
viewed a neutral video depicting ‘tooth-brushing’revious studies employing CPS stress
(Cahill et al. 2003) and exercise (Nielson & Jens8®4; Nielson et al. 1996) have also
been successful at finding an enhancing effectamisal on memory using semantically

unrelated sources of arousal.

Therefore it would seem that the literature onitlmgortance of trying to link the arousal to
the stimulus remains unresolved. It is not cld@refore, whether the failure to find an
enhancing effect of arousal on memory consolidatiahis study was due to the source of
physiological arousal being semantically unreldtethe ‘to be remembered’ material.
Further research is needed to elucidate the impoetaf the semantic relationship between

the source of the arousal and the emotional stisaulu
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7.2.3 Bodily feedback, SCI and memory for emotiemahts

In Chapter 3 the effect of total spinal cord injimrgnsection (SCI) on emotional
awareness, emotional expressivity, and memory diolasion of emotional events was
investigated. The prevailing mainstream view irg@itve Neuroscience on the effect of
SCl is that it impairs emotional capacities (emgotonal arousal, perception, awareness
and identification), the extent of which is greatex higher up the spinal cord the lesion
occurs. If this view is correct, and emotionalwmal is reduced in SCI, then one would
also predict that memory for emotional events waldth be impaired. Therefore this
study is an important contribution to the underdtag of how SCI affects emotional
capacities and could also shed light on what rotersomic feedback from the body to the
brain plays in memory consolidation for emotionadmts. The results of the study yielded
no difference between SCI and control participamtsemory consolidation for emotional
events. The study also revealed SCI patients alidliffer from controls on ‘emotional
awareness’ but did report greater levels of ‘sttlerad emotional expressivity’ and ‘mean
emotional expressivityafter SCI compared with before SCI. This finding ditgct
opposes the prevailing view that SCI impairs emrm@icapacities. The results of this
study also have important implications for the pma¢te mechanisms involved in memory
consolidation of emotional material. The prevalwiew on the effects of SCI on emotion
would predict reduced arousal in response to ematievents and thus reduced memory
for those events. However, the results of thig\stmay suggest that other afferent
feedback systems, such as feedback via the vagusther cranial nerves and hormonal
feedback via the bloodstream, may play an imponralatin emotional memory

consolidation as well as in emotional expressiaitg emotional awareness.
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7.2.4 Re-examining what is known about the eff#c8Cl on emotion

The results of Chapter 3 force the mainstream wvi&the effects of SCI on emotion to be
guestioned and prompt a deeper re-examinationeviqurs research in the field that
oppose this mainstream view. It is perhaps widgetin with Hohmann’s seminal study
that is responsible for the prevailing view on éfiect of SCI on emotion. Recent
research has overlooked that Hohmann (1966) fouedpatients did report an increase in
intensities of feelings of sentimentality, i.e. ff@pensity to cry easily in response to
emotional situations. In fact research existedtgeHohmann'’s study suggesting that SCI
does not impair emotion; with Dana (1921) failingfind a difference in the intensity of
emotional feelings one year after injury in a sn§ICI patient. Since then, Lowe &
Carroll (1985), Jasnos & Hakmiller (1975), Bermaztdhl. (1987) have all failed to find an
impairing effect of SCI on emotion. AdditionallBermond, et al. (1991), employed a
similar design used by Hohmann (1966), when hevigered 37 SCI patients; asking
them to compare the intensities of pre-injury emoedi experiences with comparable
experiences post injury. Patients also compleddidating scales concerning possible
changes in emotional excitability. The authorsfibthat the intensities of the mental
responses for fear and anger increased after sgndlinjury and the intensity of somatic
responses for fear and anger remained the sanereshlts from the self-rating scales
clearly showed that the majority of patients wevawinced that their overall emotional

excitability has either remained the same or ireedasince spinal injury.
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Chwalisz, et al. (1988) interviewed spinal injutignts, healthy controls, and wheelchair
bound non-spinal injured patients, in order to ssske relationship between the
perception of autonomic arousal and the intendigxperienced emotion. The authors
found that only spinal injured patients reportedrgger fear in their lives presently
compared with the past (in the case of spinal @gypatients pre-injury). The findings did
not support the idea that the perception of auton@mousal is a vital component of
emotion and that emotion cannot occur withouSimilar to the results presented in
Chapter 3, the spinal injured patients with the tmeduced bodily feelings often reported
feeling several emotions more intensely than betfoee injury. A majority of the spinal
injured subjects in the low-feedback group (i.esththat received the least bodily
feedback due to the severity of their injury) répdrincreases in the intensity of feelings
of love, joy, sentimentality, and sadness. Spmaled patients also reported increases in
the intensity of fear than those in other grougser&fore, it is improbable if perception of
autonomic arousal were critical to emotional exgrace that people would experience

many emotions more strongly even after such feddbad been severely reduced.

Further evidence indicating that SCI does not impaiotional capacities comes from
research employing the lowa Gambling Task to testdomatic marker’ hypothesis, i.e.
the idea that bodily (or somatic) feedback to tterb(i.e. a gut instinct) influences
decision making by guiding us in a manner adagtvesurvival (Damasio 1994; 1999).
North & O’ Carroll (2001) tested this theory by askSCI patients, with a lesion at th8 6
cervical vertebra, toomplete the task. The task is a card game reqguihie player to try

and win as
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much money as possible by selecting one cardiateaftom one of 4 decks. The player
slowly learns that 2 decks are ‘high risk’, incagilarge losses, with the other 2 decks a
safer option leading to a gradual gain of monewalthy individuals quickly learn to avoid
the ‘risky decks’, but research has shown thaepégiwith medial frontal lobe damage
(Bechara, Damasio, Damasio & Anderson 1994) araddval amygdala damage (Bechara,
Damasio, Damasio & Lee 1999) fail to display a G8Rr to taking a card from a ‘risky’
deck, and have impaired performance on this taskvalsole. These findings were
considered evidence of a lack of a ‘somatic mar&egut instinct leading to impaired
decision making. North & O’ Carroll (2001) faileéadl find any difference between the
spinal injury group and a sample of matched headtimtrol subjects, in either card
selection strategy or net monetary gain. The aatboncluded that in terms of the
‘somatic marker’ hypothesis, feedback to the bfeam the periphery via the vagus and
other cranial nerves and hormonal feedback vidlbed stream may be equally or more

important than afferent feedback via the spinaticor

Much of the research carried out on the effectS@f on emotion can be criticised for
either using small sample sizes (e.g. Dana 192hfemal qualitative designs (e.g. Lowe
& Carroll 1985; Bermond et al. 1987; Chwalisz et1#88; Bermond et al. 1991), which
left the results of the studies more susceptiblexferimenter bias. Therefore, stricter
more quantitative studies were required to inveséighe effect of SCI on emotion. O’
Carroll et al. (2003) carried out one such stud@iiey hypothesized that considering
Alexithymia is a proposed impairment in accessexgperiencing, or describing emotional
states (Parker et al. 1999), and assuming thaepeoa of visceral states via afferent
feedback may be implicated in the experience oftempthen patients with total spinal
cord transection should score significantly diffete from matched control subjects on a

measure of Alexythmia.
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However, the authors found no difference betweertwo groups in Alexithymia scores.
They concluded that other feedback systems atdustdtioning in SCI patients, i.e.
hormonal feedback via the bloodstream and feedbiacéranial nerves and the vagus
nerve, and these feedback routes may have an iamodle to play in perceiving,
identifying and experiencing emotion. More recgn@lobos et al. (2002) presented a
series of emotionally arousing pictures to 19 daimjared patients and 19 healthy control
participants matched for sex, age and educatioite wimultaneously recording heart rate.
Both groups showed a significantly greater changeeart rate while viewing unpleasant
pictures than while viewing pleasant pictures, smbjective measures of arousal showed
no difference between both groups. Looking witthi@ spinal injury group; the level,
extension and duration of the lesion provided ndexce for a decreased emotional

experience.

Therefore the above body of evidence suggeststhational capacities and emotional
intensity is not impaired in individuals with SCA recent fMRI study that recorded the
cerebral activity of SCI patients as they took [ragn aversive fear conditioning task,
offers an insight as to the effects of SCI on bpimcesses in response to an emotional
stimulus (Nicotra et al. 2005). The results of shedy revealed evidence of a loss of
emotional control in SCI patients but no evidenta toss of emotional intensity. The
authors reported an enhancement in activity otitfrsal anterior cingulate, a region
activated by emotional processing, in responshreatening stimuli, in SCI patients
compared to controls. The authors proposed thatneduced feedback of autonomic
responses there may be compensatory activity ianberior cingulate. These findings
suggest that emotional intensity in SCI patientsoisin fact dampened, and may in fact
offer an explanation for the discovery in this iked an increase in emotional expressivity

in patients with SCI, after their injury, compatedpre-injury. Future research should also
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perhaps consider the possibility that some emoki@zations may be learned in patients
with SCI and that this may account for their sanrehfgher) levels of emotional

functioning following injury.

Chapter 3 reports findings contradicting a mairsstreview that has been held largely
unopposed for forty years. This is the mainstreasumption that the higher the
transection is up the spine, the greater the impaxit in emotional arousal, perception and
identification there will be. This mainstream asgtion would also predict impairment in
memory consolidation for emotional material. There the current findings force an
accepted paradigm to be reassessed and will stemdaewed research interest in an area

that has remained largely unchallenged for years.

7.2.5 The importance of null findings and findinigat contradict the mainstream view

The experimental studies reported in Chapters 2Z3aam@ a thorough investigation of the
hypotheses. Although these studies produced pifymmaril findings, from a macro level,
these findings make an important contribution ®uhderstanding of the mechanisms
involved in memory consolidation of emotional exeenScientific knowledge accumulates
via a dynamic process driven by both current astbhical developments (Graham &
Dayton 2002). The philosopher of science Karl Rogescribed this process as occurring
within a conventional logical framework built updimect observations that are
meticulously tested via independent replicationpfftr 1959; 1963). However it now
seems clear that this process can be flawed wigmtaesearch indicating a publication
bias towards statistically significant findingstlé expense of non-significant findings of
equal or greater merit (Scargle 2000). The morgrowersial view on the process of

scientific research proposed by Thomas Kuhn (19@é3gribes the accumulation of
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scientific knowledge as one where scientists waorkfortably within the boundaries of
their field (known as ‘normal science’) for longrjmels, but are punctuated by sharp
phases of revolution or ‘extraordinary sciencehe3e intermittent phases occur when
accepted paradigms suffer essential tensions anda@#onger accommodate new data,
forcing scientists to shed the constraints of #w@agigms in search of new understanding

(Kuhn 1963).

Scargle (2000) reported a publication bias forificamt findings at the expense of non-
significant findings of equal or greater merit. diibnally, in an examination of 44 peer-
reviewed meta-analyses covering a wide range afareevolutionary ecological biology,
Jennions & Moller (2002) found that, over time eeffsizes of published findings
decreased. This effect remained even when theteffesample size was controlled for.
The authors concluded that results suggest a @tiolitbias against weak findings or non-
significant results is the most parsimonious exgilem. Such an explanation proposes
that once a paradigm is established, it becomefehand harder to change, as non-
significant results are seemingly more likely toidpeored by the scientific community.
Such a process helps to maintain and extend sedgadlriods of ‘normal science’
according to Kuhn (1963), which ultimately hindargl delays a truer understanding of a
biological phenomenon. In order to avoid suchafifin the investigation of memory
consolidation for emotional material, it is imparmt&o give credence to the results
presented in this chapter equal to that of sigafidindings found elsewhere. Only by
doing so can an accurate understanding of the ggesdnvolved in memory consolidation
for emotional events be more quickly reached. &lieglings force a re-examination of
what is known about post learning stress hormotigation’s effect on memory
consolidation for emotional material. Ignoring Buesults may mean a new paradigm is

established on false merits and one that may reorahallenged for many years.
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As previously mentioned the mentioned above thekwegrJennions & Muller (2000)
suggests that once a paradigm is established dinties harder and harder to change. This
seems exactly the case concerning the effects bb&€motion. The mainstream view on
SCI’s effect on emotion was established in the $3fi0the basis of one study (Hohmann
1966). Despite much research disputing this figdimce then, the view still prevails, as
we see from the latest"Jpedition of the psychology undergraduate textbtArk

introduction to brain and behaviour” (Kolb & Whish&005), which insists that the

decline in emotional intensity is more marked tighbr the lesion is on the spine. This
view is also championed by the influential neurestist Antonio Damasio in his popular
science publication “The Feeling of what happerd®90, p.289), where he also states “the
higher the placement of damage in the spinal abedmore impaired feeling is”. This is
why the results of Chapter 3 are important as Hug/to the mass of studies that question
the mainstream view. These results make it pasiblthe ‘critical mass’ of opposing
findings to be reached that finally force a re-exeation of a once accepted finding, and as

Kuhn (1963) would describe it: provoke a periodeotraordinary science’ (1963).
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7.3 Ultimate functions of memory for emotional ¢gen

Males and females, and humans in general, have taeade range of selection pressures
in the evolutionary past; therefore one would expeemory and emotion to have evolved
to tackle these differing selective pressures.s Tiesis aimed to examine just how well
memory and emotion are equipped to deal with thels@tive challenges. As discussed in
Chapter 1, when a particular trait or behavioune® due to its fitness benefit it bestows
to an organism, a proximate mechanism must evblegermits the organism to produce
that characteristic (Sober & Wilson 1998). Therefany adaptive feature of an organism,
such as enhanced memory consolidation for emotewveaits, occurs because there is an
internal mechanism inside the organism that prosliiceBy understanding why we have
enhanced memory for emotional material we may étei how (proximately) we have
enhanced memory for emotional material. The dis@pf Evolutionary Psychology
argues that framing ultimate causes is an esseatjairement for any hypothesizing about
proximate causes and that any proximate causalthgpis is suspect without a firm
supporting ultimate explanation (Downes 2005).sThesis aimed to further our
understanding of both the proximate mechanismauétimdate functions of memory for

emotional events.

7.3.1 Sex differences in memory and emotion fos tuéhreat

As outlined in Chapter 1, males and females haderex differing selective pressures and
therefore should have evolved different cognitidegtations to solve these problems.
Chapters 4 & 5 of this thesis investigate the diffig selective pressures that have faced

males and females in the ancestral past and hygis¢heow memory and emotion may
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have evolved in an adaptive manner to tackle teeletive problems. Chapter 4
considers the argument that attaining and maimtgihigh social status is particularly
important for male reproductive success; and tbeegbredicts that memory and emotion
should interact in an adaptive manner so that nakesnore emotionally aroused by, and
show greater memory for stimuli implying they afdoav social status. For females,
physical appearance and sexual reputation are impatant for reproductive success;
therefore females would be predicted to have greatrisal to and enhanced memory for
stimuli implying they are physically unattractivedasexually unfaithful. This chapter also
looked at how self esteem influenced emotional sabto, and memory for ‘threat’

stimuli. Theory and research argues that femdieeseeem is more reliant on positive
self-perception of physical appearance, whereas s&df esteem is more closely tied to
self perception of their social status. Therefireas predicted that self esteem in females
would correlate negatively with emotional arousahhd memory for stimuli implying

they are physically unattractive. Self-esteem &las, on the other hand, was predicted to
negatively correlate with emotional arousal to, ememory for, stimuli implying they are

of low social status.

Chapter 4 examined these hypotheses by testirfigtbe/ing predictions:

a) Males will show greater arousal to, and enhancechong for, threatening verbal
words relating to ‘social status’.

b) Females will show greater arousal to, and enhanmeadory for, threatening verbal
words relating to ‘physical appearance’ and ‘sexaputation’

c) Self esteem is negatively correlated with recalbotial status’ threat words in

males, and ‘physical appearance’ threat wordsrmafes.

264



The first experiment in Chapter 4 employed the éonal Stoop task to measure emotional
reaction to the verbal stimuli. The second expentremployed the Dot Probe task to
measure emotional reaction to verbal stimuli. Bb#hemotional Stroop and dot probe
tasks failed to detect a differential emotionakte&m between males and females to the
different ‘threat’ stimuli. However, these nulhflings may be due to the fact that both
these tasks have mixed results in finding effe€enaotional arousal to ‘threat’ stimuli in
non-clinical samples. The finding that femalesve&od marginally significantly greater
recognition memory than males for FN words in Expent 1, and significantly greater
free recall and recognition memory than males #®m@rds in Experiment 2, strongly
suggests that females are more concerned withgalysmipearance than males. The
recognition memory scores of the second experisieoived a significant interaction in
memory performance in the hypothesized directieméles showed greater memory for
‘physical appearance’ words, while males showe@sapmemory for ‘social status’
words. The second experiment also showed a signifinegative correlation between
recognition memory for ‘physical appearance’ woadd self esteem in females. Thus
females with low self esteem have better memoryHiggatening stimuli relating to
physical appearance. This result highlights theartance of ‘self perception of physical

attractiveness’ for female self esteem and welhdpei
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The experimental studies carried out in Chapteno#ige evidence that memory and
emotion do interact in an adaptive fashion for maled females, with evidence that the
sexes remember stimuli that are most importartieontfrom the perspective of
reproductive success. The results highlight theced of sex on memory consolidation of
emotional events and also show that self-esteenaguiify the effect of sex; within
females those lowest in self esteem showed gressamory for words implying they are

physically unattractive.

7.3.1.1 Limitations and implications for futuresearch

The emotional Stroop and dot probe tasks failedetect a differential emotional reaction
between males and females to the different ‘thigatiuli. Although the literature shows
both these experimental paradigms are more suct@ssfetecting emotional reactions
when testing clinical samples, however, a possibhtetcoming of the use of the emotional
Stroop and dot probe tests in this study is theh &hareat’ word is only presented once.
Research employing these experimental paradignisatiyprepeats a set of stimuli, rather
than displaying each ‘threat’ word once. The reddweat’ words were only displayed
once per participant in this study was to avoideiling effect’ in memory performance for
threat words in the subsequent memory tests (uéipte exposure to the threat words
may have meant no differences in memory performamdd emerge). Future research
should also independently evaluate whether the svendployed in the study convey what
they intend to convey. This could be achieveddkiray individuals if the word
‘submissive’, foe example, conveys a feeling of leacial status to the viewer (in the

context of the particular experiment).
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The finding that males rate social status ‘threattds as likely to be relatively more
offensive to other males than to themselves mag raplications for future research in
the field of individual differences and personafigychology. Participants in this study
may either be consciously or subconsciously denthagcertain personality
characteristics are important to them, while, nénadess assuming they are important for
others. Additionally, the difference in male memperformance between the free recall
tests in Experiments 1 & 2 and the recognition mgmest in Experiment 2 suggest the
importance of perceived anonymity in research sfiature. Online questionnaires, for
example, have an ‘anonymous’ feel to them, withrdsponses ‘disappearing’ from view
once the ‘submit’ button is pressed. Participamty have less fear that the experimenter

will accidentally see their responses and ‘pasgguaent’ on them.

7.3.2 Sex differences in memory and emotion fas tmenfidelity

Chapter 5 investigated the selective pressureslationship infidelity that have faced
males and females and how memory and emotion may éxalved to address this
adaptive problem. In the ancestral past patewety always uncertain, therefore it is
argued that males evolved a brain module innatedgipposing them to jealousy
concerning a mate’s sexual infidelity (Buss 1992¢&males, on the other hand, risk losing
investment in offspring if a mate forms a pair bavith another female. Previous research
(Buss 1992) suggests that a sex specific jealotayn module does not exist, but rather
there is a more general mechanism at work. Camaéfdctors such as relationship status
may also be important in determining what typembéielity cues are more distressing.
For example, experience of committed relationshipensifies feelings of jealousy
regarding cues to sexual infidelity for females i({t#$a2000; 2003b). Therefore one would

predict that:
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a) Males will be more emotionally aroused by and hgrneater memory for cues to a
partner'ssexualinfidelity

b) Females will be more emotionally aroused by, anelggeater memory for, cues
to a partner'motionalinfidelity

c) Females in a committed relationship will show gee@motional arousal to, and

enhanced memory for, cues to sexual infidelity tfeanales not in a relationship.

Participants listened to an emotionally arousingatéeve containing cues to emotional
infidelity and cues to sexual infidelity, and aBmeutral' narrative matched for word
length and amount of information. GSR was recoidethe duration of both narratives to
give an index of emotional arousal to the infidetites. A thirty minute delay period
followed presentation of the stories, after whietggipants were given a free recall
memory test on both stories. The results of thdystevealed that females did not have
enhanced GSR activity or memory for emotional ielity cues in comparison to sexual
infidelity cues. Likewise, males did not displayhb@anced GSR activity or memory for
sexual infidelity cues in comparison to emotiomdidelity cues. Those currently in a
committed relationship, however, did elicit grea®&3R activity in response to cues to
sexual infidelity; however, they did not show entethmemory for these cues. Also, GSR
activity in response to cues to sexual and emotiofidelity did not correlate with

memory for those cues.
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7.3.2.1 Revising the innate module view ofojesy

Those in a committed relationship showed enhanc®@ &@sponsivity for cues to sexual
infidelity compared with those not in a committedationship. This is the most interesting
finding of the study, and together with Harris (2 2003b; who found a similar effect in
females) elucidates that experience of being elaionships intensifies feelings of
jealousy regarding cues to sexual infidelity. Relaship status differentially affected
memory for the arousing narrative for males anddiesn Males ‘not in relationship’
outscored females ‘not in a relationship’ but {hedtern was reversed for males and
females ‘in a relationship’. Although this intetian was only marginally significant, it

suggests that relationship experience differegtafects females compared to males.

The study did not find any support for the innatedular view of sexual jealousy, with no
evidence that males and females are innately wirde upset by different forms of
infidelity. Support for the Socio-Cognitive viewipbwas found with females in a
relationship displaying greater GSR responsivitgues to sexual infidelity. The finding
highlights the importance of contextual variabled how they might interact with more

hardwired sex differences.

To summarize, Chapter 5 presented data showingefatding relationship jealousy,
memory and emotion does not seem to function maed-wired’, sex specific manner,
instead contextual factors may be important, ssatektionship status and individual
differences in what type of infidelity people fingore emotionally arousing and thus more

memorable.
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7.4  Recognition memory for the faces of ‘liars’

Chapter 6 investigated recognition memory for tiee§ of ‘liars’ compared with the faces
of individuals ‘telling the truth’. During the cose of human evolution, humans have lived
in social groups (ranging from about 80 to 150 mersp(Dunbar 1999). However, in
order for group living to be adaptive, our ancestoust have been capable of detecting
and remembering acts of deception and the indiNgdpeerpetrating those acts, so that
appropriate action could be taken against themr{@es & Tooby 1992). Research also
indicates that individuals that score high on digtisaits have more difficulty at reading
emotional information from faces (Baron Cohen 199Fherefore it may be expected that
these individuals may have difficulty at detectilgs’ from individuals telling the truth.

This chapter specifically tested whether;

a) Individuals showed enhanced ability at detectirgysf from ‘truth-tellers’.

b) Individuals showed greater memory for the face'fia®’ than the faces of ‘truth-
tellers’.

c) The level of autistic traits correlated negativeith lie detection and memory

performance for ‘lying stimuli'.

Participants viewed a series of video clips, h&livbich contained footage of individuals
lying, the other half of which showed individuaddling the truth. Participants rated
whether they thought the individual in each clipsviing using a Likert rating scale.
Participants received a surprise memory test orithal stimuli approximately twenty
minutes following presentation. Results of thelgsia revealed participants did not have

enhanced performance at detecting ‘liars’ from 4liars’. Participants also did not show

270



enhanced memory for the faces of ‘liars’ compacethdividuals telling the truth. These
findings fail to support the literature that haswh enhanced memory for ‘cheaters’ or
‘free-riders’ over co-operators. Females, butmates, showed a significant positive

correlation between level of ‘Social Brain’ autistraits and success at detecting ‘liars’,

opposite to the predicted direction.

Chapter 6 did not show that memory and emotiorracted in an adaptive fashion to
enhance memory for the faces of ‘liars’. The falof participants to detect ‘lying stimuli’
suggests that the stimuli may not have emanatédisuat information to induce an
emotional reaction in participants. However, thizgss designed to be as ecologically valid

a test as possible.

7.4.1 Perhaps less is more regarding lie detection?

Neuropsychological evidence offers clues to th@ssing finding produced in this
chapter: that female ability at lie detection pesity correlates between with level of
‘Social Brain’ autistic traits. Etcoff et al. (19Prevealed how individuals made more
unreceptive to the content of speech, due to dateathe left hemisphere, performed
better than normal participants at detecting lidrsa more recent study, Etcoff, Ekman,
Magee & Frank (2000) found that individuals who &enable to understand words
(aphasics) were significantly better than individuaithout a language impairment, at
detecting lies. Individuals with autism also hawpaired language ability. Thus these
results are consistent with our observation thaiales high in autistic traits out performed
more socially adept females in this study. Horisp® & Karasik (2002) found that
individuals fared better at detecting lies whendbality of the video footage was distorted

both spatially and temporally. The authors sugtiesthighly impairing the video quality
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may mask cues that are actually non-diagnostiging! It is perhaps possible that
receiving ‘all’ the visual and verbal informatioroim an individual in the act of lying may
allow the ‘liar’ to mask their lie. Reduced pertiep of information, either via poor image
quality as above or via an inability to detect msubtle social information (as in
individuals high in certain autistic traits) maytaelly enhance lie detection ability. It may
be that non-verbal body language is the most ingmbihformation and that ‘liars’ may
use speech to mask their lie. Individuals withag or high in ‘social brain’ autistic

traits may be more unreceptive to the masking etiespeech and rely instead on non-
verbal cues. Congruent with this theory is a figdby Forrest & Feldman (2000) that
individuals relatively uninvolved in a judging takkd better success at detecting liars than
those highly involved. The authors propose thatrtiechanism responsible for this is that
those with low task involvement focus on non-vertigs whereas those with high task

involvement rely more on speech cues.

It is possible that the participants in the stutdspnted in Chapter 6 were not sufficiently
motivated to detect ‘liars’. It may be argued tthet consequences for not detecting ‘liars’
accurately were not severe enough to sufficientiyivate participants to perform well.

Lie detection performance may have been bettéeitimuli were more personally salient
and emotionally arousing, and also if the consegeffor failing to detect liars was
greater. However, the research by Forrest & Fetd(®802) suggests that greater
motivation to detect lies may in fact lead to geeatliance on verbal rather than nonverbal
cues, which in turn leads to impaired lie detecpenformance. Further research should
continue to investigate how motivation to deteatdiaffects lie detection performance, so

a clearer picture of the effects of motivation endetection can be determined.
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The significant positive correlation between ‘So8gain’ autistic traits and success at
detecting liars in females in this study, couplathyrevious research outlined above
suggests performance at detecting liars may nessecily be facilitated by a very socially
adapted brain. Instead less socially skilled imtligls may not register or process all the
information that is being emitted from a ‘lyingrstilus’, much of it which may cloud

judgement at detecting cues to lying.

7.5 General Conclusion

The studies reported in this thesis represent goitant stepping stone for a more
complete and fundamental understanding of the prata processes and ultimate
functions concerning memory consolidation for el events. Previous research
indicating the post-learning stress hormone adgtiwanteracts with the degree of arousal
at encoding to enhance memory for emotional mdteeieds to be reassessed in light of
the findings of this research. The mainstream \tieav SCI impairs emotional arousal,
perception, and identification due to reduced aomain feedback from the body to the
brain also needs to be re-examined. The findiagttiis reduced autonomic feedback to
the brain, via total spinal cord transection, @ses not impair memory consolidation is a
novel finding and one that contributes to the grgrccumulation of knowledge
regarding memory consolidation mechanisms for emnalievents. Chapters 4, 5 and 6
looked at ultimate functions of memory for emotibeeents, and provided some evidence
that memory and emotion do interact in a mannegagmt with the differing selective
pressures that have faced males and females.x&opée, females showed enhanced
memory for threatening words relating to physiqagdearance. Evidence was also

produced suggesting that relationship status may tieter predictor of arousal in
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response to cues to sexual infidelity than ‘seXithough Chapters 2 and 3 yielded some
non-significant findings, and findings that conicaed the mainstream view, these
findings should serve the important function ofratiating a reassessment and re-

examination of the hypotheses they have challenged.
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Appendices

Appendix 1
Narration for Cahill slide presentation narration

Slide 1
“A mother and son are leaving home in the morning”

Slide 2
“She is taking him to visit his father’s workplace”

Slide 3
“The father is a chief laboratory technician inearby hospital”

Slide 4
“They check before crossing a busy road”

Slide 5
“While crossing the road, the boy is struck by maway car which critically injures him”

Slide 6
“At the hospital the staff prepare the emergenomao which the boy is rushed”

Slide 7
“All morning long surgeons struggle to save thedbfg”

Slide 8
“Specialised surgeons were able to successfullyagathe boys severed feet”

Slide 9
“After the surgery while the father stayed with they the mother left to phone her other
child’s preschool”

Slide 10
“Feeling distraught she phones the pre-schoolltthim she will soon pick up her child”

Slide 11
“Heading to pick up her child, she hails a taxite no. 9 bus stop”
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Appendix 2.
Cabhill slide presentation recognition memory test

Key: Correct responses are underlined. Questions id"'boe pertaining to central details.

Date: Time: Participant ID code:

Recognition Memory Test

There will be 5-9 multiple choice questions pedeliand | will begin with slide 1 and
move progressively on to subsequent slides. | telllyou exactly when the questions
refer to the next slide. You will always know tdeh slide (out of 11) a question refers.
Sometimes a question will tell you that you weghtior wrong on a previous question. If
you find out you were right, great, if you were wgo just keep going.

Slide 1:1

Who is pictured in slide 1?
(a) a mother and her son
(b) a father and his son
(c) a mother and father
(d) no one is pictured

Slide 1:2
What are the mother and son doing?
(a) eating at a table
(b) leaving home
(c) walking
(d) riding in a car

Slide 1:3
Where are the mother and son standing?
(a) in front of a school
(b) in front of their home
(c) at a bus stop
(d) next to their car

Slide 1:4

What is the mother doing?
(a) locking the house door
(b) tying her son’s shoe
(c) getting into her car
(d) standing in a doorway
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Slide 1:5
What is the colour of the house door?
(a) green
(b) black
(c) red
(d) blue

Slide 1:6

What is visible in the foreground of the picture?
(a) lawn
(b) trees

(c) steps
(d) driveway

Slide 1:7
What is the boy carrying?
(a) a soccer ball
(b) his lunch
(c) a backpack
(d) his teddy bear

Slide 1:8
What time of day is it?
(a) morning
(b) afternoon
(c) evening
(d) was not mentioned

Now the second slide

Slide 2:1
Who is pictured in slide 27?
(a) mother
(b) son
(c) mother and son
(d) mother and son and one other person in background

Slide 2:2
What are they doing?
(a) standing
(b) sitting
(c) walking
(d) running
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Slide 2:3
Where are they going?
(a) to school
(b) shopping
(c) father's workplace
(d) mother’s workplace

Slide 2:4
What is their position relative to each other?
(a) walking arm in arm
(b) walking hand in hand
(c) he is holding her jacket
(d) there is no contact between them

Slide 2:5
What is their position relative to each other friha viewer’s perspective?
(a) he is on the left
(b) he is on the right
(c) he is in front of her
(d) he is behind her

Slide 2:6

You were told that they
(a) had long planned to do this
(b) did it on the spur of the moment
(c) did it after receiving a phone call
(d) no such information was given

Slide 2:7
Their facial expression is
(a) neutral
(b) sad
(c) happy
(d) excited

Slide 2:8
How much of the child can you see?
(a) full body
(b) shoulder up
(c) waist up
(d) knees up

Slide 2:9
Which direction are they walking relative to thewer?
(a) towards the viewer
(b) away from the viewer
(c) to the left
(d) to the right

Now the third slide
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Slide 3:1
Who or what is pictured next?
(a) the mother and son
(b) the father
(c) all three
(d) a hospital

Slide 3:2
You were told that the father’s occupation is
(a) a school teacher
(b) a surgeon
(c) a laboratory technician
(d) hospital custodian

Slide 3:3

What is the father doing in this slide?

(a) working at a lab bench

(b) looking into a microscope

(c) sweeping the floor

(d) posing, looking directly at the camera

Slide 3:4

Relative to the viewer he faces
(a) left
(b) right
(c) directly towards the viewer
(d) away from the viewer

Slide 3:5
Pictured in the background is
(a) a microscope
(b) a door
(c) a window
(d) some chemicals

Slide 3:6

The father has
(a) glasses
(b) beard
(c) both
(d) neither
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Now the fourth Slide
Slide 4:1
Who is pictured in the next slide?
(a) mother
(b) mother and son
(c) father and son
(d) no one

Slide 4:2
What are the mother and son doing?
(a) getting into a car
(b) getting into a bus
(c) waiting at a stop light
(d) checking before crossing the street

Slide 4.3
Which direction are they looking at from the vievggrerspective?
(a) both left
(b) both right
(c) mother left and son straight ahead
(d) mother right and son straight ahead

Slide 4.4
What is in the background?
(a) trees
(b) a house
(c) a parked car
(d) a bicycle

Slide 4:5
The boy stands where relative to the mother froenviBwer’s perspective?
(a) on the right
(b) on the left
(c) in front of her
(d) behind her

Slide 4:6
They are standing next to a
(a) street sign
(b) parked car
(c) stop light
(d) telephone pole
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Now the fifth slide
Slide 5:1
What is pictured next?
(a) an intersection
(b) an ambulance
(c) a car off the road
(d) a tow truck with a car

Slide 5:2
What happened in this slide?
(a) the boy saw a bad accident happen
(b) the boy was hit by a run away car
(c) the boy saw some wrecked cars in a junk yard
(d) they walked past the scene of a minor accident

Slide 5:3

You were told that the boy
(a) was knocked unconscious
(b) was critically injured
(c) was trapped under the car
(d) was mildly hurt

Slide 5:4

Who was visible in the slide?
(a) mother
(b) boy
(c) some unnamed people
(d) no one

Slide 5:5
The colour of the car was
(a) green
(b) grey
(c) blue
(d) brown

Slide 5:6

The car was facing
(a) towards the viewer to the right
(b) away from the viewer to the right
(c) towards the viewer to the left
(d) away from the viewer to the left
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Slide 5:7
In addition to the car you could also see
(a) an ambulance
(b) a tow truck
(c) other cars driving by
(d) a parked car in the background

Slide 5:8

What was located in the foreground of the picture?

(a) a bicycle

(b) a fire hydrant

(c) some broken glass
(d) a water-sewer cover

Slide 5:9
The colour of the hydrant was
(a) white
(b) yellow
(c) red
(d) two-toned

Now the sixth slide

Slide 6.1

What is pictured next?
(a) a tow truck
(b) an ambulance
(c) a busy street

(d) a hospital

Slide 6.2
You were told that the hospital staff
(a) prepared the emergency room for the boy
(b) are working on victims of a bus crash
(c) are preparing for a disaster drill
(d) it was not mentioned

Slide 6.3
What is the colour of the hospital?
(a) green
(b) pale blue
(c) grey
(d) light brown
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Slide 6.4

What is the name of the hospital?
(a) Bannam County hospital
(b) County Hospital
(c) Victory Memorial hospital
(d) St. Vincent’s Hospital

Slide 6.5

What kind of vehicles are pictured in front of tinespital

(a) cars

(b) ambulances

(c) supply trucks

(d) none are pictured

Slide 6.6
How much of the hospital is visible
(a) ground floor only

(b) ground floor and the second floor

(c) many floors
(d) many floors and the roof

Now the seventh slide

Slide 7:1
What is pictured next?
(a) mother
(b) surgeons
(c) father
(d) nurses

Slide 7:2
Where are the surgeons pictured?
(a) in_an operating room
(b) scrubbing for surgery
(c) in a hallway
(d) by a door

Slide 7:3

The surgeons were
(a) talking with the boy’s parents
(b) practicing drill procedures
(c) working on the boy
(d) it was not mentioned
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Slide 7:4
What people were visible?
(a) boy and surgeons
(b) several surgeons in the background
(c) several surgeons in the background and one irotiegifound
(d) two surgeons in the foreground

Slide 7.5

The surgeon in the foreground is wearing
(a) a surgical gown only
(b) a surgical gown and surgical hat
(c) glasses and a surgical gown
(d) all of these

Slide 7.6
What is the expression on his face?
(a) sad
(b) happy
(c) neutral
(d) shocked

Slide 7.7
You were told that the surgeons worked
(a) all morning long
(b) all day long
(c) all afternoon long
(d) it was not mentioned

Now the eighth slide
Slide 8.1
What is pictured next?
(a) doctors talking to nurses
(b) father and mother
(c) the boy after surgery
(d) the father and the boy

Slide 8.2

What had been done to the boy?
(a) skin grafts were put on his legs
(b) his feet were re-attached
(c) his broken legs were in cast
(d) it was not mentioned
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Slide 8.3

What part of the boy is shown?
(a) head only
(b) whole body

(c) legs only
(d) torso only

Slide 8:4
Where were scars visible on the body?
(a) on feet
(b) near the ankles
(c) onthe knees
(d) there were no scars visible

Slide 8:5
What else is pictured besides the boy?
(a) a surgical tool
(b) an iv drug line
(c) a pillow
(d) nothing

Slide 8:6
What is the position of the boy?
(a) lying on his stomach
(b) lying on his back
(c) lying on his side
(d) sitting

Now the ninth slide
Slide 9:1
Who leaves the hospital?
(a) the father
(b) the mother
(c) the mother and the son
(d) the mother and the father

Slide 9:2
Why does the mother leave?
(a) to call her parents
(b) is late for her job
(c) to call her other child’s school
(d) has an appointment
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Slide 9.3
What is she holding in her hand?
(a) her purse
(b) her keys
(c) a soccer ball
(d) nothing

Slide 9.4
What is she walking near?
(a) a_police station
(b) a train station
(c) a library
(d) a sky scraper

Slide 9:5
What is she walking towards?
(a) a street light
(b) a taxi stand
(c) a street vendor
(d) a telephone booth

Slide 9:6

Which way is she facing?
(a) towards viewer
(b) away from viewer
(c) walking to the left
(d) walking to the right

Slide 9.7
The mother’s purse is where?
(a) in her hand
(b) over her shoulder
(c) she is not carrying a purse

Slide 9:8
In the middle of the picture is a:
(a) tall tree
(b) stop sign
(c) tall pole
(d) garbage can
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Now the tenth slide

Slide 10.1
Where is the mother?
(a) in a police car
(b) on a curb
(c) in a telephone booth
(d) getting into a taxi

Slide 10:2

Who does the mother call?
(a) her parents
(b) her boss
(c) her child’s school
(d) the taxi company

Slide 10.3

What is she leaning on?
(a) a_soccer ball
(b) her purse
(c) a telephone book
(d) the door

Slide 10.4

The phone is where, relative to the mother fromMibever’'s perspective?

(a) on the right
(b) on the left

(c) behind the mother
(d) is not visible at all

Slide 10:5
The mother was described as
(a) feeling tired
(b) feeling distraught
(c) running late
(d) feeling anxious

Now the eleventh slide

Slide 11:1
Where is the mother now?
(a) at a bus stop
(b) at a taxi stand
(c) at home
(d) outside her office building
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Slide 11:2
What is she doing at the bus stop?
(a) waiting for a bus
(b) trying to hail a cab
(c) crossing the street
(d) looking for her keys

Slide 11:3
Where is she going?
(a) to speak with her child’s teacher
(b) to pick up her other child
(c) to her parents house
(d) it was not clear

Slide 11:4
What is pictured in the right foreground?
(a) a stop sign
(b) a bench
(c) a speed limit sign
(d) an approaching bus

Slide 11:5
What is the speed limit on the sign?
(a) 25 mph
(b) 35 mph
(c) 40 mph
(d) cannot be read

Slide 11:6
What is the number of the bus stop where she iEng&i
(a) No.13
(b) No.12
(c) No.9
(d) No.15
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Appendix 3

The Auditory Verbal Learning Test (AVLT A/B)

Do not re-read List A for recall Trial A6 or A7

Recall trials Recall trials

List A 1 23|45 |ListB Bl | A6 | A7¢20m
Drum Desk
Curtain Ranger
Bell Bird
Coffee Shoe
School Stove
Parent Mountain
Moon Glasses
Garden Towel
Hat Cloud
Farmer Boat
Nose Lamb
Turkey Gun
Colour Pencil
House Church
River Fish
# correct
Total Al to A5=
Trial A6-Ab5=
Recognition # targets correctly identified =

# distracters correctly ideetf =

Trial A1,B5 instructions: “I am going to read a list of words. Listenefaily, for when |
stop, you are to repeat back as many words asa@ueenember. It doesn’'t matter in what
order you repeat them. Just try to remember ay @suyou can.”

Trial A2-5 instructions: Now | am going to read the same words again,carog again
when | stop, | want you to tell me as many wordgas can remember, including words
you said the first time. It doesn’t matter in whbatler you say them. Just say as many
words as you can remember, whether or not youteem before.”

Trial A6 : “l now want you to recall as many of the wordsnfrlist A as you can”

After 20 minute delay

Trial A7 : “l now want you to recall as many of the wordsh list A as you can.”

“I would now like to give you a short recognitiogst involving the words from List A. |
will call out a list of words, if you recognize onéthose words as belonging to List A
please call out ‘yes’, if you think a word does hetong to List A, please call out ‘no’. |
will start now.”

341



Word List for testing RAVLT recognition

Bell (A) Home (SA) Towel (B) Boat (B) Glasses (B)
Window (SA) | Fish (B) Curtain (A) Hot (PA) Stocki&B)
Hat (A) Moon (A) Flower (SA) Parent (A) Shoe (B)
Barn (SA) Tree (PA) Colour (A) Water (SA) Teach8A]
Ranger (B) Balloon (PA)| Desk (B) Farmer (A) StoBg (
Nose (A) Bird (B) Gun (B) Rose (SPA)| Nest (SPB)
Weather (SB) | Mountain (B) Crayon (SA) Cloud (B) Children (SA)
School (A) Coffee (A) Church (B) House (A) Drum (A)
Hand (PA) Mouse (PA) | Turkey (A) Stranger (PB)offee (PA)
Pencil (B) River (A) Fountain (PB) Garden (A) Lar(®)

“The trial is now over”
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Appendix 4

Bem sex role inventory (BSRI)

Please indicate on a 7-point scale how well eachtbe 60 characteristics listed below

describes you.

Never | Usually | Sometimes | Occasionally | Often | Usually | Always
or not true but true true true or
almost infrequently almost
never true always
true true
1 2 3 4 5 6 7

1 | Self-reliant 1 2 3 4 5 6 7

2 | Yielding 1 2 3 4 5 6 7

3 | Helpful 1 2 3 4 5 6 7

4 | Defendsown |1 2 3 4 5 6 7

beliefs

5 | Cheerful 1 2 3 4 5 6 7

6 | Moody 1 2 3 4 5 6 7

7 | Independent 1 2 3 4 5 6 7

8 | Shy 1 2 3 4 5 6 7

9 | Conscientious | 1 2 3 4 5 6 7

10 | Athletic 1 2 3 4 5 6 7

11 | Affectionate 1 2 3 4 5 6 7

12 | Theatrical 1 2 3 4 5 6 7

13 | Assertive 1 2 3 4 5 6 7

14 | Flatterable 1 2 3 4 5 6 7

15| Happy 1 2 3 4 5 6 7

16 | Strong 1 2 3 4 5 6 7

personality

17 | Loyal 1 2 3 4 5 6 7

18 | Unpredictable |1 2 3 4 5 6 7

19 | Forceful 1 2 3 4 5 6 7
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Never | Usually | Sometimes | Occasionally | Often | Usually | Always
or not true but true true true or
almost infrequently almost
never true always
true true
20 | Feminine 1 2 3 4 5 6 7
21 | Reliable 1 2 3 4 5 6 7
22 | Analytical 1 2 3 4 5 6 7
23 | Sympathetic 1 2 3 4 5 6 7
24 | Jealous 1 2 3 4 5 6 7
25| Has leadership| 1 2 3 4 5 6 7
abilities
26 | Sensitive to the| 1 2 3 4 5 6 7
needs of others
27 | Truthful 1 2 3 4 5 6 7
28 | Willing to take |1 2 3 4 5 6 7
risks
29 | Understanding | 1 2 3 4 5 6 7
30 | Secretive 1 2 3 4 5 6 7
31 | Makes 1 2 3 4 5 6 7
decisions easily
32 | Compassionatel 1 2 3 4 5 6 7
33 | Sincere 1 2 3 4 5 6 7
34 | self-sufficient |1 2 3 4 5 6 7
35| Eager to 1 2 3 4 5 6 7
soothe hurt
feelings
36 | Conceited 1 2 3 4 5 6 7
37 | Dominant 1 2 3 4 5 6 7
38 | Soft-spoken 1 2 3 4 5 6 7
39 | Likable 1 2 3 4 5 6 7
40 | Masculine 1 2 3 4 5 6 7
41 | Warm 1 2 3 4 5 6 7
42 | Solemn 1 2 3 4 5 6 7
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Never | Usually | Sometimes | Occasionally | Often | Usually | Always
or not true but true true true or
almost infrequently almost
never true always
true true
43 | Willing to take | 1 2 3 4 5 6 7
a stand
44 | Tender 1 2 3 4 5 6 7
45 | Friendly 1 2 3 4 5 6 7
46 | Aggressive 1 2 3 4 5 6 7
47 | Gullible 1 2 3 4 5 6 7
48 | Inefficient 1 2 3 4 5 6 7
49| Acts as a 1 2 3 4 5 6 7
leader
50 | Childlike 1 2 3 4 5 6 7
51 | Adaptable 1 2 3 4 5 6 7
52 | Individualistic |1 2 3 4 5 6 7
53 | Does notuse |1 2 3 4 5 6 7
harsh
language
54 | Unsystematic |1 2 3 4 5 6 7
55 | Competitive 1 2 3 4 5 6 7
56 | Loves children | 1 2 3 4 5 6 7
57 | Tactful 1 2 3 4 5 6 7
58 | Ambitious 1 2 3 4 5 6 7
59 | Gentle 1 2 3 4 5 6 7
60 | Reliable 1 2 3 4 5 6 7
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Ap

pendix 5

Big 5

Please read the following instructions carefully

On the following pages, there are phrases desgripgople's behaviours. Please use
the response options below to describe how acduraeseh statement describes you.
Describe yourself as you generally are now, noty@as wish to be in the future.
Describe yourself as you honestly see yourselfelation to other people you know of
the same sex as you are, and roughly your sameSagiat you can describe yourself
in an honest manner, your responses will be keptbsolute confidence. Please read
each statement carefully, and then circle the nuntbet corresponds with how
accurately the statement describes you.

Response Options

1: Very Inaccurate 2: Moderately Inaccurate 3: Neither Inaccurate nor Accurate
4. Moderately Accurate 5: Very Accurate

. Am the life of the party.

. Feel little concern for others.

. Am always prepared.

. Get stressed out easily.

. Have a rich vocabulary.

. Don't talk a lot.

. Am interested in people.

. Leave my belongings around.

O[NNI WIN (-

. Am relaxed most of the time.

[N
o

. Have difficulty understanding abstract ideas

=
[EEN

. Feel comfortable around people.

[EnN
N

. Insult people.

=
w

. Pay attention to details.

=
SN

. Worry about things.

=
(&)

. Have a vivid imagination.

=
(o]

. Keep in the background.

=
\l

. Sympathise with other’s feelings.

=
[00]

. Make a mess of things.

=
(o]

. Seldom feel sad.

N
o

. Am not interested in abstract ideas.

N
[y

. Start conversations.

N
N

. Am not interested in other people’s problems

N
w

. Get chores done right away.

N
N

. Am easily disturbed.

N
(63}

. Have excellent ideas.

N
(o3}

. Have little to say.

N
~

. Have a soft heart.

RPlRrlkrlRrlRr|lRrlRrRrIRIPIPIPIRPIRPIPIP|IPIRPIPP|FP|FP|P[R|R|FP|~
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o (o o1 o1 (o1 |O1 (Ol (o1 (O1 (O O (o1 (Ol (O1 |O1 o1 Ot o1 (O (O[O o1 (o1 o1 (O |01 (Ol
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28.

Often forget to put things back in their prop

place

er

29.

Get upset easily.

30.

Do not have a good imagination.

31.

Talk to a lot of different people at parties

32.

Am not really interested in others.

33.

Like order.

34.

Change my mood a lot.

35.

Am quick to understand things.

36.

Don't like to draw attention to myself.

37.

Take time out for others.

38.

Shirk my duties.

39.

Have frequent mood swings.

40.

Use difficult words.

41.

Don't mind being the centre of attention

42.

Feel others’ emotions.

43.

Follow a schedule.

44,

Get irritated easily.

45.

Spend time reflecting on things.

46.

Am quiet around strangers.

47.

Make people feel at ease.

48.

Am exacting in my work.

49.

Often feel sad.

50. Am full of ideas.

Pl lkrRrlRrPIRPIPIRPIRPIPIPIPPIRPIP|FP|P[R[R[FP|F, |~

NN NN N IN N (NN NN N NN (NN (NN NN NN (N
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Appendix 6

Chapter 2 Experiment 1

Recognition memory for central details and theot$fef CPS

There was no ‘slide phase’ * ‘sex’ interaction iemory scores for central details
[F(2,90)=.616, p=.542]. There was no ‘slide phasstress condition’ interaction on
memory scores for central details [F(2,90)=1.0573p2]. There was also no ‘slide
phase’ * ‘sex’ * ‘experimental condition’ interaoti on recognition memory scores for
central details. There was no main effect of ‘sex'memory scores for central details
[F(1,45)=.392, p=.534]. There was also no mairafof ‘stress condition’ on memory
scores [F(1,45)=.428, p=.516]. There was alscsa®’ * ‘stress condition’ interaction on

memory scores for central details [F(1,45)=.5345/6].

Figure 8.1  Recognition memory scores for central details: smiakrsus females. Error

bars represent +1/-1 standard error of the mean.
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Figure 8.2  Effects of CPS on recognition memory for centrabds males versus

femalesError bars represent +1/-1 standard error of thenrme
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Recognition memory performance for peripheral dstand the effects of CPS

There was no ‘slide phase’ * ‘sex’ interaction oamory scores for peripheral details
[F(1.727, 77.715)=.46, p=.605]. There was no ‘sfithase’ * ‘stress condition’ interaction
on free recall memory scores [F(2,90)=1.148, p3.32here was also no ‘side phase’ *
‘sex’ * ‘stress condition’ interaction on memoryoses for peripheral details [F(1.727,
77.715)=.295, p=.745]. There was no main effecséex’ on peripheral memory scores
[p=.968]. There was no main effect of ‘stress ctiadi on peripheral memory scores [F(1,
45)=.009, p=.924]. There was also no ‘sex’ * ‘esipental condition’ interaction on

memory scores for peripheral details [F(1,45)=.8343]

Figure 8.3  Recognition memory for peripheral details: malesus femalesError bars

represent +1/-1 standard error of the mean.
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Figure 8.4

Effect of CPS on recognition memory for periphetetails: males versus

females. Error bars represent +1/-1 standard efrtire mean.
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Sex related traits, memory performance for cerdral peripheral details, and the effects

of CPS
Central details

There was no ‘slide phase’ * ‘experimental conditimteraction on memory scores for
central details [F(2,86)=1.332, p=.269]. There waig® no ‘slide phase’ * ‘stress
condition’ * ‘Bem sex’ interaction on memory scoffes central details [F(2,86)=.145,
p=.865. There was no main effect of ‘stress caswliton memory scores for central
details [F(1,43)=.47, P=.497]. There was no maifect of ‘Bem sex’ on memory scores
for central details [F(1,43)=3.248, p=.079]. Thesas no ‘stress condition’ * ‘Bem sex’
interaction on memory scores for central detai(d #3)=1.855, p=.18. No difference in
‘total’ recognition memory for central details wimsind between ‘Bem males’ and ‘Bem

females’ in the CPS group [F(1,21)=.111,p=.742]

Figure 8.5 Recognition memory for central details ‘Bem males'sus ‘Bem females’.

Error bars represent +1/-1 standard error of tharme

—&— bem male
100 1

o5 | —— bem female
90 -
85 - .\'_ __ =

80 1
75 ‘

Neutral

Recognition memory scores for
central details (mean % correct)

Emotional ‘ Concluding

Story 'phase’ of slide presentation

352



Figure 8.6

versus ‘Bem females’. Error bars represent +1afhddrd error of the mean.
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Peripheral details

There was no ‘slide phase’ * ‘stress conditionénaiction on memory for peripheral details
[F(2,86)=1.356, p=.263]. There was no ‘slide ph&sBem sex’ interaction on memory
scores for central details [F(2,86)=.415, p=.66Rkre was also no ‘slide phase’ *
‘experimental condition’ * ‘Bem sex’ interaction anemory for peripheral details
[F(2,86)=.305, p=.738]. There was no main eftédcstress condition’ on memory scores
for peripheral details [F(1,43)=.051, p=.823]. féwvas no main effect of ‘Bem sex’ on
memory scores for peripheral details [F(1,43)=1,385246]. There was also no ‘stress
condition™ ‘Bem sex’ interaction on memory scoffes peripheral details [F(1,43)=2.305,

p=.136]. See Figures 8.7 and 8.8.

Figure 8.7  Recognition memory for peripheral details: ‘Bem esalersus ‘Bem

females’. Error bars represent +1/-1 standard @frtdre mean.
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Figure 8.8

versus ‘Bem females’. Error bars represent +1afhddrd error of the mean.
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Appendix 7

Chapter 2 Experiment 2

Recognition memory performance for central detaiid the effect of CPS

A 2-way repeated measure ANOVA revealed there wdslide phase’ * ‘sex’ interaction
on memory scores for central details [F(2,130)=9,18=.323]. There was no ‘slide phase’
* 'stress condition’ interaction on memory scores dentral details [F(2,130)=.247,
p=.782]. There was also no ‘slide phase’ * ‘strassdition’ * ‘sex’ interaction on
recognition memory scores for central details. @halysis also revealed no main effect of
‘stress condition’ on memory scores [F(1,65)=.934,343], and no main effect of ‘sex’ on
memory scores [F(1,65)=.197, p=.659]. There was ads'stress condition’ * ‘sex’
interaction on memory scores for central details 6%)=.346, p=.558] (see Figures 9.1 &

9.2)
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Figure 9.1  Recognition memory for central details: males verfemales. Error bars

represent +1/-1 standard error of the mean.
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Figure 9.2  Effects of CPS on recognition memory for centrabds males versus

females. Error bars represent +1/-1 standard efrtire mean.
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Recognition memory performance for peripheral dstand the effects of CPS

A 2 way repeated measures ANOVA revealed therenwdslide phase’ * ‘sex’

interaction on memory scores for peripheral de{&{2,130)=.305, p=.737]. There was
no ‘slide phase’ * ‘stress condition’ interaction memory scores for peripheral details
[F(2,130)=.148, p=.862]. There was also no ‘sfithase’ * ‘sex™ ‘stress condition’
interaction on memory scores for peripheral detallee analysis also revealed that there
was no main effect of ‘sex’ on memory scores faigieral details [F(1,65)=.349,
p=.557]. The was also no main effect of ‘stressdd@n’ on memory scores for
peripheral details [F(1,65)=.776, p=.382]. Therswlso no ‘sex’ * ‘stress condition’
interaction on memory scores for peripheral de{&i{4,65)=0001, p=.994] (see Figures

9.3 &9.4)

Figure 9.3
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Figure 9.4
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Sex related traits, memory performance for cerdral peripheral details, and the effects

of CPS stress

Reliability: Cronbachs Alpha was used to deterniireeinternal reliability of both the
masculine and feminine dimensions of the BSRI. B@m masculinityw = .84, for Bem

femininity a = .77.

Central details

A 2 way repeated measures ANOVA revealed therenwaslide phase’ * ‘stress
condition’ interaction on memory scores [F(2,13683, p=.555] for central details. There
was also no ‘slide phase’ * ‘Bem sex’ interactianraemory performance. There was a
‘side phase’ * ‘stress condition’ * ‘Bem sex’ int&tion on memory performance for
central details [F(2,130)=3.361, p=.039]. Furthealysis revealed this was due to CPS
group ‘Bem males’ having significantly greater meynfor the Neutral phase than CPS
group ‘Bem females’ [F(1,25)=9.02, p=.006]. Theses no significant main effect of
‘stress condition’ on memory scores for centrabde{F(1,65)=2.567, p=.116]. There
was no main effect of ‘Bem sex’ on memory perforoefF(1,65)=.925, p=.341]. There
was a significant interaction of ‘stress conditiériBem sex’ on memory performance
[F(1,65)=4.596, p=.037]. A one way ANOVA reveal#ds interaction was due to control
group ‘Bem females’ having significantly great tateemory performance for central

details than CPS group ‘Bem females’ [F(1,24)=5p028]. (see Figures 9.5 & 9.6 )
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Figure 9.5

Recognition memory for central details: ‘Bem mabkestsus ‘Bem females’.

Error bars represent +1/-1 standard error of tharme
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Figure 9.6  Effects of CPS on recognition memory for centrabde ‘Bem males’

versus ‘Bem females’. Error bars represent +1afhddrd error of the mean.
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Peripheral details

A 2 way repeated measures ANOVA revealed therenwaslide phase’ * ‘stress
condition’ interaction on memory scores for perigieletails [F(2, 130 )=.173, p=.814].
There was no ‘slide phase’ * ‘Bem sex’ interact@mmemory scores [F(2, 130 )=1.58,
p=.211]. There was also no ‘slide phase’ * ‘strassdition’ * ‘Bem sex’ interaction on
memory scores for peripheral details [F(1.7, 82393, p=.555]. The analysis also
revealed no main effect of ‘stress condition’ ommoey scores for peripheral details.
There was also no main effect of ‘Bem sex’ on megnszores for peripheral details [F(1,
47)=1.428, p=.238). There was no also no ‘stresslition’ * ‘Bem sex’ interaction on

memory scores for peripheral details [F(1,47)=1,2#0271]. (see Figures 9.7 & 9.8)

Figure 9.7  Recognition memory for peripheral details: ‘Bem esalersus ‘Bem

females’. Error bars represent +1/-1 standard @frdre mean.

—o— male bem
—B— female bem

n (o2} ~l
o o o
I I ]

w B
o o
I I

N
o

Neutral Emotional Concluding

Recognition memory for peripheral
details (mean % correct)

Story 'phase’ of slide presentation

363



Figure

versus ‘Bem females’. Error bars represent +1afhddrd error of the mean.
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Appendix 8

Spielberger State anxiety questionnaire

A number of statements which people have usedgorite themselves are given below.
Read each statement and then circle the numbecdha&sponds to the appropriate
response to indicate how you feigiht now,that is athis moment There are no right or
wrong answers. Do not spend too much time on aeystatement but give the answer
which seems to describe you present feelings best.

Not at all | Somewhat Moderately so Very much
1 | Ifeelcalm 1 2 3 4
2 | | feel secure 1 2 3 4
3 | lamtense 1 2 3 4
4 | | am regretful 1 2 3 4
5 | | feel at ease 1 2 3 4
6 | | feel upset 1 2 3 4
7 | I am presently worrying |1 2 3 4
over possible misfortunes
8 | | feel rested 1 2 3 4
9 | | feel anxious 1 2 3 4
10 | | feel comfortable 1 2 3 4
11 | | feel self- confident 1 2 3 4
12 | | feel nervous 1 2 3 4
13 | | am jittery 1 2 3 4
14 | | feel “high strung” 1 2 3 4
15| | am relaxed 1 2 3 4
16 | | feel content 1 2 3 4
17 | | am worried 1 2 3 4
18 | | feel over excited and 1 2 3 4
“rattled”
19 | | feel joyful 1 2 3 4
20 | | feel pleasant 1 2 3 4
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Appendix 9
Spielberger Trait anxiety questionnaire

A number of statements which people have usedgorite themselves are given below.
Read each statement and then circle the numbecdh@&sponds to the appropriate
response to indicate how ygenerallyfeel. There are no right or wrong answers. Do no
spend too much time on any one statement but geanswer which seems to describe
how you generally feel.

Almost | sometimes| often | Almost
never always
1 | feel pleasant 1 2 3 4
2 | tire quickly 1 2 3 4
3 | feel like crying 1 2 3 4
4 | wish | could be as happy as others| 1 2 3 4
seem to be
5 | am losing out on things because | | 1 2 3 4
can’'t seem to make up my mind soon
enough
6 | feel rested 1 2 3 4
7 I am “calm, cool and collected” 1 2 3 4
8 | feel that difficulties are piling up so| 1 2 3 4
that | cannot overcome them
9 | worry too much over something thatl 2 3 4
really doesn’t matter
10 | | am happy 1 2 3 4
11 | | aminclined to take things hard 1 2 3 4
12 | | lack self confidence 1 2 3 4
13 | | feel secure 1 2 3 4
14 | I try to avoid facing a crisis or 1 2 3 4
difficulty
15 | | feel blue 1 2 3 4
16 | | am content 1 2 3 4
17 | Some unimportant thought runs 1 2 3 4
through my mind and bothers me
18 | | take disappointments so keenly thatll 2 3 4
can’t put them out of my mind
19 | | am a steady person 1 2 3 4
20 | I getin a state of tension or turmoil ad 2 3 4
| think over my recent concerns and
interests
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Appendix 10

The Berkeley Emotional Expressivity Questionnaire

Instructions

| am now going to read you a list of statementsurging how you feel emotionally. For each

statement | read out, please indicate your agreeanahsagreement. Please answer each

statement according to how you are now, not howwere or how you see yourself in the future.
Do so by calling out the appropriate number orsitade (1= strongly disagree, 4= neutral, 7=
strongly agree) that most accurately describes statbment for you, you can also use the numbers

in between.

STRONGLY NEUTRAL STRONGLY
DISAGREE AGREE
1 4 I

1 Whenever | feel positive emaotions
people can easily see exactly what |
am feeling.

2 | | sometimes cry during sad movies.

3 | People often do not know what | am
feeling.

4 | I'laugh out loud when someone tells
me a joke that | think is funny.

5 It is difficult for me to hide my fear,

6 | When I am happy my feelings
show.

7 | My body reacts very strongly to
emotional situations.

8 | I've learned it is better to suppress
my anger than to show it.

9 No matter how nervous or upset |
am, | tend to keep a calm exterior.

10 | I am an emotionally expressive
person.

11 | I have strong emations.

12 | I am sometimes unable to hide my
feelings, even though I would like
to.

13 | Whenever | feel negative emotiong,
people can easily see exactly what |
am feeling.

14 | There have been times | have not

been able to stop crying even

though I tried to stop.
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15

| experience my emaotions very
strongly.

16

What | am feeling is written all ovey

my face.

Part Il specifically for patients with SCI

I am now going to read you the same list of statemeegarding emotional expressivity that | read
to you earlier. For each statement | read, plaadieate your agreement or disagreement. Please
answer each statement according to how you thinokwauld have been prior to your spinal injury.
Do so by calling out the appropriate number orsitade (1= strongly disagree, 4= neutral, 7=

strongly agree) that most accurately describes statbment for you.

STRONGLY NEUTRAL STRONGLY
DISAGREE AGREE
1 4 I
1 Whenever | feel positive emaotions
people can easily see exactly what |
am feeling.
2 | | sometimes cry during sad movies.
3 | People often do not know what | am
feeling.
4 I laugh out loud when someone tells
me a joke that | think is funny.
5 It is difficult for me to hide my fear,
6 | When I am happy my feelings
show.
7 | My body reacts very strongly to
emotional situations.
8 | I've learned it is better to suppress
my anger than to show it.
9 No matter how nervous or upset |
am, | tend to keep a calm exterior.
10 | I am an emotionally expressive
person.
11 | I have strong emations.
12 | I am sometimes unable to hide my

feelings, even though I would like
to.
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13

Whenever | feel negative emotiong
people can easily see exactly what |
am feeling.

14

There have been times | have not
been able to stop crying even
though I tried to stop.

15

| experience my emaotions very
strongly.

16

What | am feeling is written all ovey
my face.
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Appendix 11
The Levels of Emotional Awareness Scale

Participant 1D

INSTRUCTIONS

Please describe what you would feel in the follaysituations. The only requirement is
that you use the word “feel” in your answers. Yoay make your answers as brief or as
long as necessary to express how you would feeéath situation there is another person
mentioned. Please indicate how you think thatropleeson would feel as well.

1. You are traveling in a foreign country. A persoor that country who you know
makes derogatory remarks about your native courtigw would you feel? How
would the other person feel?

2. As you drive over a suspension bridge you see sopestanding on the other side of
the guardrail, looking down at the water. How vebybu feel? How would the person
feel?

3. Your partner has been gone for several weeks hallfficomes home. As your partner
opens the door....how would you feel? How wouldrypartner feel?

4. Your boss tells you that your work has been unaetdg and needs to be improved.
How would you feel? How would your boss feel?

5. You are waiting in line at the bank. The persoframt of you steps up to the window
and begins a very complicated transaction. Howlavgou feel? How would the
person in front of you feel?

6. You and your partner are driving home from an evgmut with friends. As you turn
onto your street you see fire-engines parked near yfome. How would you feel?
How would your partner feel?

7. You have been working hard on a project for sevexaiths. Several days after
submitting it, your boss stops by to tell you tiiatir work was excellent. How would
you feel? How would your boss feel?

8. You receive an unexpected long-distance phondroafi a doctor informing you that
your mother has died. How would you feel? How lddbe doctor feel?

9. You tell a friend who is feeling lonely that shefan call you whenever she/he needs
to talk. One night she/he calls at 4:00 a.m. kawild you feel? How would your
friend feel?

10. Your dentist has told you that you have severaitiemvand schedules you for a return
visit. How would you feel? How would the dentfisel?

11. Someone who has been critical of you in the pagt pau a compliment. How would
you feel? How would the other person feel?
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12.Your doctor told you to avoid fatty foods. A newnlleague at work calls to say that
she/he is going out for pizza and invites you talgmg. How would you feel? How
would your colleague feel?

13.You and a friend agree to invest money togethéetpn a new business venture.
Several days later you call the friend back onlietrn that she/he changed her/his
mind. How would you feel? How would your friereef?

14.You fall in love with someone who is both attraetand intelligent. Although this
person is not well off financially, this doesn't ti&a to you -- your income is adequate.
When you begin to discuss marriage, you learnghathe is actually from an
extremely wealthy family. She/he did not want tkedvwn for fear that people would
only be interested in her/him for her/his moneyowHvould you feel? How would
she/he feel?

15.You and your best friend are in the same line ofiwd here is a prize given annually
to the best performance of the year. The two ofwork hard to win the prize. One
night the winner is announced: your friend. Hoawd you feel? How would your
friend feel?
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Appendix 12
The Hospital anxiety and depression scale (HADS)

| am now going to ask you a series of questionsaradesigned to help identify how you
feel. 1 will read each item and give you 4 possitdsponses. Please tell me the reply
which comes closest to how you have been feelingarpast few weeks. Don't take too
long over your replies: your immediate reactior#&ch item will probably be more
accurate than a long thought out response.

1 Ifeel tense or “wound up” 2 Ifeel as if | am slowed down
Most of the time - Nearly all the time -
A lot of the time Very often
Time to time, occasionally Sometimes
Not at all - Not at all -

3 I still enjoy the things | used to 4 | get a sort of frightened feeling
do like butterflies in the stomach
Definitely as much Not at all
Not quite so much Occasionally
Only a little Quite often
Hardly at all Very often

5 | get a sort of frightened 6 | have lost interest in my
feeling as if something appearance
awful is about to happen
Very definitely and quite badly Definitely
Yes, but not too badly | don’t take so masH should
A little but it doesn’t worry me I may nake quite as much care
Not at all | take just as much care as ever
| can laugh and see the funny side of

7 things 8 | feel restless as if | have to be on the move
As much as | always could Very much indeed
Not quite so much now Quite a lot
Definitely not so much now Not very much
Not at all Not at all
Worrying thoughts go through my

9 mind 10 I look forward with enjoyment to things
A great deal of the time As much as | ever d
A lot of the time Rather less than | used to
From time to time but not too
often Definitely less than | used to
Not at all Hardly at all

11 | feel cheerful 12 | get sudden feelings ofipan

Not at all Very often indeed
Not often Quite often
Sometimes Not very often
Most of the time Not at all



13

| can sit at ease and feel
relaxed

Definitely
Usually
Not often
Not at all

| can enjoy a good book or radio or TV
14 programme

Often
Sometimes
Not often
Very seldom
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Appendix 13

Words employed in the emotional Stroop task in @vag, Experiment 1

Offensive words

ontrol words

sitive words

Female Negative | Fat (2221) Undivided (118) Unclear(948) Intelligent(1895)
Flabby (157) Fast (2183) Adaptive(315) Sincere(481)
Unfaithful(132) Bumpy (157) Strategic(3039) Honest(2960)
Ugly(1365) Tactile (138) Numerous(3216) Generous(2307)
Promiscuous (118) Plain (1358) Damp(1571) Modest(2301)

Male Negative Weak (3571) Unsure(627) Visual(3328) Determined(948)
Submissive (142) Limited(5146) Sleek(325) Assertive(314)
Subordinate (406) Vivid(1029) Symmetric(353) . Dominant(3048)
Pathetic (635) Coded(145) Uneven(689) Confident(3242)
Cowardly (146) Chilled(109) Responsive(630) Brave(1571)

General

Negative Stupid (3207) Sharp(3553) Legislative(1879) - Gorgeous(627)
Sly (327) Finishing(142) Binary(486) Shapely(144)
Dishonest (359) Experienced(409) Middle(2943) Attractive(5152)
Selfish (693) Medium(630) Logical(2315) Chaste(108)
Arrogant (642) Valid(2286) Swift(772) Faithful(950)

Frequency values are in parentheses
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Appendix 14

Words employed in the dot probe task in Chapt&beriment 2

Offensive words

Control words

Physical Fat Unsure Cosy Steady Undivided Lean
Appearance | (2221) (627) (630) (2032) (118) (681)
Ugly Limited Muddy Assorted Tactile Latent
(1365) (5146) (633) () (a76) (138) (655)
Chubby Vivid Poetic Twinkling Spacious
(131) (1029) (691) Shivery (54) (71) (652)
Flabby Coded Civilian Co-educational  Acrylic Periodic
(157) (145) (767) (36) (243) (564)
Unattractive Chilled Municipal Newish Square Mobile
(337) (109) (835) (35) (1412) (568)
Sexual Promiscuous Unclear Ambiguous Diskless Sharp Governmental
Reputation | (118) (948) (837) (35) (3553) (631)
Unfaithful Adaptive Indoor All-new Finishing Dual
(132) (315) (895) (33) (824) (1139)
two-timing Strategic Trading Inexact Experienced : Inner
(20) (3039) (977) (33) (409) (4471)
Adulterous Numerous Static Diffused Medium Rational
(39) (3216) (1089) (34) (630) (2321)
Lusty Damp Concrete Waxy Retiring Apposite
(67) (1571) (1141) (34) (146) (80)
Social Weak Legislative Elected Off-beat Visual Uncertain
Status (3571) (1879) (1259) (54) (3328) (2007)
Submissive Binary Novel Overblown Sleek Narrow
(142) (486) (1291) (54) (325) (127)
Subordinate Middle Irrelevant Scanning Symmetric Lucid
(406) (2943) (1364) (58) (353) (213)
Pathetic Logical Double Reducible Uneven Implicit
(635) (2315) (1436) (61) (689) (1161)
Cowardly Valid Profound Stringy Responsive | Freezing
(146) (2286) (1434) (61) (630) (74)
General Stupid Royal Payable Included Fast Vague
Negative (3207) (1867) (1666) (2112) (2183) (1505)
Sly Industrial Precious Budding Plain Malleable
(327) (1571) (1768) (218) (1358) (102)
Dishonest Complete Official Managing Coral Planned
(359) (2534) (4720) (257) (133) (2277)
Selfish High Changing Vested Bumpy Frequent
(693) (3243) (3252) (786) (157) (2348)
Arrogant Full Swift Revised Oceanic Wet
(642) (3348) (772) (769) (337) (2889)

Frequency values are in parentheses
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Appendix 15

Rosenberg Self-Esteem Scale

Instructions: Below is a list of statements dealwith your general feelings about
yourself. If you strongly agree, circ®A. If you agree with the statement, ciréle If you
disagree, circl®. If you strongly disagree, circeD.

1. | On the whole, | am satisfied with myself. SA | D | SD
2. | Attimes, | think | am no good at all. SA | D | SD
3. | I feel that | have a number of good qualities. SA|A|D|SD
4. | | am able to do things as well as most otheplee SA|A|D|SD
5. | I feel | do not have much to be proud of. SA|D | SD
6. | | certainly feel useless at times. S5A | D | SD
7. | | feel that I'm a person of worth, at leastasnequal | SA| A | D | SD
plane with others.
8. | I'wish | could have more respect for myself. ASA|D|SD
9. | Alliin all, I am inclined to feel that | am ailure. SA|A|D|SD
10. | | take a positive attitude toward myself. $A |D | SD
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Appendix 16

Modified version of Socio-sexuality inventory (SOI)
1. Sex without love is OK.

Strongly disagree 1 2 3 4 5 6 7 8 9 gjipagree

2. | can imagine myself being comfortable and enjoysag with casual partners.
Strongly disagree 1 2 3 4 5 6 7 8 9 gjipagree
3. I would have to be closely attached to someone fiemally and psychologically)
before | could feel comfortable and fully enjoy imaysex with him or her.

Strongly disagree 1 2 3 4 5 6 7 8 9 gjipagree
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Appendix 17

The Autism spectrum quotient (AQ) questionnaire

The AQ

TO BE COMPLETED

ALL INFORMATION REMAINS STRICTLY CONFIDENTIAL

How to fill out the questionnaire

Below are a list of statements. Please read eaatersient very carefullgnd rate how

strongly you agree or disagree with it by circlipgur answer.

DO NOT MISS ANY STATEMENT OUT.

Please return the completed questionnaires inréfepdst envelope provided.

Examples

E1. | am willing to take risks. definitely slightly /slightly\ Definitely
agree agree \disagree disagree

E2. | like playing board games. definitely /Slightlyy slightly  Definitely
agree agree ) disagree disagree

E3. | find learning to play musical instrumentgdefinitely slightly  slightly ~ ADefinitdly
agree agree  disagree\ Disagre

easy.

E4. | am fascinated by other cultures. definitely slightly slightly Definitely
gree agree  disagree disagree
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7

7

7

7

7

7

7

7

7

7

7

7

7

7

1 | prefer to do things with others rather than . . o
on my own definitely slightly : Slightly = definitely
' agree agree disagree disagre

2 | prefer to do things the same way over ang . , .
over again definitely slightly : Slightly : definitely
' agree agree disagree disagre

3 If I try to imagine something, | find it very o . . o
easy to create a picture in my mind. definitely slightly : Slightly = definitely
agree agree disagree disagre

4 | frequently get so strongly absorbed in ong¢ . . o
thing that | lose sight of other things. definitely  slightly  Slightly ~definitely
agree agree disagree disagre

5 | often notice small sounds when othersdq . . o
not definitely slightly | Slightly : definitely
' agree agree disagree disagre

6 | usually notice car number plates or similgr . . o
strings of information definitely slightly : Slightly = definitely
' agree agree disagree disagre

7 Other people frequently tell me that what I've . . o
said is impolite, even though | think it is | definitely  slightly Slightly ~definitely
polite ' agree agree disagree disagre

8 When I'm reading a story, | can easily o . . o
imagine what the characters might look likg d€finitely - slighty - Slightly . definitely
agree agree disagree disagre

9 | am fascinated by dates. o . . o
definitely slightly : Slightly  definitely
agree agree disagree disagre

10 In asocial group, | can easily keep track of . . o
several different people’s conversations. | d€finitely — slightly | Slightly ~ definitely
agree agree disagree disagre

11 | find social situations easy. o . . o
definitely slightly : Slightly = definitely
agree agree disagree disagre

12 | tend to notice details that others do not. o . . o
definitely slightly : Slightly = definitely
agree agree disagree disagre

13 | would rather go to a library than a party. o . . o
definitely slightly : Slightly = definitely
agree agree disagree disagre

14 | find making up stories easy. o . . o
definitely slightly : Slightly : definitely
agree agree disagree disagre

15 | find myself drawn more strongly to people . . o
than to things definitely slightly : Slightly = definitely
) agree agree disagree disagre

16 |tend to have very strong interests which I} . . o
definitely slightly : Slightly . definitely
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7

7

7

7

7

7

7

7

7

7

7

7

7

7

get upset about if | can’'t pursue. agree agree disagree disagre

17 | enjoy social chit-chat. o . . o
definitely slightly | Slightly = definitely
agree agree disagree disagre

18 When I talk, it isn't always easy for othersfo . . o
get a word in edgeways definitely slightly : Slightly = definitely
' agree agree disagree disagre

19 | am fascinated by numbers. o . . o
definitely slightly : Slightly = definitely
agree agree disagree disagre

20 When I'm reading a story, | find it difficult tp . . o
work out the characters’ intentions. definitely  slightly | Slightly | definitely
agree agree disagree disagre

21 1don't particularly enjoy reading fiction. o . . o
definitely slightly : Slightly = definitely
agree agree disagree disagre

22 1find it hard to make new friends. o . . o
definitely slightly @ Slightly . definitely
agree agree disagree disagre

23 1 notice patterns in things all the time. o . . o
definitely slightly : Slightly = definitely
agree agree disagree disagre

24 1 would rather go to the theatre than a o . . o
museum definitely slightly @ Slightly : definitely
' agree agree disagree disagre

25 It does not upset me if my daily routine is o . . o
disturbed definitely slightly | Slightly = definitely
' agree agree disagree disagre

26 | frequently find that | don’t know how to o . . o
keep a conversation going. definitely slightly : Slightly : definitely
agree agree disagree disagre

27 1find it easy to “read between the lines” o . . o
when someone is talking to me. definitely slightly | Slightly . definitely
agree agree disagree disagre

28 | usually concentrate more on the whole o . . o
picture, rather than the small details. definitely  slightly ~Slightly ~definitely
’ agree agree disagree disagre

29 1 am not very good at remembering phone o . . o
numbers definitely slightly | Slightly = definitely
' agree agree disagree disagre

30 Idon’t usually notice small changes in a o . . o
situation, or a person’s appearance. definitely slightly = Slightly | definitely
' agree agree disagree disagre

31 1 know how to tell if someone listening to me . . o
is getting bored definitely slightly : Slightly = definitely
) agree agree disagree disagre
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32 1find it easy to do more than one thing at - , , .
once definitely slightly : Slightly . definitely
’ agree agree disagree disagre

33 When I talk on the phone, I'm not sure when ) , o
it's my turn to speak definitely slightly @ slightly : definitely
' agree agree disagree disagre

34 | enjoy doing things spontaneously.

1oy g gs sp y definitely slightly @ slightly = definitely
agree agree disagree disagre

35 | am often the last to understand the point pf . . o
a joke definitely slightly : slightly = definitely
) agree agree disagree disagre

36 | find it easy to work out what someone is o . . o
thinking or feeling just by looking at their | definitely  slightly - slightly | definitely
face. agree agree disagree disagre

37 Ifthere is an interruption, | can switch bacf . . o
to what | was doing very quickly. definitely slightly : slightly = definitely
agree agree disagree disagre

38 | am good at social chit-chat. o . . o
definitely slightly : slightly = definitely
agree agree disagree disagre

39 People often tell me that | keep going on apd . , o
on about the same thing definitely slightly : slightly = definitely
' agree agree disagree disagre

40 When | was young, | used to enjoy playing| . . N
games involving pretending with other definitely slightly : slightly . definitely
children agree agree disagree disagre

41 | like to collect information about categoriep . . o
of things (e.g. types of car, types of bird, | d€finitely | slightly | slightly =~ definitely
types of train, types of plant, etc.). agree agree disagree  disagre

42 | find it difficult to imagine what it would be o . . o
like to be someone else definitely slightly : slightly : definitely
' agree agree disagree disagre

43 1 like to plan any activities | participate in o . . o
carefully definitely slightly | slightly = definitely
) agree agree disagree disagre

44 | enjoy social occasions. o . , o
definitely slightly : slightly = definitely
agree agree disagree disagre

45 | find it difficult to work out people’s o ) , o
intentions definitely slightly | slightly = definitely
' agree agree disagree disagre

46 New situations make me anxious. o . . o
definitely slightly | slightly = definitely
agree agree disagree disagre

47 | enjoy meeting new people. o . . o
definitely slightly : slightly = definitely
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agree agree disagree disagre¢
48 | am a good diplomat. o . . o
definitely slightly | slightly = definitely
agree agree disagree disagre¢
49 | am not very good at remembering peoplefs . . o
date of birth definitely slightly | slightly = definitely
' agree agree disagree disagre¢
50 1find it very easy to play games with o . . o
children that involve pretending. definitely slightly | slightly ~definitely
agree agree disagree Disagrep
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