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Abstract

This thesis investigated the emotional processing of mrafhic stimuli. The startle blink
reflex was used to index emotional processing, in line withaal@h predicting that this reflex
should be larger in magnitude when elicited during negaimetional processing, and smaller
in magnitude during positive processing, relative to reffesturing emotionally neutral material.
The studies were based on a discrepancy between phobic afghobic individuals for startle

elicited shortly after picture onset.

In Study 1, participants rated the emotional charactessif photographic stimuli. These rat-

ings were used to select pictures for subsequent expesment

Study 2 tested whether early emotional startle modificatvas specific to phobic/high-fear
participants by measuring blink reflexes in an unselectegpaduring emotionally positive
pictures, neutral pictures, and two types of threatenirgupes — threatening animal pic-
tures, similar to those used for phobic participants, amdatiening human pictures. Startle
was elicited with a 95 dB white noise stimulus, either 300 miseiween 2 and 5 seconds after
onset; this was a between-subjects manipulation. Blinkmtade results showed early startle

potentiation for human threat but not animal threat picture

In Study 3a probe time was manipulated within-subjects,rafldxes were compared between
positive, neutral, threat, and mutilation (e.g., dead ésydpictures. Early startle potentiation

was observed only for high-fear participants viewing thi@eatures. Study 3b was an attempt
to replicate Study 3a with a different picture set. To enquasdicipants viewed each picture

from onset, a fixation cross was presented for 500 ms prioictane onset. The absence of late
probe time startle modification or skin conductance respd8€R) enhancement suggested
that the picture set was not emotionally engaging, and haneaitable for assessing startle

modification.



ii
Study 4 retained the fixation cross, with emotional categgosimilar to Study 3 being subdi-
vided into high and low arousal examples. Startle modificatvas consistent across probe
times; potentiation was observed for both threat subgroapd for high-arousal mutilation

stimuli. Low-arousal mutilation stimuli blinks were newdifferent from neutral blinks.

In Study 5 a picture complexity manipulation was used to stigate emotional startle modi-
fication 150 ms after picture onset. Half of the pictures ioheaf three emotional categories
(positive, neutral, and negative) were full-colour photgans; the remainder were monotone
silhouettes of the target stimulus (e.g., a banana, a 9piddre negative category consisted
entirely of spider pictures, and the participant sample hmaited to females with some spider
fear. The results offered limited evidence for startle ptggion at 150 ms by spider pictures,
in low general-fear participants (data averaged over ceriyl conditions). SCR enhancement
for spider contents was not consistent across participsimggiesting the pictures were not emo-

tionally engaging.

The conclusions were that identification of picture ematiaontent is possible by 300 ms (to
the extent of modifying the startle reflex) when attentiodirected to the picture at onset, as
indicated by significant startle potentiation for some niggaicture contents, and that previ-
ously observed differences in responding between high@mddar participants may represent

differences in attentional engagement.
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Chapter 1

Emotion

Any work that purports to address issues regarding emokiounld start by providing the frame-
work in which emotion will be discussed. This thesis is prittyaconcerned with modification
of the startle reflex by different types of emotional expece Before discussing the startle
reflex (Chapter 2) and the influence of emotional processmghis reflex (Chapter 3), this

chapter covers several aspects of emotion.

The first section introduces a functional perspective ontemoThis is followed by a consid-
eration of the levels at which emotion can be described, faorery general motivational de-
scription (to approach or avoid a situation) to patternsgeseponding that are specific to discrete
emotional states, such as fear, joy, sadness, and disgustnajority of studies on emotional
modification of the startle reflex modification consider eimotat the very basic motivation
level; the chapter therefore concludes by detailing dpsms of emotional experience at the

level of motivational disposition.

A Functional Perspective on Emotion

Darwin (1872/1998) proposed three principles on the exywanf emotion, the first and third
of which provide a solid basis for emotional theory. The fpghciple declares that emotions
are “serviceable associated habits” (p. 34); that is, soongponents of emotional responding
are, or have been, of adaptive use to survival of the indalidmd/or species. As a corollary
of this, certain other aspects of emotional expression neaydstigial remains of previously
adaptive behaviours that have generalised to or appeduatisins where they are of no adaptive
value (Darwin, 1872/1998). For instance, the communiedtimction of facial expression was
viewed by Darwin as an evolutionary ‘bonus’, rather than@eyive function per se. Likewise,

LeDoux (1998) notes that the conscious or subjective egpee of emotion is a consequence of
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an emotional event rather than the event itself — an updaiiiam James’ famous statement
that “bodily changes follow directly the perception of tlerfotion] exciting fact, and that our

feeling of the same changes as they occur IS the emotion’d§g9ab890/1952, p. 743).

The third principle is concerned with the physiological mpas during an emotional episode
as precursors to action — “when movements are excited [byrastien], their nature is, to a
large extent, determined by those which have often and tailiy been performed for some
definite end under the same emotion” (Darwin, 1872/1998,5). Ih his discussion of anger
and fear, increased heart rate and muscle tension were ¢akewidence of a propensity to
engage in physical exertion when these emotions are eicarwin emphasised that it was
anticipation of such behaviour as fighting or fleeing thaesponsible for such body changes,
rather than the behaviour itself. This conception is of @amoais action disposition — the
emotional experience prepares the body to allow action iagpropriate manner. Although
the quotation given above suggests that learning playsnaapyirole in organising emotional

responding, it seems more likely that general patterns attiemal responding are innate.

Taking these two principles — that some parts of emotiongk&ssion are preparations for
action, and other parts are formed through association pyvetiiously adaptive behaviour —
provides a useful framework for the discussion of specifiogonal states. Thus, emotions can
be similar in some respects (e.g., fear and anger both assdawvith increased blood flow),
yet differ in terms of behavioural outputs such as facialregpion and action disposition (e.g.,
increased cardiovascular activity in fear prepares pilgnmr escape, while in anger it prepares

for aggressive engagement).

Distinguishing Between Emotional States

Perhaps the most basic distinction between emotionaksitatbat between positive and nega-
tive emotion. At a simple level, positive and negative emottan be conceived of as internal
states associated with subjective feelings of pleasastireb unpleasantness. This is a strategic

level of emotion, where the antecedents of emotional egpee (e.g., food, or an aggressive
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predator) are associated with either approach or withdreamdencies that do not specify any
particular response set. At a tactical level of emotiorfedént emotional antecedents (within
the basic approach/avoid dichotomy) can produce distimeiiznations of physiological, cog-
nitive, and behavioural responding that are meant to ertablenost suitable response to the
situation. Thus, the tactical disposition of an organisgethby an emotion eliciting stimu-
lus may differ depending on other circumstances: For a ddy a predator, either escape
or attack may be the most suitable response. The tenden@ptoach or avoid activated at
the strategic level is also described as the organism’svatainal disposition, while the tacti-
cal level is homologous to the action disposition descridledve, and dictates or prepares the

appropriate response to the situation.

The theoretical distinctions outlined above are not incatifye, but provide different levels
of description for emotion. Discrete categories of emala@xperience (e.g., fear, happiness,
disgust) exist at the levels of subjective experience atibradispositions, while the basic
approach/avoid disposition is simultaneously evidenthilvithe motivational disposition, dis-
crete emotions can theoretically be described as “subatelprganizations of behavior” (Lang,

Greenwald, Bradley, & Hamm, 1993, p. 268).

The work in this thesis will consider emotions both as discgrogrammes and as strategic
dispositions, with later experiments addressing confittMeen these two levels of description
with regard to the startle reflex. In the following sectionsnsideration is restricted to the
strategic level of emotion, this being the level at which theogperiments on startle modification

describe emotional stimuli.

A Two-dimensional Model of Emotion

As a formulation of the relationship between the variouglewf emotional processing de-

scribed above, Lang (1985) proposed



A three-level hierarchical organization in emotion, astieg from specific con-
text bound acts (e.g., subroutines for attack, vigilanceeszape), to larger emo-
tional programs, such as fear or anger, that may vary in theifip acts included,
but still show relative response stereotypy across saunafito broad dimensional
dispositions (the parameters of intensity, direction, ematrol), that apply descrip-

tively to all emotional behavior. (p. 141)

In this model, the action disposition (or tactical respoiggliis nested within the specific emo-
tional state (e.g., fear), which is nested within descrptmommon to all emotion: intensity,
direction, and control. These descriptors, which have loeseloped from studies of semantic
differentials in emotional language (Osgood, Suci, & Tarbem, 1957), will now be dis-

cussed.

Emotional Descriptors: Direction/valence

The direction, or valence (after Lewin, 1936), of an emaiostate is usually described on
the basis of subjective ratings of pleasantness. The ghreof emotion is conceived of as a
description of motivational disposition, to approach ooidy although this motivational dis-
position does not always map neatly onto notation of thectlma of emotion as pleasant or
unpleasant. The best example of this is the case of angegativeeemotional state (in terms of
valence) which is nonetheless associated with a tenderaymach or engage a situation, as
indicated by both subjective reports and measures of briveéion (Harmon-Jones & Allen,

1998).

A change of terminology can clarify this discrepancy betwvewtivational disposition and va-
lence. Konorski (1967) classified reflexes into two catezgooin the basis of biological function,
distinguishing preservative from protective reflexes.sBreative reflexes are those necessary
for the survival of the individual (and by extension the gpsktin the absence of adverse cir-
cumstances — reflexes involved with breathing, eating paheg and reproduction. Protective

reflexes are those whose function becomes apparent in adsiecamstances, such as threat
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from a predator or following ingestion of a noxious substanthose protective reflexes in-
volved with withdrawal from noxious and dangerous stimudi defensive reflexes. Protective
reflexes which involve engagement with a noxious or dangesduation, usually in an attempt

to destroy it, are classified as offensive reflexes (Konoié7).

Discussing emotion in terms of preservative or protectoles intuitively corresponds more
closely to the pleasant/unpleasant valence dimension ofiemthan does the approach/avoid
dichotomy. As an alternative description of motivationespsbsition, this distinction could be
more useful in discussions of emotion where it is equatel thie notion of valence — although
of course the distinction between approach and avoidammeteies in some emotions still
needs to be made, as this distinction will be pertinent ttageissues in emotional research.

This is described in the introduction to Study 3, in the cdsanger.

The terms positive and negative valence are used throughistitesis to note emotional stimuli

or experiences that are subjectively pleasant or unpléasan

Emotional Descriptors: Intensity/Arousal

The intensity or arousal dimension of emotion can be conedised as the degree of activation
of an emotional system (Hebb, 1949; Konorski, 1967). Eaolyceptions of arousal proposed
that arousal or drive mechanisms existed independentty ecific appetitive or aversive mo-
tivational systems (e.g., Schachter & Singer, 1962). Mecent formulations of the nature of
arousal view it as the intensity of activation within the apfive or aversive motivational system
— or both (Lang, Bradley, & Cuthbert, 1998). Intensity andwsal are used interchangeably

in this thesis to describe the subjective experience ohsitg during an emotional state.

Emotional Descriptors: Control

Control, also referred to as dominance, represents andugiVs autonomy during an emotional

episode, or the amount of control they feel over their enmaticesponse. Lang (1985) described
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how this dimension can discriminate between emotions thatigy similar positions in the
two-dimensional space defined by valence and arousal — fehaager, for instance, occupy
similar locations in this two-dimensional space, but featow on dominance ratings while

anger is relatively high.

Russell (1980) excluded control (among other factors) fniswo-dimensional model of emo-
tion because it explained little variance in subjectivecd@sions of emotional words. Further-
more, control and the other excluded dimensions were naidered as suitable components of
this model because they were “interpreted as referring.tdhe antecedents or consequences
of the emotion described, rather than as referring to theiemper se” (Russell, 1978, as cited

in Russell, 1980, p. 1163).

We are left, then, with a two-dimensional model of affecspace (Russell, 1980; Lang, 1985),
with valence (from pleasant to unpleasant) and arousah(fieepy to high arousal) as separate
bipolar axes. The arousal dimension does not have to be ivedcas bipolar, as one of the
endpoints (calm or sleepy) seems to indicate the absencewsal (i.e., a neutral status) rather
than indicating the opposite of arousal. For the purposesestribing affective space, this
distinction only influences the point at which arousal wobéddefined as neutral (i.e., at the

bottom of a unipolar scale; at the midpoint of a bipolar scale

Relating Emotional Descriptors to Emotional Responses

So far, these emotional descriptors have only been corsidersemantic information, the map-
ping of ratings of valence and arousal (measured by setirtepnto subjective consciousness
of emotional experience. How well do these emotional dptmrs correspond to other areas of
emotional experience? Two experiments have looked atrdifteaspects of responding to emo-
tional pictures, using a standardised set of photographsl@iged specifically for research on
emotion, the International Affective Picture System (IAR8ng, Bradley, & Cuthbert, 1999a).

This picture set has been developed over several years,naotioeal ratings of the pictures

have been standardised across a large number of studigsy inahe United States.
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In the first of these studies looking at semantic dimensiowlsaher aspects of emotional re-
sponding, Lang et al. (1993) examined affective ratingsicipes, autonomic activation (skin
conductance, heart rate), facial muscle activity, and Wiehgal activity (amount of free view-
ing time looking at each picture, in a session following thigial exposure). Factor analysis of
these different measures revealed groupings onto two rfegjtors. The first, labelled valence,
correlated positively with ratings of pleasantness, pesdctrate, and zygomatic muscle activ-
ity (the muscle responsible for pulling the corner of the thoup and back during a smile).
This factor was also negatively correlated with corrugatascle tension (the muscle that knits
the eyebrow during a frown). The second factor, labelledisa correlated positively with
arousal and interest ratings for the pictures, skin corahed, and free viewing times for the
pictures. This factor analysis provided evidence for thalitg of the two-dimensional model

for describing emotion at the motivational level (Lang et 8993).

The second study, conducted by Lane et al. (1997), foundrdiitial brain activation for posi-
tive and negative emotional pictures defined by this twoetisional affective space, suggesting
that the brain structures involved in these two processesegarable, and yet common to spe-
cific emotions within the general motivational dispositiofihis second assumption will be

addressed at the start of Study 3, with regard to emotiondifioation of startle.

One final characteristic to note regarding this model is #natisal ratings tend to increase as
valence ratings move away from neutral (i.e., with incnegssubjective pleasantness or un-
pleasantness). This is shown in Figure 1, where standargalence and arousal ratings are
plotted for all 716 of the IAPS pictures for which ratings wegiven by Lang, Bradley, and
Cuthbert (1999b). Picture ratings were collected using3t-Assessment Manikin (SAM),
which is described in the method of Study 1, as well as beiolgided in Appendix A. It can be
seen that there are very few emotionally neutral pictures¢ae of around 5 on valence) that
are associated with high arousal ratings. The overallidigion of picture ratings thus approx-
imates a V shape rotated 90 degrees clockwise, extending lirvv-arousal neutral pictures

towards extremely arousing pleasant and unpleasant emabggperiences (Lang, 1995).
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Figure 1L Distribution of valence and arousal ratings for IAPS piesy adapted from Lang (1995).
Valence ratings range from 1 (extremely unpleasant) to gdmely pleasant), while arousal ratings
range from 1 (calm) to 9 (highly aroused). Each point reprssthe ratings for a single picture.



Chapter 2
The Startle Reflex

The startle reflex is a response to sudden, intense sengonyaion, and consists of several
involuntary muscular contractions, cardiovascular rieagtand phasic increase in sweat gland
activation (Landis & Hunt, 1939). Graham (1979) posits thatfunction of the reflex is as “an
interrupt system” (p. 151), stopping motor activity and iibige processing, so that resources
can be reallocated toward the potentially threateningeatighe intense stimulus. The response
has been characterised (Ekman, Friesen, & Simons, 1985gélsxarather than an emotion on
the basis of several observations, including: (a) relighdf elicitation across participants; (b)
a very short latency to onset (similar to that for other refgxand a duration much shorter
than emotional experiences (excluding surprise); andin@ility of participants to suppress

the response.

The use of the startle reflex as a tool that can test an indaVglprocessing of emotional stimuli
is covered in the next chapter. The purpose of this chapterdescribe response components
of the startle reflex, as well as conditions necessary foelibggation and recording of the reflex

in humans.

Although not the first to extensively describe the startteere Landis and Hunt (1939) reported
many of the skeletomuscular and physiological componeitkeoreflex, as triggered by an

intense acoustic stimulus. High-speed cinematograpbiafe was taken of bodily movements
in response to a gunshot. In their book “The Startle Patt#r@’movement components of the

startle reflex were reported, in temporal sequence, as

Blinking of the eyes, head movement forward, a characteratial expression,
raising and drawing forward of the shoulders, abductiomefupper arms, bending
of the elbows, pronation of the lower arms, flexion of the fisgéorward move-

ment of the trunk, contraction of the abdomen, and bendinthefknees. .. The
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first and most noticeable feature of the facial pattern isrtiraediate closing of the

eyes. (Landis & Hunt, 1939, p. 21)

Not all of the participants in their study showed this exaattgrn of whole-body startle (i.e.,
the entire pattern described above from blink to knee bemit),some participants only show-
ing the eyeblink and head movement components. The vatjabilresponse expression was
also apparent over repeated presentations of the pistblsihaulus. Some participants still
displayed whole-body startle after 17 consecutive presems of the stimulus, while the re-
sponses of other participants habituated after only a f@sgmtations. Interestingly, the eye-
blink component of the response persevered over all ths,tfa all participants, independent
of the presence or absence of the other response compobantiy & Hunt, 1939). Thirteen
of the 15 participants also showed eyeblink responses (witfithout other muscle activation)
to a less intense acoustic stimulus, an automobile hornsegjuent studies examining the star-
tle reflex in humans have generally used this eyeblink corapbas an indicative measure of
the startle reflex, although the activity of other muscle®ived in the whole-body response

have also been measured on occasion (Anthony, 1985).

Most contemporary studies incorporating the startle rafeless intense stimuli than a pistol
shot to elicit the response, such as a short burst of whitgernioithe range of 90-120 dB (A).
The startle reflex produced by a stimulus of this intensipydslly consists of bilateral eyeblink,
with other involuntary muscle contractions absent fromrésponse (Lang, Bradley, & Cuth-
bert, 1990). Individual differences in responding to stiinu this intensity range mean that
some other aspects of the whole-body response (e.g., fdmvavement of the head) are seen
with some frequency. The advantages of using a less intdicieng stimulus are both ethical
and practical, reducing participant discomfort as well asimising artefacts on physiological

recordings that can be caused by movement.

Non-muscular physiological components of the startle xedllso occurred in the putatively
task-free context of Landis and Hunt (1939). The electniealstance of the skin (an indirect

measure of sweat gland activation) decreased in a phapianes following presentation of the
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startling stimulus, indicating an increase in sweat glastovation. The conductance of the skin
is now more commonly recorded than skin resistance: althoegjstance and conductance are
reciprocal, skin conductance is more simply and directigtes to the physiological change in
sweat gland activity than skin resistance (Lykken & Venapl971). Furthermore, the mea-
surement of a phasic skin conductance response (SCR) teahdoes not depend on the tonic,
ongoing skin conductance level (SCL), a condition whichastnue of the skin resistance re-
sponse (SRR) in relation to the tonic skin resistance |&veL(— for an in-depth discussion of
the merits of recording skin conductance over resistameeps657-660 of Lykken & Venables,
1971). Following presentation of a startling stimulusnskonductance increases in a phasic

response (the SCR), and begins to return toward baseliakslafter a few seconds.

Cardiovascular components of the startle response in kaartl Hunt (1939) consisted of an
increase in systolic blood pressure as well as increasetl faga (HR) in the period following
startle elicitation. The authors hesitated to attribueséhchanges to the startle response itself,
arguing that they could be concomitant changes that areadslependent on secondary (i.e.,
non-reflexive) components of the participant’s responsieopistol shot. Gautier and Cook
(1997) measured heart rate change patterns to both sustautenoises and a 50 ms burst of
white noise, presented at 100 dB (A), both in the absenceyo$pecific task. Initial heart rate
acceleration produced a peak in HR a couple of seconds #ftanlss presentation, followed
by a return to baseline levels. As participants were seateidglthis procedure, it is unlikely
that the HR changes seen were the consequence of any segommtareflexive behaviours. A
similar pattern of heart-rate changes was observed in antdBk-free context with a slightly
longer duration (1 s) white noise stimulus with a short latefb ms) to peak intensity (Turpin,

Schaefer, & Boucsein, 1999).

Elicitation of the Startle Reflex

The preceding description of the output of the startle refidxased on a response elicited by
a sudden, loud auditory stimulus. The nature of the stagflex is such that sudden, intense

stimuli in any sensory modality should be capable of ehgtthe response. The two most
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important factors (Turpin et al., 1999) of the elicitingnstilus are (a) intensity and (b) rise-

time, this being the latency between stimulus onset and peaksity.

Landis and Hunt (1939) tested this assumption by using akdéferent eliciting stimuli in
addition to the pistol shot: Visual stimulation by firing nmegium photographic flash lamps,
and cutaneous stimulation by (a) a jet of cold water direbietveen the shoulder blades, (b)
electric shock to the hand, and (c) a pinprick to the thigh.e Visual stimulation was less
successful than acoustic stimulation, with only 10 of th@d#&icipants showing blink responses
to it. Leaving aside the ethical considerations involvethwihe three methods of cutaneous
stimulation (the authors suggested the pinprick may hawvedféo elicit startle because “the
pin was not jabbed in hard enough”, Landis & Hunt, 1939, p., #%9se seemed less effective
at eliciting startle, although this may have been due to timeudi being less intense than the

acoustic stimulus, as was reported by the participants.

Most contemporary methods of startle elicitation inclutkedse of white noise auditory stimuli,
usually presented over headphones (e.g., Vrana, Spenceng, 11988), as a practical and
more easily standardised analogue to the pistol shot. Midig#tation of startle is still achieved

through multiple synchronised camera flash units (e.g.yWitt& Vrana, 2000), and several
tactile stimuli are used which are again more practical tthese used by Landis and Hunt
(1939). A puff of air directed to the participant’'s templdably elicits eyeblink (e.g., Hawk &

Cook, 1997), as does electrical stimulation of the opthalonanch of the trigeminal nerve or
a mechanical tap to the glabellar region of the forehead¢chvhiso stimulates the trigeminal

nerve (Berg & Balaban, 1999).

Of these methods, acoustic stimuli are used in the vast magdrstudies on emotional modifi-
cation of the startle reflex, and are the most simple and ¢festtiee manner of eliciting startle.
The acoustic stimulus itself is most effective (Berg & Balap1999) when it is of intense vol-
ume, contains a wide range of frequencies (i.e., white naméseompared to a pure tone), and
has a fast risetime (the latency from stimulus onset to pei@ksity). These characteristics are

easy to both standardise between laboratories and mat@pularder to test how varying these
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characteristics affects the startle reflex.

Although startle can be elicited by lower intensity stimigig., 50 or 60 dB for a white-noise
acoustic stimulus), the probability of a response occgranthese intensities is relatively low,
occurring on approximately 45-50% of trials (Blumenthal &d@gle, 1991, Experiment 1). More
intense stimuli (70 dB) were associated with higher respqmebability and greater response
amplitude (measured from the orbicularis oculi muscle clvhs responsible for blinking of the
eye: see the section on recording the startle reflex, belehi)e faster stimulus rise time is as-
sociated with larger amplitude responses, but has no effextsponse probability (Blumenthal
& Goode, 1991, Experiment 3). For white noise stimuli at leigimtensities (comparing 95 dB
and 100 dB stimuli), changes in rise time had no effect onarese probability or amplitude,
but the higher intensity stimulus was associated with greasponse amplitude (Blumenthal &
Berg, 1986). Blink response probability for white noisersili in this intensity range is above

90%.

Visual startle elicitation has been used less frequentiy thcoustic elicitation in studies of
emotional processing. Anthony and Graham (1985) and Bya@ethbert, and Lang (1990)
used camera flash units to elicit the startle reflex in ordetlesd the differential attentional
effects of presenting a startle stimulus and a foregroumd, fiask) stimulus in the same or a
different sensory modality. Visual startle stimuli weresalcleverly used in a test of startle
reflex modification during emotion evoking acoustic stin{Bliadley & Lang, 2000). All three

of these experiments are discussed in detail in Chapter 3.

Blink reflexes elicited by a puff of air directed toward thenige have been used in psychology
experiments ranging from classical conditioning in ansrtal startle modification in humans
(e.g., Haerich, 1994). The mechanism of airpuff presesriatan be complex, requiring acous-
tic isolation of valves to prevent noise contamination & tiime of stimulus presentation. It
has been suggested (Hawk & Cook, 1997) that airpuff-etic#tartle allows better testing of
laterality effects and startle due to greater hemisphateralisation of processing for tactile

information compared to acoustic or visual informationeTWwo final methods of tactile startle
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elicitation, by electrical stimulation of the trigeminanve or glabellar tap, will not be discussed

here as they have not been used in studies of emotional nimaudd the startle reflex.

Finally, the three modalities of startle elicitation (asbtq, visual, and tactile) produce different
expressions of blink response. Cutaneous and acoustile samuli produce larger magnitude
(the size of electrical activity associated with musclévation: see section below on recording
startle) blink responses, with shorter stimulus to respamset latencies, than visually evoked
startle (van Boxtel, Boelhouwer, & Bos, 1998). Cutaneoustation of the startle reflex also
shows two response components on electrical recordingsbafudaris oculi activity; an initial
response component (R1) from the muscle site ipsilatethéteite of stimulation, and a second,
later component (R2) occurring at a latency comparablediaththe acoustically evoked startle
blink (Anthony, 1985). Only R2 is related to eyelid closufnthony, 1985), and it is this
component that is used in studies of the emotional modifinaif cutaneous startle (e.g., Hawk

& Cook, 1997).

Discussion of the startle reflex so far has concentrate@llaan a context-free description of
the reflex. Landis and Hunt’s participants were not askedetéopm any other tasks while the
startle reflex was elicited, although anticipation of tharté® stimulus should be considered
as a task in itself, capable of modifying the startle respohsndis & Hunt, 1939; Ekman
et al., 1985).When the reflex is elicited in the context ofjzesate task (e.g., viewing emotional
pictures or performing a reaction-time task), the eligtstimulus is termed the startle probe.
This terminology carries the implication that the stardélex is being recorded as an index of

other, ongoing psychological or physiological proces8esison, Schell, & Bohmelt, 1999).

Measuring the Startle Reflex

Experiments measuring startle in animals usually quastdytle as the force of cage displace-
ment upon presentation of the startle stimulus (e.g., Brétatish, & Farber, 1951). Some more
recent experiments have measured the amount of electcibatyaassociated with neck muscle

activation as an index of startle in the rat (e.g., Cassdbaty, & Davis, 1986), which can detect
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startle potentiation that is unobservable at the level oghodily movement (Davis, 1986).
Given that most experiments involving human participamisive startle reflexes elicited below
the threshold for whole-body responses, quantificatioh@fize of the reflex has concentrated

on the first component of the response, the eyeblink.

Four different techniques used for measuring eyeblink HBaen neatly summarised by An-
thony (1985). The force of eyelid closure can be measuredthgltang a thread (or similar
connective material) to the upper lid which is then conrmttea potentiometer. A blink can
also be measured by recording changes in reflectance oftasbgince shining on the eyeball,
with reflectance decreasing as the eyelid obscures the leyabthony, 1985). The blink re-

sponse may also be quantified by recording the electricalitgcassociated with the firing

of the orbicularis oculi muscle, which is responsible fdtex@ve and voluntary closure of the
eyelid. The electrical activity associated with the musicieg can be observed through two dif-
ferent recording techniques. A blink appears as an injtiadisitive going wave on the vertical

electro-oculogram (EOG), representing electrical afgtirom the muscle contracting.

The electrical activity concomitant with activation of thebicularis oculi muscle can be mea-
sured more directly by electromyographic (EMG) recordings/o electrodes are placed on
the skin over the muscle, and the differential between tlseelectrodes is recorded and
compared to a reference electrode. Most experiments recbicularis oculi activity from the
orbital section of the muscle (underlying the orbital boreuad the lower periphery of the eye),
although recordings can be taken from the palpebral seofitimle muscle by utilising minute
electrodes placed on the upper eyelid (see Silverstein &&ma 1978, for a description). The
palpebral section of orbicularis oculi is more closely cermed with reflexive blinking than the
orbital section, allowing greater sensitivity in recorglstartle eyeblink EMG (Berg & Balaban,

1999).

Blink magnitude is calculated from EMG recordings by regti§) the alternating-currentsignal
(so that it is rendered entirely positive) and calculating difference between peak amplitude

following stimulus presentation and prestimulus basdkuels. The exact procedure for this is
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described in some detail in the method section of Study 2hA®link component of the startle
reflex occurs bilaterally, and there is no lateral diffeeint expression of the blink (Bradley,
Cuthbert, & Lang, 1991, 1996), EOG and EMG measures needbentgcorded from one eye.
Anthony (1985) reports that EMG has a higher correlatiorhyibtentiometric recordings of
blink magnitude than EOG. For the remaining discussionsioklpeflexes, EMG recordings of
activity from the orbital section of the orbicularis ocutedaken as standard — any exceptions

will be duly noted in the text.

A final note on recording blink as a measure of the startle xefleould mention a second
attribute of the blink reflex that is of psychological intetreThe latency of the blink response is
the length of time that passes between presentation of @ingesstimulus and either the onset
of the blink response (referred to as blink latency to onsethe time at which the electrical
activity concurrent with muscle activation reaches it'silpéevel (referred to as blink latency
to peak). The magnitude and latency components of theestalitik reflex are discussed with

relation to emotional processing in Chapter 3.
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Chapter 3

The Use of the Startle Reflex in Studies of Emotion

Early hopes that investigating the startle reflex would mievan entirely new approach to a
wide variety of problems in the field of emotion” (Landis & Hi939, p. 4) proved unful-
filled for some time. Early indications that the startle neft®uld be modified by emotional
experience were provided by experiments looking at feaditimming and the startle in rats.
As measured by a mechanical device that quantified the fdradole-body movements, the
startle reflex in the rat was enhanced when elicited in thegmee of a conditioned stimulus pre-
viously paired with electric shock, compared to startleitdd in rats for whom shock had not
been contingent on the presence of these cues (rats werbeddtetween groups on precondi-
tioning startle levels; Brown et al., 1951). From this pginvestigations into the properties of

startle in humans generally considered the effects of tidtea factors on the reflex.

It was research on attentional modulation of startle thatgges inadvertently led to the redis-
covery of startle modification by emotional context. Examgninfants and adults respectively,
Anthony and Graham (1983) and Simons and Zelson (1985) fthaidhe eyeblink component
of the startle response was inhibited when the participast wiewing interesting as compared
to dull pictorial stimuli. Both infants and adults also shemvenhanced startle blink magni-
tude when the probe stimulus was in the same sensory modalitiye interesting foreground
stimulus (Anthony & Graham, 1983, 1985). These results adten as evidence in favour of
a modality matching hypothesis of stimulus processing,revtiiee processing of an incoming
stimulus (in this case, the startle probe) is enhancedahttin is already allocated to the sen-
sory modality in which the probe stimulus occurs, and irtlebif there is a modality mismatch

between the foreground and the probe stimuli (Simons & 2el$8685).

The results of the aforementioned studies, employingésterg and dull picture stimuli, can
be reinterpreted in the light of subsequent research. Usingimost identical experimental

paradigm, Vrana et al. (1988) compared startle reflexesvibed elicited during three differ-
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ent types of foreground picture stimuli, varying not onlytémms of their interest levels, as in
Anthony and Graham (1983, 1985) and Simons and Zelson (1885)lso in terms of the
emotional valence of their content. These three categearaed along a continuum of emo-
tional valence, starting with positive pictures (incluglerotic images, food, sports events), then
moving to a neutral category (e.g., household furniturstralst patterns) and finally a negative
category (e.g., dead bodies, crying children, snakes addrspguns aimed at the viewer). The
interesting categories of the previous experiments (Amgt# Graham, 1983, 1985; Simons &
Zelson, 1985) had included pictures that would now fall ith® positive emotional category in
Vrana et al. (1988), and so the negative emotional categpnesents an addition to the original

paradigm.

When startle was elicited by an acoustic probe during negabntent pictures, blink magni-
tude was enhanced compared to startle during neutral antivpqsctures. This study also
replicated the finding of startle inhibition during poséicontent pictures (equivalent to the
interesting pictures in the earlier studies), comparedetatnal content pictures (Vrana et al.,
1988). The difference in startle blink magnitude duringifpes and negative picture contents
could not reasonably be ascribed to attentional differereenegative pictures received inter-
est ratings from participants that were higher than thosa&éaitral pictures, and participants
viewed negative and positive pictures for similar periofisirae in a free-viewing task, sug-
gesting equivalence in subjective interest (Vrana et 888). Taken as a whole, these results
are not consistent with a modality matching model of stamttelification, unless it is presumed
that negative visual material engaged the participantshéibn to a lesser degree than positive
visual material; subjective interest rating reports ame{viewing times that were longer than

for neutral stimuli suggest this was not the case.

The findings of Vrana et al. (1988) are consistent with théigtens of Lang’s (1985) response
matching model, where it is posited that elicited reflexdslve modulated depending on their
congruency with the individual’'s ongoing motivationaltstaThe startle probe elicits a defen-
sive reflex, which should therefore be heightened if elitideiring an aversive motivational

state (e.g., viewing negative picture contents), and dshed if elicited during an appetitive
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motivational state. Likewise, probe events that elicit ppeitive reflex should produce en-
hanced responding if the ongoing motivational state is e and diminished responding

during an aversive state (Lang, 1985; Vrana et al., 1988).

Support for this model, and further evidence against theatitydnatching model, came from
an experiment that used startle probes in two distinct sgmsodalities, as had previously been
done with infants and adults during dull and interestingfwound stimuli (Anthony & Graham,
1983, 1985). The modality matching model implies that theegiced startle responding for an
acoustic probe during a negative visual foreground is duetmeased attention to the attended
sensory channel, and so increased attention to the namdattenodality in which the probe
was presented. If this was the case, then presenting segtantbe that matches the foreground
modality should produce decreased startle respondingngluneégative picture contents, and
conversely enhanced responding during positive pictungecis, where attention is supposedly
directed toward the visual modality (Bradley et al., 19903ing this dual probe modality design
during viewing of emotional photographs, blink magnitudedtartle elicited both by acoustic
(modality mismatched) and visual (modality matched) ktgotobes followed identical patterns
to those obtained by Vrana et al. (1988) — enhanced blink madg during negative, and
diminished magnitude during positive, relative to neytfategrounds (Bradley et al., 1990).
These results added strong support to the response matobithgj of startle modification, and

opened the way for startle probe methodologies to be uses@arch on emotion.

Further clarification of the validity of the response matghmodel is provided by testing other
assumptions of the model. Firstly, a motivationally nelutedlexive response (i.e., specific
to neither defensive nor appetitive motivational beharspuspecifically, the spinal tendinous
or T-reflex, was not modified on the basis of foreground enmafiwalence (Bonnet, Bradley,
Lang, & Requin, 1995). When elicited during the viewing ofaiety of emotional pictures, the
T-reflex was sensitive to differences in foreground arotesadls. Highly arousing foreground
materials of both positive and negative emotional conshtd augmentation of the reflex, thus
demonstrating that the reflex modulation seen in the stamtlee paradigm with emotional fore-

grounds is specific to the defensive nature of the startlex@8elf, rather than being common
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to all reflexive systems (Bonnet et al., 1995).

A second and problematic issue with startle probe methggoémd the response matching
model lies with the emotional valence of the startle-ahgtprobe. The model predicts the
effects of a match (or mismatch) between the emotional ealenf a foreground stimulus and
an elicited reflex (Lang, 1985, 1995). At times, howevereagshers (e.g., Bradley et al., 1990;
Hawk & Cook, 1997) have interpreted the matching procedsrbaang between foreground
valence and the valence of the probe stimulus, as opposéeé teatence of the reflex elicited
by the probe. This type of matching system is referred to iasutiis matching (Witvliet &
Vrana, 2000). Bradley et al. (1990) found that the blink magte of startle reflexes to a visual
probe were only modulated by foreground valence for padicis who rated the visual probe
as highly aversive, although the startle reflex itself wakrstiably elicited in participants who
did not rate the visual probe as aversive. During a diffekami of emotional task, Witvliet
and Vrana (2000) found significant emotional modificatiorstairtle by visual probes only for
those participants who did not find the probes aversive. Tathad and results of this study

are covered in more detail in the next section.

Presentation of a tactile startle probe, a puff of air dedctoward the participant’s temple,
also reliably elicited the startle reflex despite beingdads non-aversive by ninety-five per-
cent of participating individuals (Hawk & Cook, 1997). Enmstal modulation of startle blink
magnitude by tactile startle probe stimuli was not enti@mpsistent with the incremental lin-
ear pattern predicted with increasing foreground unplgasss, and although blink magnitude
was greater for negative than for positive pictures, negdbreground blink magnitude was
roughly equivalent to that obtained during neutral valeiocegrounds (Hawk & Cook, 1997),
indicating that startle modulation was occurring primagiith blink inhibition during posi-
tive foreground content, rather than this in combinatiothvialink facilitation during negative
foregrounds. The authors suggest an attentional exptanédr the unexpectedly high blink
magnitude during neutral pictures, in that reduced attertth the (non-engaging) visual fore-
ground should leave more resources available to procesadtie startle probe. As the authors

readily admit, it is not apparent why such an effect wouldunaehen startle is elicited by a tac-
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tile probe, but not when elicited by an acoustic probe, wisicbuld also show such increases
for non-engaging neutral stimuli (Hawk & Cook, 1997). It isgsible that this result is due to
the non-aversive nature of the tactile airpuff probe, aenkesi with some participants with the
visual startle probe in Bradley et al. (1990), rather thandpa characteristic specific to tactile-
probe elicited startle alone. Testing this hypothesis balimportant both for the continued
use of tactile startle probes in emotional research andmigddressing the inconsistency as to
whether the response matching model requires a valencd metween foreground and reflex

or foreground and probe.

Imagery and Other Emotional Foregrounds

Before continuing discussion of the response matching im@léeescription of a different
method of evoking emotion is needed. The startle probe,rdowpto the response matching
model, should produce the same pattern of emotional madunlegually well across all modal-
ities of both probe and foreground stimulus. This secticagslevith the use of mental imagery
to produce certain emotional states in the participant.picgl experiment (e.g., Vrana & Lang,
1990) gives the participant several scripted sentencesgrging emotional content, for which
the participant is asked to form a vivid mental image in resgoto an acoustic (non-startling)
cue tone. As with experiments using photographic stimuliltiple types of emotional events
can be scripted for according to the demands of the expetahigypotheses. Mental imagery is
potentially a more ecologically valid method of emotiorceéition than picture viewing: phys-
iological indicators of emotional activity such as heatertend to approximate the patterns
of activity during actual emotional events more closelyrragery procedures than in picture
viewing, so that forming a mental image of an emotional eygotuces an attenuated emo-
tional response of the same nature as that which would otfaced with the same event in
reality (Vrana & Lang, 1990). It is possible that these ddfeaces may be due to task demands

related to the imagery rather than the emotional statesupesti(Vrana, 1995).

Generally speaking, experiments using mental imageryitogthe startle reflex have found

the same type of responding observed in picture viewingqutores — startle augmentation
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during negative emotional states and inhibition of the xefliéring positive states (Cook, Hawk,
Davis, & Stevenson, 1991; Vrana, 1995; Vrana, Constanng/estman, 1992), although
several experiments have found startle potentiation duinighly-arousing positive imagery
(Miller, Patrick, & Levenston, 2002; Witvliet & Vrana, 1992000). These experiments and
their implications are discussed in the section on emoliamasal and the startle reflex toward
the end of the chapter. The importance of using differentahtydforegrounds to test models

of emotional modulation need not be stressed further here.

Several further factors tested in some of these experintkntsear directly on the competing
response, stimulus, and modality matching explanatiorstastle modification. Vrana (1995)
attempted to manipulate the predominant sensory moddlityemtal imagery by emphasising
either visual or auditory elements of the to-be-imagined&onal scripts. Startle, as elicited by
an acoustic probe, was augmented during fear imagerywelatineutral and pleasant imagery,
although the two latter categories were undifferentiatethfone another. This pattern of blink
magnitude was independent of whether the imagery scripte pemarily visual or auditory
in nature (Vrana, 1995). Ratings of subjective pleasastr@e®usal, and vividness of images
formed were also the same for both acoustic and visual scriphagery, although no reports
were collected from the participants as to whether the im#gey formed were predominantly
visual or auditory (it is recognised that the use of the temagery to describe mental processes
that may be primarily auditory seems somewhat antithgtid&le absence of effects of sensory
modality was taken as evidence against mental imagery Be@gfic to sensory modality areas
(Vrana, 1995), suggesting that emotional imagery is noteduliparadigm in which to test

foreground modality effects.

Although most studies of startle modulation during imageaye used acoustic startle probes,
Witvliet and Vrana (2000) used a visual probe to elicit ttaté reflex in their participants. Us-
ing four emotional categories (both high and low arousasjtp@ and negative valence scripts),
blink magnitude was greater during negative valence imatip@n during positive valence im-
agery. The effects of varying arousal are discussed in fl@fimg section dealing with arousal

and startle. Contrary to the findings of Bradley et al. (192iding participants into two
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groups by their ratings of visual probe aversiveness andsataevealed that emotional modu-
lation of startle was only present in the low-aversivenassig — the high-aversive group did
not show any pattern of blink modulation by valence or arbuseesponse to the visual probe
(Witvliet & Vrana, 2000). This emotional modulation of dlarelicited by a non-aversive probe
is clearly evidence for a response-matching rather thamudtis-matching account of emotional
startle modification. The authors suggest that emotionautation of startle did not occur in
participants who found the visual probe highly aversivedose anticipation of the subjectively
aversive probe may have interfered with their ability tonfiorivid mental images (Witvliet &
Vrana, 2000). Such interference is presumably less likelynterfere with the more passive

activity of picture viewing.

An exact inversion of the original visual foreground, adauprobe paradigm has been con-
ducted using emotionally-toned sound clips (e.g., laugkteeaming) as foreground materials
and a visual startle probe. Once again, startle blink madeitvas larger when elicited during
negative foregrounds and inhibited during positive fooegds, with responses during neutral

stimuli falling in between the two emotionally valent cabeigs (Bradley & Lang, 2000).

A brief mention will also be made here to several other typefoeground that have been
used to test emotional modulation of startle. Video footaigauding both entertainment films
and more specifically sourced material such as demonstsatibsurgical technique, has been
used to evoke emotional responses, and for the most pag #uskovisual stimuli have been
successful in producing startle modulation in accordanitle sponse matching predictions
(Jansen & Frijda, 1994; Kaviani, Gray, Checkley, Kumari, &l86n, 1999; Kumari et al.,
1996). Failure to produce startle blink attenuation dumpagitive film clips by Jansen and
FrijJda (1994) was attributed to the fact that many partictpanot finding the sexually-explicit
positive film clips pleasant. Similarly, a film clip depicgitoe surgery failed to augment startle

responding in Kaviani et al. (1999) — this will be discussedhie introduction to Study 3.

Pleasant and unpleasant odours have also served as fardgsbonuli for startle modifica-

tion studies (Ehrlichman, Brown, Zhu, & Warrenburg, 199%rliEhman, Brown Kuhl, Zhu,
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& Warrenburg, 1997; Miltner, Matjak, Braun, Diekmann, & Bisg 1994). All three of these
experiments found heightened startle blink magnitudenduunpleasant odours, when com-
pared to startle during a no-odour condition. Inhibitiorstdrtle during pleasant odour stim-
ulation has been less consistent, and only the most recehesé studies (Ehrlichman et al.,
1997) found a significant level of startle inhibition duripgsitive odours. This study used a
between-subjects design to prevent confounding of pesttilour perception by negative odour
presentation (Miltner et al., 1994, had presented pagrtdp with their negative and positive
odours in separate sessions a week apart). The positiveegiadive odours were also limited to
one exemplar of each, which were matched in terms of hed@dmue (that is, both pleasant
and unpleasant were of the same absolute difference inagafesm neutral; Ehrlichman et al.,
1997); compare Ehrlichman et al. (1995), where there weredburs in each of the pleasant
and unpleasant odour conditions. Using these hedonicaltgmed odours and a between sub-
jects design, both unpleasant and pleasant odours suaitessbdified startle relative to the
no-odour condition (Ehrlichman et al., 1997), in the marpredicted by the response matching

model (Lang, 1985).

Arousal and Startle Reflex Modification by Emotion

Looking back to the two-dimensional model of emotion owtirby Lang (1985), we should
consider the second dimension of emotional experiencesatpand how this dimension im-
pacts on two components of the startle reflex, the magnitatieink and skin conductance

responses to the startle probe.

Varying the arousal characteristics of pictures withinheatthe three standard emotional cat-
egories (positive, neutral, and negative) has a revealifegteon startle responding to those
pictures. Cuthbert, Bradley, and Lang (1996) divided eaatlegory into three groups on the
basis of subjective arousal ratings, providing high, mediand low arousal examples for each
valence condition. As neutral pictures increased in atpoldimk magnitude also increased,
showing the effects of “arousal without valence” (Cuthledral., 1996, p.109). For the affec-

tive picture categories (positive and negative), the tesuere more unexpected — only the
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highly-arousing positive and negative pictures produdgdificant startle modification from

the neutral condition.

Codispoti, Bradley, and Lang (2001) elicited startle dgram following a 500-ms picture pre-
sentation across positive, neutral, and negative categjohlthough startle blinks were greater
in magnitude for negative compared to positive pictures,difference between negative and
neutral did not reach significance at any probe time. Thewdifice between negative and neu-
tral still did not reach significance when these picturesensplit into high and low arousal
subgroups (Codispoti et al., 2001), as might have beengisztion the basis of Cuthbert et al.
(1996). The post-hoc nature of this split in the later studgdispoti et al., 2001) may mean
that the high-arousal pictures were not equivalent in sitgrio the earlier study’s high-arousal

category.

Imagery studies looking at arousal and startle show a éifitepattern of results from picture
based studies, perhaps reflecting different attentionabels of the two paradigms. Witvliet
and Vrana (1995, 2000 — the first of these studies employedcanstic startle probe, the
second a visual one) found separate effects on startle bisdmnitude for script arousal and
script valence. Highly arousing imagery was associatetl gieater startle blink magnitude
than the low arousal imagery, while within each arousalllewvegative imagery showed greater
blink magnitude than positive imagery. Thus the greatettlstanagnitude seen in the high-
arousal condition was not due only to the high-arousal megabndition. These two effects
of arousal and valence were independent of one anotherugrggla summational effect on
blink magnitude modification, so that high-arousal posiimagery produced a similar blink

magnitude to low-arousal negative imagery (Witvliet & Vaai 995, 2000).

The arousal characteristics of foreground stimuli are nsorgly related to the skin conduc-
tance component of the startle reflex. While blink magnitudeeases as the unpleasantness
of the foreground increases, the magnitude of SCRs incse@itle arousal, so that positive and
negative emotional stimuli, matched on arousal charatiesi will produce equivalent SCR

magnitudes in response to the startle probe (e.g., Bratlky, 8990). Some experiments (e.g.,
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Bradley, Lang, & Cuthbert, 1993) report greater startle S@&yynitude during negative com-
pared to positive stimuli, although this often indicateattthe selected materials were not in
fact matched in terms of arousal characteristics (as wasabe in the cited study). This in
turn reflects the difficulty in matching positive and negatstimuli for emotional arousal, as
can be seen in Cuthbert et al. (1996), where SCR magnitudesised with arousal across all
three valence categories, but was at a higher level for megadntents of low and medium
arousal relative to the corresponding positive categofi&smative ratings of picture arousal
(depicted in Figure 3 of Cuthbert et al., 1996) show that npesiple viewing these pictures
rated these low- and medium-arousal negative contents as anousing than their positive

category equivalents.

Startle Reflex Inhibition During Emotionally Positive Stilm

A personalised imagery study by Miller et al. (2002) clagftbese findings regarding startle
blink magnitude during imagery, but also raises severastijoes that are central to theory re-
garding emotional modification of startle. Miller et al. @) Experiment 2) used two different
types of imagery script for each of their emotional categmristandardised scripts, developed
by the experimenters for use with all participants (as hahlwne with all of the imagery ex-
periments previously detailed); and personalised scrijaeeloped by the experimenter in con-
junction with each participant to produce a more effectivé appropriate emotional response.
Imagery based on these personalised scripts was rated tigigents as more arousing, more
interesting, and more vivid than standardised script imad&oth standard and personal nega-
tive scriptimagery produced greater startle blink magtetthan neutral scripts. As observed by
Witvliet and Vrana (1995, 2000), positive emotional imagaiso produced potentiated startle.
This potentiation was greater still for personal compaoestdandard imagery scripts. Given the
subjectively more arousing nature of these personal pestripts, which also elicited greater
magnitude SCRs to the probe than standard scripts, it sé@mesis strong evidence that startle

modification during positive imagery is dependent on enm@i@rousal (Miller et al., 2002).

The authors hypothesised that increasing arousal levsldiffarential effects on startle in pic-
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ture viewing and imagery because, in the first instance gmwal engagement increases with
arousal, leading to a reduction in the attention that isctie to the startle probe, and hence inhi-
bition of the reflex. As there is no perceptual engagemertierihagery task, it was proposed
that increased non-perceptual mental processing is atedawith heightened startle (Miller
et al., 2002), a position that is backed up by data from staiitited during a non-emotional
cognitive task which varied in cognitive demand: Startiebbmagnitude was enhanced during
an eight second rehearsal period between presentationigit aefies and recall of that series,
compared to blink magnitude during the digit presentatiemnaa (Panayiotou & Vrana, 1998).

Although this hypothesis is advanced as tentative, it dpes aip further considerations:

1. Does the positive emotion experienced during this imalgave an inhibitory effect on startle

that interacts with the proposed effects of mental engagéme

2. Is the startle potentiation observed during negativetemal imagery due to emotional con-

tent or to mental engagement, or, again, a combination ditb@

3. Is the startle inhibition seen during arousing positiayse stimuli an effect of perceptual

engagement, emotional content, or both?

Answering these questions requires discussion of expetsrikat compare startle responding

between different varieties of positive emotional stimuli

Cuthbert et al. (1996), described above, found that startilibdition for positive contents was
significant during highly-arousing stimuli only. Levenstdatrick, Bradley, and Lang (2000,
for non-psychopathic male prison inmates; see next sefdranfuller description of this study)
found blink inhibition for positive contents was only assed with erotic picture contents, and
‘thrill’ picture contents (e.g., adventure sports suchadting and skiing) were associated with
blink potentiation in this sample. This result was repkchin a sample of male undergraduate
students, although potentiation for thrill relative to tralicontents was not significant (Bernat,
Patrick, Benning, Blonigen, & Hicks, 2002). In both of thededies, erotic contents were

rated as more arousing than thrill contents, and so therdift® in blink inhibition cannot be
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ascribed to content type rather than emotional intensithése instances. The undergraduate
sample also showed an effect for intensity within the erodistent category, as only medium-
and high-arousal erotic contents produced significanbitibn, a finding in line with Cuthbert

et al. (1996).

In female undergraduates, blink inhibition for positivetpre contents was again limited to
erotic picture contents, and did not occur during nurtu@naction (similar to thrill content
type described above) contents (Bernat, Patrick, SteffSgss, 2002) — action content blinks
were potentiated relative to neutral, an effect that onlyrapched significance, although these
data were from a preliminary repon € 21). Erotic and action contents were matched here on
normative arousal ratings, so the observed difference8rik modification can be ascribed to

differences in the emotional content rather than to effetttimulus intensity.

Two papers discussing the same experimental data set willid®issed separately here
(Bradley, Codispoti, Cuthbert, & Lang, 2001; Bradley, Guiiti, Sabatinelli, & Lang, 2001).
The experiment involved elicitation of the startle reflexidg multiple positive, neutral, and
negative photographic contents. The eight specific pestategories were, in order of norma-
tive arousal ratings, nature, families, food, adventupests, opposite-sex erotica, and erotic
couples. The number of participants £ 85, 45 female) and pictures per condition< 4)
were very high, although startle probes were only preseoteldalf of the pictures presented
in each category. The first study (Bradley, Codispoti, Cathb& Lang, 2001) considers the
data set as a whole, and found that across the eight posititee contents blink magnitude
decreased as content arousal increased. The erotic coatgmtared to be the only categories
for which blink inhibition (relative to neutral) was sigrdint. Same-sex erotic photographs
produced startle inhibition to the same degree as oppseskerotica, despite other aspects of
emotional responding (facial muscle activity, self reptting more indicative of a negative

emotional state during these picture contents.

The second study (Bradley, Codispoti, Sabatinelli, & Lad@Q1) examined these same data

while considering differences in responding between matefamale participants, with blink
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magnitude for both genders decreasing for positive costastarousal increased. The pre-
viously noted blink inhibition for same-sex erotica wasdant for both males and females.
Blink inhibition for the positive category (as a whole) riala to neutral was only significant for
male participants. Although pairwise comparisons betwessrh specific positive content and
the neutral category were not reported, it seems likelynffrasual inspection of figures) that
blinks for the most highly arousing positive contents, cgfeosex erotica and erotic couples,

would have been inhibited relative to neutral for both maled females.

One final study should be discussed here regarding positnaals Individuals who have been
deprived of food (for either six or twenty-four hours) showatgntiated startle blinks during pre-
sentation of food photographs, while non-deprived indiaid show blink inhibition for these
same stimuli (Drobes et al., 2001, Studyl). The authorsestgbat this potentiation could be
caused by frustrative non-reward leading to activatiorvefsive motivational systems, because
appetitive cues (the food stimuli) are presented but caleadtto reward (the participants could

not eat the photographic stimulus).

The current status of theory regarding startle respondumgngd positive stimuli is not entirely
clear. It is evident from the studies described above thaalhpleasant stimuli lead to startle
inhibition, although whether this is due to the arousal fjeslof the foreground or to more spe-
cific emotional processes (e.g., limited to sexual matereduires further investigation. This
question is related to an even more interesting questidrirtigacts on a basic assumption of
the startle modification paradigm, that startle blink intidm during positive emotional stim-
uli is due to engagement of appetitive motivational systeth®blink inhibition is limited to
highly-arousing positive stimuli, then this could indieaupport for the attentional engagement
hypothesis proposed by Simons and Zelson (1985) and Anthilwdycraham (1985), whereby
more highly interesting/arousing visual stimuli divertesition from the acoustic startle stimu-
lus. The results from studies of startle during positivegery of varying intensities (Witvliet
& Vrana, 1995, 2000; Miller et al., 2002) are more in line withs hypothesis than with the

motivational priming hypothesis.
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The answer to this question is very important for understapndmotional responding, but the
outcome would not negate the conclusions regarding staotientiation during negative fore-
grounds. Revisions of theory regarding startle modificadice currently in progress, with reso-
lution of the effects of attentional and emotional procedssing of particular interest (Bradley

and Lang, 2001, cited in Codispoti et al., 2001, not yet @itdd at time of writing).

Applied Use of the Emotional Modification of Startle
Paradigm

The final section of this chapter will examine three areadioiaal interest where responses in
the startle probe paradigm further the validity of the &artodification paradigm: depression,

eating disorders, and psychopathy.

Depression is thought to influence the processing of botathegand positive emotional stim-
uli, overemphasising the importance of the first type whalducing perception of the second
type. These two aspects of emotional processing in depressay be present to different de-
grees, and the startle reflex paradigm offers an ideal methiegdt the relative influence of these
two processes. When startle responding in a standard tlorgent picture viewing paradigm
was assessed for a group of clinically depressed (but medicandividuals, these individuals
showed no significant differences between the emotionacaies (Allen, Trinder, & Brennan,
1999). When the depressed participants’ data were anadggeatately for groups on the basis
of severity of depression as measured by the Beck Deprelsientory (BDI; Beck, 1967),
there was an interaction between picture content and $gweéidepression. Startle reflex mod-
ification in the moderate BDI score group showed the expegp#tbrn of results, as did the
results from a non-depressed control group. Participaritsa severe BDI score range showed
an abnormal pattern of startle modification: blink magnétdior negative and neutral contents
were undifferentiated from one another, while blink resggmnduring positive picture contents
were of significantly greater magnitude than either negabivneutral contents (Allen et al.,

1999).
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These differences in blink modification were observed ebenigh the depressed individuals
did not differ from the non-depressed controls in theimgsi of pleasantness or arousal for the
different picture content categories. Dividing participginto groups on the basis of score on
measures of anxiety or anhedonia did not reveal differest#tle modification patterns. The
authors suggest that for the severely depressed indigdstinuli that are positive for non-
depressed individuals actually engage negative emotsystéms in the brain, although it is
also possible that the results indicate a deficit in the atioa of attention to positive emotional

stimuli in severely depressed individuals (Allen et al.92p

A comparison can be made between the startle respondingpoési@ve patients and food-
deprived individuals (Drobes et al., 2001, Study 1); botbugrs of individuals show abnormal
startle responses to what are positive stimuli for the garnmopulation, possibly as a function
of frustrative non-reward (Allen et al., 1999). A final caveagarding this study is that all
of the depressed participants were taking antidepressanke time of testing (Allen et al.,
1999), which intuitively suggests that any effects of depi@n on startle modification should
be diminished. Testing depressed individuals when theggortefor clinical treatment (i.e.,
before receiving medication) would confirm the nature oftaesponding in this group, as
well as ruling out possible interference between the meéidicand responding. It is possible
that non-medicated, moderately depressed individualddighow a similar pattern of results

as that seen with the severely depressed group in Allen €999).

Food deprivation has been shown to change startle moddfictdr food photographs from blink
inhibition (for non-deprived participants) to blink potetion (Drobes et al., 2001, Study 1).
Female participants who reported eating patterns sinoléndse for bulimics (i.e., binge eat-
ing) showed startle modification that was similar to fooghukeed individuals, with blinks
during food photographs potentiated relative to neutraitext blinks (Drobes et al., 2001,
Study 2). Startle blink responding for participants whoomr@d eating patterns more analogous
to anorexia (i.e., restrained eating) showed startle itibibfor food photographs, just like
non-deprived participants. All participants in this studyed the food stimuli as pleasant and

arousing, which adds some support to the interpretaticrthiesabnormal patterns of respond-
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ing shown by the food deprived and bulimia-like particigawas due to frustrative non-reward
rather than these participants finding the food stimuli siver(Drobes et al., 2001). However,
startle responding does not always conform to subjectigagalintness ratings, as described in

the cases of depressed patients (above) and psychopathicals (below).

Psychopathic individuals are another group who procesgienab information abnormally.
Psychopathy as a disorder consists of two distinct tendenthe first of ‘emotional detach-
ment’ from others, and the second being a disposition tovaartisocial behaviour’ (Patrick,
Bradley, & Lang, 1993). The startle blink magnitudes of gsygaths during negative emo-
tional stimuli were inhibited, rather than potentiatedatiee to neutral slide blinks, a trend
that was apparent only for those psychopathic individud#ils knigh levels of emotional detach-
ment (Patrick et al., 1993). These negative contents weeel i@ emotionally unpleasant in
the self-reports of these psychopathic participants,advbhindicative of “a superficial grasp of
emotional language” (Patrick, 1994, p. 324) in these padits, even in the absence of normal
emotional processing for unpleasant materials. Subséqumk has shown that these abnor-
mally inhibited responses are only apparent for negatigipes portraying bodily mutilation
or other-directed assault: Images that represented & tord®e viewer did not produce inhib-
ited startle in psychopathic participants (Levenston e28l00). This observation is discussed
again in the introduction to Study 3. The startle modificatiata thus support the theoretical
position that psychopaths are deficient at processing emadty negative information (Leven-
ston et al., 2000; Patrick et al., 1993; Patrick, 1994). lrennhore, data from the most recent
of these studies suggest that negative emotional infoomativolving an external referent (i.e.,
a threat directed toward another individual) is processecerabnormally in these individuals

than emotional information that is self-referent (i.ergtits directed toward the viewer).

The results of these studies on startle modification fomiddials with depression or psychopa-
thy show that the paradigm is valid for testing assumptidruithe processing of emotional

information.
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Blink Latency to Peak

Experiments on emotional modification of startle that hawasured the latency to onset of
blink responses have found effects that mirror those foklilnagnitude — blink onset is facili-

tated (occurs earlier) during negative emotional statas$jsdelayed during positive emotional
states, relative to neutral state responses (Bradley, &98I0; Bradley, Cuthbert, & Lang, 1993;
Cook, Davis, Hawk, Spence, & Gautier, 1992; Kaviani et &99; Patrick et al., 1993; Simons
& Zelson, 1985; Vrana & Lang, 1990; Vrana, 1994; Witvliet &arfa, 1995). Note that some
of these experiments employed only negative and neutralienab states, others only negative

and positive states.

In experiments where blink magnitude did not follow the eotpd pattern across valence cat-
egories (potentiation for negative, inhibition for pogticontents), blink latency followed the
same pattern as blink magnitude. For instance, in Cook €1892), low-fear participants
(preselected on the basis of FSS-III scores) showed naelifée in blink magnitude between
neutral and aversive contents, and blink latency to onsetditl not differ across content types
for these participants; in Vrana (1995), positive scripagary blink magnitude was not inhib-
ited, and blink latency for this category was also no difféfeom neutral; Kaviani et al. (1999)
did not find blink magnitude potentiation for a disgustingnfitlip (see Study 3), and blink
onset was not different from neutral for this film clip; ane@ tharticipants with psychopathy in
Patrick et al. (1993), who showed no blink potentiation fegative picture contents, also did

not show onset facilitation for this category.

It is also possible that the arousal characteristics of aotiemal state play an important part
in modifying latency to blink onset. Cook et al. (1991) fouhlink onset facilitation for
highly arousing compared to less arousing imagery, avdrager positive and negative va-
lence scripts; this effect is consistent with their blinkgnaude findings in that valence effects
on blink magnitude (differences between positive and neganagery) were only significant
for the low-arousal contents, and not high-arousal costétiigh-arousal positive and negative

imagery blink magnitudes did not differ, and blink latenoyonset for these scripts was shorter
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than for the smaller, low-arousal script blinks. WitvlietcaVrana (1995) also suggested an
arousal component to blink onset facilitation, in that kéirduring high-arousal imagery were
facilitated relative to blinks during low-arousal imagelty this experiment, arousal and valence
were confounded to a certain extent, so that the patternimdf blagnitude and latency varied
almost exactly along the dimension of arousal (i.e., love@stisal imagery script had small-
est/slowest blinks, and highest arousal imagery scripti&uagest/fastest blinks). This issue is

covered in more depth in the introduction to Study 4.

Using an experimental design similar to Miller et al. (20EXperiment 2), where positive
imagery produced blink magnitude potentiation, it mightgossible to assess the effects of
arousal on blink latency more effectively. It may also begiole to discern whether blink
onset latency covaries with blink magnitude, so that blatkehcy is always facilitated in situ-
ations where blink magnitude is potentiated, or is alteriffdreéntly for positive and negative

emotional processing.

The pattern observed across all the studies described abitna blink magnitude and onset la-
tency are closely related. Three studies should be notetevidtiek onset results were different
from the pattern of blink magnitude. Cuthbert et al. (19%&)ed arousal and valence qualities
of their picture sets and found blink magnitude modificatigrvalence that depended on the
arousal dimension of the stimuli. Blink latency did not diffas a function of valence, arousal,
or their interaction. Balaban and Taussig (1994) found fffer@ince in blink latency between
emotional categories (disgust, fear, neutral, and p@&itikespite significant blink magnitude
modification for the fear and positive conditions. This expent is discussed in more depth
in the introduction to Study 3. Finally, in a film clip studyukbari et al. (1996) found blink
onset facilitation for both positive and negative condiiaelative to neutral, despite finding
blink magnitude inhibition for the positive condition. Bfinding suggests an arousal mediated

effect of emotional content on blink onset latency, rathanta valence mediated effect.

The majority of studies on blink latency show that resporrsebis facilitated under those con-

ditions where blink magnitude is potentiated, and delaybdmblink magnitude is inhibited.
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This could be due to parallel effects of emotional procegsimthese components of the blink
response (e.g., negative emotional states prepare boléwrd@r and faster blinks) or could be
a simple effect of the response properties (e.g., largemmate blinks always have a faster

onset). The effects of arousal on blink latency to onset atelear at present.

Summary.

To summarise this chapter, it has been demonstrated relbetitat the startle reflex is modified
by the valence of emotional information being processedroydividual. The validity of this
position has been reinforced (a) by the use of multiple neitlod emotional induction to ensure
that the noted effects are not specific to or caused by a pkatiask (e.g., picture viewing); and
(b) by elicitation of startle through various sensory mda (e.qg., visual, auditory, or tactile)
so that it is again clear that responses observed for diffen@otional foregrounds are related
to the emotional state of the individual, rather than othearacteristics of the stimulus that
elicits this state or of the stimulus used to trigger stafleally, two situations (depression and
psychopathy) were detailed in which clinically-descrilaéthormalities in emotional processing
manifested themselves as deviations from the expecteerpait startle responses to emotional

stimuli. Blink latency to onset was facilitated in a simifzattern to blink magnitude.

On the basis of these results, it seems that the startle pafbexdes a valid indication of the in-
dividual's underlying emotional state, at the level of wiestthe state is aversive or appetitive.
Some qualifications to this statement have already beerdrfetg., with regard to the fore-
ground’s arousal characteristics), and more will be raisgtie introductions to the following

sections.
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Study 1

This first study was conducted simply to obtain ratings oémak and arousal for a substantial
subset of IAPS photographs (Lang et al., 1999a). The set €omtd standardised ratings
for all pictures (Lang et al., 1999b), including separatgorés of ratings for male and female
participants. The main purpose of this study was to enswaepicture ratings used to select

pictures for experiments on New Zealand participants wate v

Part of the rationale behind the acquisition of ratings waseld on two potentially major dif-
ferences between New Zealand and the United States (wheestaihdardised ratings were col-
lated) regarding snakes and firearms. Firstly, New Zealasdo wild snake population, and
so the actual threat of encountering a snake in New Zealamebigyible. Secondly, pistol own-
ership is rigidly restricted so that pistol owners may orbyrs and use their pistols at registered
and monitored pistol clubs. The majority of New Zealandeesefore would only have vicari-
ous exposure to these two threatening situations, throwghanand popular cultural references.
It should be acknowledged that while this may also be the itasther countries, the purpose
of this study was to ensure that these stimuli were percasadthpleasant by New Zealand par-
ticipants. Photographs of snakes and firearms are frequesel to evoke fear experimentally,
representing of two different classes of threatening diifithose such as snakes that may have
been of importance to survival during the course of humatugiem (phylogenetic fear-relevant
stimuli) and those that have only emerged as threats towamgcently in terms of the human
species (ontogenetic fear-relevant stimuli). Study 2 remt$ startle potentiation between these

two types of negative stimuli.

Participants rated pictures with a computerised (Joné¥)&0version of the Self-Assessment
Manikin (SAM; Hodes, Cook, & Lang, 1985). The SAM is a gra@ticating scale comprised
of three separate measures tapping three dimensions ofcemetlence, arousal, and dom-

inance. Each scale has five anchor points, represented topidike pictures of a person in
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different emotional states (presented in Appendix A). Toraputerised SAM used in this study
produced values from 1 to 9 for each dimension, with each@mmbint on a scale producing a
discrete score for that dimension (i.e., the charactersipefdix A produced scores of 1, 3, 5,
7, & 9). The valence dimension ranges from very unpleasastdee of 1), through neutral, to
very pleasant (score of 9). The arousal dimension rangesimarousal (score of 1) to highly
arousing (score of 9). The dominance dimension covers haanirol of their emotional expe-
rience the participant felt while viewing the picture, aatiges from highly dominated (score
of 1) to highly dominant (score of 9). Dominance ratings wialeen but not analysed in this

study, for reasons given in Chapter 1.

Participants also filled in several questionnaires to astbesr fear levels in several situations.
The questionnaires given were of two types. Three questioes (Klorman, Weerts, Hastings,
Melamed, & Lang, 1974) were designed to measure specifis:féavard snakes (the SNAQ),
spiders (SPQ), and blood or bodily mutilation (MQ). The dig®aires require participants to
read each of a series of statements (e.g., “I feel sick wher hsspider”) and indicate whether
they believe the statement is true or false for them. Sevierak on the SNAQ and SPQ were
changed to be more applicable to New Zealand participards, (@ferences to locations on
the American continents where snakes and large spiderdgrly prevalent were changed to
Australia). The revised questionnaires are included inelgjix B, and the changes are duly

noted there.

A fourth questionnaire was designed to measure fear towsadiety of situations, hence pro-
ducing a non-specific total fearfulness score, and was pextiby selecting items from the
second Fear Survey Schedule (FSS-II; Geer, 1965). For Keeoddrevity this questionnaire is
referred to as the FSS in the following results sectionsisfttiesis; references to other experi-
ments that used one of the FSS measures will specify whichvE&$n was used. The items

included on this revised schedule are presented in Appéhdix

There were no experimental hypotheses, as such, for thdg:situvas predicted that ratings of

pleasantness and arousal would differ depending on thieiparits’ self-reported fear levels to-
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ward certain stimuli, as assessed by the four fear questites Participants scoring highly on
a given questionnaire were hypothesised to give lower plgasss ratings and higher arousal
ratings, relative to low-scoring participants, for negatcontent stimuli relevant to that ques-
tionnaire (e.g., pictures of spiders in the case of the SP&snore of spider-fear). Ratings for
neutral and positive content pictures were predicted toilmédas across high and low fear-
guestionnaire score groups. Consequently, the data amalls concentrate on describing
differences in ratings of emotional valence and arousal&en different categories of picture
stimuli, as well as evaluating whether these picture ratiddfer on the basis of gender or
pre-existing fear levels toward that type of stimulus asxatl by the participants’ fear ques-
tionnaire scores. Means and standard errors of valencerandad ratings for each picture are

presented in Appendix D.
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Method

Participants

The participants were 64 female and 24 male first-year psgghctudents at the University of
Otago, aged between 17 and 48 years (median = 19). Paricipa#s voluntary, and partici-

pants received credit toward their course grade.

Prior to contributing to the study, all participants confaanthat they either had no eyesight
problems or were wearing corrective lenses, in additiondbhaving received treatment for

anxiety or depression in the twelve-month period precethegexperiment.

Picture Stimuli

The 160 photographic stimuli used in this experiment welecsed from the IAPS (Lang et al.,
1999a). From this set, all instances of pictures relevathadypothesis of Study 2 were se-
lected, including snakes € 16), spidersr{ = 5), other threatening/unpleasant animals (2),
aimed guns and knives € 10), and other dangerous modern items ). These pictures were
combined with a set of disgust and mutilation specific phappic stimuli = 17) to make up
an a priori unpleasant set of photographs (tatal65). Pleasantn(= 48) and neutralr(= 47)
pictures were also included. Disgusting, neutral and pleigshotographs were selected mainly
on the basis of having been used in previous startle invagtigs of emotion, as noted in Table
5 of the IAPS instruction manual (Lang et al., 1999b), witldiidnal pictures being selected
for these categories by the experimenter so as to roughéynbalthe number of positive, neu-
tral and negative pictures in the study. Appendix D listsglatures included in the negative,
neutral, and positive categories, as well indicating tloéupes included in the specific negative

categories.
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Experimental Design

The pictures were divided into eight blocks of 20 pictureimg® Latin square design, so that
each block consisted of the same proportion of negative ), neutral § = 6), and positive
(n = 6) pictures, with the exception of block eight, which hadgbitnal and 9 negative pictures.
Within each block, the order of picture presentation wagmheined by assigning each picture
a number and then using a random number generator to assiymeporder, with the sole
criterion being that no more than two adjacent pictures Virene the same a priori affective

category.

Following these arrangements, the blocks were split intogubsets of four blocks each (i.e.,
80 pictures), with each participant rating only one subgettiuce the likelihood of fatigue.
The first subset consisted of blocks one to four, while thesésubset included the remaining
four blocks. Finally, each subset was viewed in either thgimally designated order or in the
reverse of this order. Picture subset viewed and presentatder were counterbalanced across

participants.

Apparatus

Participants viewed and rated the pictures on an IBM-coiblgaPentium-IIl computer, with
a 30 by 22 cm viewing screen. The computer controlled boteegration of the pictures and
the recording of SAM ratings via an interface developed sigadly for this experiment (Jones,

2000a).

Procedure

On entering the experimental room, the participant waddxtien the experimental procedure
before providing written informed consent. A battery of sti@nnaires was then completed

to assess prior levels of fear of snakes, spiders and bloddytmutilation (SNAQ, SPQ, and



41
MQ, respectively: Klorman et al., 1974, included in AppenB), as well as a 39 item general
fear questionnaire adapted from the Fear Survey Sched(fke=#r, 1965, see Appendix C). On
completion of these questionnaires, the participant waseddn front of the computer display
of the SAM rating system (Hodes et al., 1985). The SAM usedhis $tudy consists of three
5-point pictorial scales, representing the dimensionsaténce, arousal, and dominance, on

which the participant was instructed to rate how the pictnaele them feel.

At this stage the participant viewed and rated a sample ngictet of six pictures (not included
in the results) in order to familiarise themselves with thtng system and allow them to ask
for clarification of the instructions. The room was then @asrd&d to improve screen contrast,
and the experimenter left the participant to complete ttirga for the 80 experimental stimuli.
Each picture was viewed for a total of six seconds, with themater automatically displaying
the SAM ratings screen at the end of this period and recoriiegatings upon completion of
all three scales. Once the participant had finished thegsfior a picture, the next one was

presented after a five second pause.

Data Analysis

Means and standard errors of ratings for each individualipecare presented in Appendix D.
Ratings for individual pictures are not considered in tiseils section. The analyses performed
on the data fall into three categories. Firstly, valenceanodisal ratings were calculated for all
pictures, and these data were divided into the a priori pesibeutral, and negative categories.
Repeated-measures ANOVAs were performed on these dataGemder as a between sub-
jects variable and Emotional Category as a repeated meagar@ble. Greenhouse-Geisser
corrections to the degrees of freedom were applied to all ¥A@sults involving the repeated
measures variable to protect against possible violatibtisessphericity assumption (Jennings,
Cohen, Ruchkin, & Fridlund, 1987). This correction redutiess degrees of freedom used to
determine the probability values for &test involving the repeated measures variable, by mul-
tiplying the actual degrees of freedom for that ratio by aection epsilon valuee]. Epsilon

values for each correction are given at the first stage in AAKDVA when a result involving the
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repeated measures variable is reported. Degrees of freeghmrtied in the text of the results are
the uncorrected levels, while the probability values statere calculated from the corrected
levels. As the epsilon value of this correction remains @m@es for interactions involving the
same repeated measures variables, the epsilon value torAA40OVA is only stated once in

each analysis, as there was only the one repeated meastiadsevan this study.

Separate analyses were performed for the valence and adimsgmsions, along with planned

simple contrasts of ratings between the three categorigditidnally, a quadratic contrast was
tested across the three categories for the arousal dinmetasiest the hypothesis that emotion-
ally valent images (i.e., either positive or negative catjterould produce higher arousal ratings

than neutral images.

Secondly, data from within the negative category were spfitfive distinct content categories:
snakes, spiders, other negative animals, disgust/matilpictures, and non-animal threats. The
negative-content picture ratings were then analysed ieatejol measures ANOVAS, again sep-
arate for valence and arousal, with Gender as a betweenetsvariable and Specific Content
as the repeated measures variable. As there were no hypsttegmrding differences in ratings
between these negative categories, significant ANOVA tffe@re assessed using post-hoc

Tukey’s Honest Significance Difference (HSD) tests.

Finally, median splits of scores on the four fear questimesavere used as between subject
variables to test how prior levels of fear influenced theipgr@nts’ ratings of picture contents.
Analyses were again performed for both the three Emotioaggbdries, and the five specific
negative categories. To avoid repetition of data trendsadly described, only the highest order
interaction involving questionnaire score group in eachOMA was followed up with post hoc
testing. Comparisons were made between the high- and love-ggoups at the same levels of

the other variables in each significant interaction.
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Results

Comparisons Between a priori Positive, Neutral, and NegaRictures

Ratings of the pleasantness of the three picture groupsdramgnificantly by Emotional Cate-
gory,F (2, 170) = 601.12p < .001,¢ = .85. As can be seen in Table 1, pleasantness ratings
increased from the negative to the neutral category, amd fr@ neutral to the positive cate-
gory, Fs (1, 85)> 325.23,ps < .001 , for simple comparisons between the three conditions.
Averaged across all picture contents, females rated gistas less pleasari¥l(= 5.24) than
males did W1 = 5.53), although this difference was just short of signifma F (1, 85) = 3.94,

p = .05.The interaction between Emotional Category and Geslde approached significance,

F (2, 170) = 2.49p = .095.

Arousal ratings also differed significantly on the basis ofndiional Category,

F (2,170) = 210.5p < .001,¢ = .92. As seen in Table 1, negative picture contents werd rate
as more arousing than both neutral and positive pictureectsiFs (1, 85) = 393.06 and 95.6,
both ps < .001. Positive pictures were also rated as more arousing tieatral content
pictures,F (1, 85) = 132.62p < .001, and the trend indicating higher arousal ratings for
the emotionally valent compared to neutral contents wadirooed by a significant quadratic
trend,F (1, 85) = 389.01p < .001. Participant Gender did not have a significant mairceffe

on arousal ratingsk (1, 85) = .45,p = .505, nor did it interact with Emotional Category,

Table 1: Means and Standard Errors of Valence and Arousatdrafior Positive, Neutral, and Negative
Categories

Dimension Positive Neutral Negative

Valence 6.92 5.57 3.48
(S.E.) (.07) (.08) (.10)

Arousal 3.21 2.00 4.69

(S.E.) (.14) (.10) (.15)
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Table 2: Means and Standard Errors of Valence and Arousaidgafior Specific Negative Contents

Dimension Snakes Spiders Animals Disgust Threat

Valence 3.94 4.38 4.01 2.61 3.50
(S.E) (.15) (.19) (.14) (.09) (.12)

Arousal 4.55 4.03 4.55 5.15 4.57
(S.E) (.18) (.21) (.16) (.17) (.17)

Note. Animals = Non-snake/spider unpleasant animals. iBisg Disgust and mutilation pictures. Threat = Non-
animal threatening images.

F (2,170) = 1.5p = .226.

Comparisons Between Specific Types of Negative Pictures

The ANOVA for valence ratings of the five negative subcateggpfound a main effect for

Specific Content (4, 340) =33.78p < .001,e =.72. There was also a main effect for Gender,
F (1, 85) = 6.33p = .014, with female participant®/ = 3.53) rating the negative pictures as
less pleasant than male participants dl € 4.1) across all five negative subcategories. No

interaction occurred between Gender and Specific Corftedt, 340) = .11p =.948.

Means and standard errors of valence and arousal ratinglsedive specific negative content
types can be seen in Table 2. Post-hoc testing of valencgsaghowed that disgust/mutilation
pictures were rated as less pleasant than all other conpsnts.001. Non-animal threat con-

tent pictures were likewise rated as less pleasant thanfahg three animal negative contents,
ps < .05. For the three animal content negative pictures, snakes rated as less pleasant
than spidersps = .013. The ‘other animal’ category was also rated as lessspht than spi-

ders, although this difference only approached signifiegme .056. Valence ratings were not

significantly different for snake and ‘other animal’ conterctures,p = .988.

The ANOVA addressing arousal ratings in the negative caiegshowed a significant main

effect for Specific ContenE (4, 340) = 7.23p < .001,e =.79. The disgust/mutilation category
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Table 3: Descriptive Statistics for the SNAQ, SPQ, MQ, & FS&§&lionnaires.

Questionnaire Mean S.E. Median
SNAQ 7.39 (.54) 6
SPQ 6.29 (.63) 4

MQ 9.17 (.63) 8
FSS 116.87 (3.23) 116

pictures were rated as more arousing than any other negativee contentsps < .026. Both
snakes and non-animal threat contents produced greatgsahn@tings than spider pictures,
ps = .048 and .026, respectively. Gender was not a significdiutence on arousal ratings,
either as a main effecE (1, 85) = 1.21p = .274, or as an interaction with Specific Content,

F (4, 340) = .66p = .586.

Questionnaire Scores

Table 3 reports median scores, mean scores and standarsl ferreach questionnaire. Gen-
der and Picture Set were between-subjects variables forazalysis. In the SNAQ and MQ
guestionnaire score ANOVAs, Gender approached signifegdig (1, 83) = 3.09 and 3.39,
ps =.083 and .069. On the SPQ and FSS questionnaires, Geddestdipproach significance,
Fs (1, 83) =2.38 and 1.89s = .126 and .173. Questionnaire scores did not vary on the bas
of Picture Set viewed;s (1, 83)< .94,ps > .333, nor did Gender interact with Picture Set for

scores on any of the questionnaires,(1, 83)< .25,ps > .622.

Correlations were also calculated between all four of thestjannaires, and the coefficients
are reported in Table 4. All of the possible correlationsugen the questionnaire scores were

significant,ps < .001.
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Table 4: Correlations Between Scores on the SNAQ, SPQ, MQS& Buestionnaires(= 88). All
correlations were significant pt< .001.

Questionnaire SNAQ SPQ MQ FSS
SNAQ - .647 5 .548
SPQ - 407 .59
MQ -- 627
FSS -

Picture Ratings by Questionnaire Score — the Three PleasastCategories

Due to the vast number of data that would require presemtatithe following table to show
means for both high- and low-fear groups for each emotioatdgory, only the difference in
valence and arousal ratings between these groups is rdporf@ble 5. Approximate means
for the high- or low-fear groups can be calculated by addingubtracting (respectively) half

of the appropriate reported difference in Table 5 from thegary means reported in Table 1.

With a median split on the SNAQ questionnaire used to divaigpants into two groups for
analysis of pleasantness ratings, there was a significearastion between SNAQ group and
Emotional Categony (2, 166) = 4.76p = .013,¢ = .89. Negative pictures were rated as less
pleasant in the high-SNAQ group than in the low-SNAQ graup; .001. Ratings of valence
for the neutral and positive picture contents were not &icantly different between high- and
low-SNAQ groupsps =.771 and .713. Similar interactions between questioasaore group
and Emotional Category were found for the M)(2, 166) = 3.29p = .047,¢ = .86, and for
the FSSF (2, 166) = 9.09p < .001,¢ = .89. Again, participants in the high-fear groups rated
the negative pictures as less pleasant than the low-feapgiil, ps < .001, and there were
no differences in valence ratings of the neutral and pasitategories between the high- and
low-fear groups on either questionnaire, @l> .835. Differences in valence ratings for each

category between the high- and low-score groups for eacétign@aire can be seen in Table 5.
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Table 5: Difference in Mean Valence and Arousal Scores Betvdigh and Low Fear-score Groups, for
Positive, Neutral, and Negative Categories

Questionnaire Dimension Positive Neutral Negative

SNAQ Valence -17 -.18 -.88*
Arousal 33* 13 -7

SPQ Valence -.17 -.19 -.69
Arousal A7 .18 -.56

MQ Valence -.18 -.15 -73*
Arousal -.16 -.27 -1.01*

FSS Valence -.01 -1 - 79*
Arousal .09 .07 -.88*

Note. The difference score represents the difference tuggcatings between high and low fear groups, for each

questionnaire. Negative scores indicate that pictureadh €ategory were rated as more unpleasant/arousing in
the high-fear condition. Picture ratings could range froto @ on each measure. Significant differences between
the high- and low-score groups are indicated, < p001.

A median split on the SPQ questionnaire found an interadiemveen Gender, SPQ group,
and Emotional Category (2, 166) = 4.33p = .019,¢ = .88. For male participants, there
were no differences in valence ratings between high- and38\@ groups at any of the three
Emotional Categorieqs > .93. Female participants who scored above the median orRe S
showed lower pleasantness ratings of the negative picair@®Is= 2.86) compared to females

who scored below median on the SAQ £ 3.87),p < .001.

Several patterns were apparent in the ANOVAs performed ounsal ratings by questionnaire
scores. Significant interactions between questionnagemand Emotional Category were ap-
parent for the MQF (2, 166) = 5.69p = .005,e = .94, and FSS questionnair€s(2, 166) = 10,

p < .001,e =.96. In the post hoc tests for these analyses, arousafjsdfion negative content
pictures were higher in the groups scoring above the mediarpared to those scoring below
the median on the respective questionnaipssy .001. Arousal ratings for neutral and posi-
tive picture contents were not significantly different beém the high- and low-score groups on
either questionnairgs > .437. Table 5 reports the differences in mean ratings ofsaidior

high- and low-score groups for each questionnaire.
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For the analysis of arousal ratings by SNAQ score, the intena between SNAQ group and
Emotional Category was again significaht(2, 166) = 7.12p < .001,¢ = .96. As shown in
Table 5, below median SNAQ-score participants rated piegsatures as more arousing than
did participants scoring above the median on this meapureQ01. No significant differences
were observed between high and low SNAQ-score particiffantsegative or neutral picture

contentsps = .293 and .547, respectively.

The ANOVA for arousal ratings by SPQ score returned a sigaitiinteraction between SPQ
group and Emotional Categoty,(2, 166) = 3.46p = .037,¢ = .93. Post hoc tests showed no
significant differences between high- and low-SPQ scoremgdor arousal ratings in any of

the Emotional Categories, gt > .125.

Picture Ratings by Questionnaire Score — Specific NegativeeDits

Once again, the following table only reports differencesveen the high- and low-fear groups
on their ratings of pleasantness and arousal for the fivafgpeegative picture contents. Ap-
proximation of actual group means can be performed as pée bakhis time comparing Table

6 to Table 2.

For valence ratings by SNAQ score group, a significant icteoa appeared between SNAQ
group and Specific Conter#t,(4, 332) =7.56p < .001,e =.742. All three categories of animal
pictures (snakes, spiders, and other) were rated as lessapleby participants who scored
above the median on the SNAQ questionnaire compared to tbemeedian groupps < .012.

Valence ratings of disgust/mutilation and non-animal ahygictures were not different in the

high and low SNAQ-score groupss > .947.

The SPQ score ANOVA showed an interaction between SPQ-gcoup and Specific Content,
F (4,332) =8.54p < .001,e =.79. Participants who scored above the median on the SBQ rat
shake and spider pictures lower on pleasantness thanipantis who scored below the median,

ps < .038. Valence ratings for the other negative content caiegavere not significantly



49

Table 6: Difference in Mean Valence and Arousal Scores Betwdigh and Low Fear-score Groups, for
Specific Negative Contents

Questionnaire Dimension  Snakes Spiders Animals Disgust reafh
SNAQ Valence -1.63*** -1.67 -.98 -.23 -51
Arousal -1.09 -1.10** -.66 -.42 -41
SPQ Valence -1.04* -1.94%** -.65 -.38 -.27
Arousal -.73 -1.83** -.68 -.30 -.16
MQ Valence -.88 -1.12 -.66 -.65 -.58
Arousal -1.10 -1.77 -.89 -1.03 -.76
FSS Valence -1.33*** -1.92%** -.8 -43 -.36
Arousal -1.23*** -1.76%** -.84* -.79 -.39

Note. Animals = Non-snake/spider unpleasant animals. u3isg Disgust/mutilation type pictures. Threat = Non-
animal threatening images. Each score represents theatiffe in ratings between the above-median score group
and the below-median score group for that variable. Negatiwres indicate that pictures in that category were
rated as more unpleasant/arousing in the high-fear conditPicture ratings could range from 1 to 9 on each
measure. Significant differences between the high- andslowe fear groups are indicated as follows, **%p
.001;**p < .01;*p< .05t p<.1.

different in the high and low SPQ-score groups;> .656.

An interaction between FSS score group and Specific Conteas waiso evident,

F (4, 332) = 6.69p < .001,¢ =.79. The snake and spider categories were again ratedsas les
pleasant by the high-FSS group compared to the low-FSS gpsup .001 for the snake and
spider categories. For the other animal category, thigwdiffce only approached significance,

p = .069. The disgust/mutilation and non-animal threat aatggatings were not significantly

different between the two median-split FSS grouss; .94.

The ANOVA for valence ratings and MQ score showed a threeinigyaction between Gender,
MQ group, and Specific Conterf, (4, 332) = 5.84p < .001,¢ = .79. Female participants
showed lower pleasantness ratings for snake and spidemrgicontents if they had scored
above the median on the MQ compared to those females scaiog median on this measure,
ps < .003. No other negative category showed differences imealeatings between high- and

low-MQ score femalegs > .214, and male participants showed no difference in ratomghe
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basis of MQ score group for any of the specific negative cdstpa > .633.

Arousal ratings also differed according to fear group, vaithinteraction between SNAQ group
and Specific ContenE (4, 332) = 2.64p = .047,¢ = .79. Spiders were rated as more arousing
in the high-SNAQ than in the low-SNAQ group~= .001, but arousal ratings for snake pictures
did not differ by SNAQ group membership,= .153. A similar interaction was found in the
SPQ group analysis; (4, 332) = 7.89p < .001,¢ = .85. As with the SNAQ analysis, only
spider arousal ratings were modulated by SPQ group scotle higher arousal ratings in the
high SPQ-score group compared to the low score grpup,001. No other categories differed

in ratings by SPQ group membershgs,> .556.

On the MQ score ANOVA, there was no significant interactiotwleen MQ score and Specific
Content,F (4, 332) = 2.28p = .075,¢ = .81. There was a significant main effect for Specific
ContentF (4, 332) =5.93p < .001, and also a main effect for MQ score grokgl, 83) = 9.9,

p = .002. This difference has already been addressed in tHgsanaf ratings for the three
category model by MQ score; negative pictures were ratedas arousing in the high MQ-

score group than in the low MQ-score group.

The FSS by Specific Content interaction was also signifidan, 332) = 4.62,p = .003,
¢ = .81. All three negative animal content categories weredrats more arousing in the high

FSS-score group than in the low FSS-score grpapg; .023.
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Discussion

Analysis of valence and arousal ratings across the stanueitive, neutral, and negative pic-
ture categories showed results that were largely in link @xtpectations. These three categories
differed in valence so that pleasantness ratings were sidbethe positive category and low-
est for the negative category, with values for neutral aunpéctures falling between the two.
Arousal ratings were in turn higher for the two emotionalyent categories (i.e., positive and
negative) compared to the neutral category. Additionakgative content pictures were rated
as more arousing than positive content pictures, a difterevhich was not hypothesised but
was also not without precedent (e.g., Jansen & Frijda, 1f#f#hd that participants were am-
bivalent in their ratings of sexually arousing materialpésasant). This finding is probably
indicative of the fact that the negative pictures chosentligg study were mostly related to
more intense emotions (e.g., fear and disgust) while thaiyp®pictures were not selected as
exemplars of specifically intense emotional situationg.(sexually explicit images), but were

of varied positive contents.

Participants who had scored above the median on the SNAQ aM-SS questionnaires gave
lower pleasantness ratings to the negative content pgtinan participants who had scored
below the median on these questionnaires. This was alsoaypdar the SPQ questionnaire
for female, but not male, participants. Participants whareg above the median for the MQ
and FSS also showed higher arousal ratings for the negattegary compared to the low-

score groups. Unexpectedly, high-SNAQ score participstmigved lower arousal ratings for the
positive picture category when compared to the low-SNAQegwoup. There is no obvious

explanation for this effect; perhaps because high-featigpaants find the negative pictures
more arousing, the positive pictures are experienced asval less arousing, leading to a
restriction of arousal ratings for these contents compsoeabat for low-fear participants. As

all other differences between the high- and low-score gsoupre on ratings of the negative
picture category, specific issues will be taken up in theudision of the specific negative content

analyses.
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Least unpleasant Most unpleasant
Valence | |
Spiders Animals, Snakes Threat Disgust
Least arousing Most arousing
Arousal | |
Animals, Spiders ———  Snakes, Threat — Disgust

Note. Animals = Non-snake/spider unpleasant animals. WBisg Disgust and mutilation type pictures.
Threat = Non-animal threatening images. Arrows indicajaificant differences between groupgat .05.

Figure 2 Hierarchy of valence and arousal ratings for specific riegabntents

Looking more specifically at differences within the negatoategory, mutilation and disgust
type pictures were rated as both less pleasant and moreragdhan any other negative cat-
egory, with ratings for non-animal threatening images egietween disgust/mutilation pic-
tures and negative animal pictures. The specific hierarElglence and arousal ratings within

the negative category is portrayed in Figure 2.

Figure 2 illustrates that negative picture contents thaeweost extreme on the valence scale
tended to have higher arousal ratings. It is worth noting time-animal negative categories
were rated more extremely on both valence and arousal thaaramal-content negative pic-
tures, and that ratings of pictures from these categoriegydting/mutilation pictures and non-

animal threat pictures) were never dependent on self-regéear levels.

Comparing specific negative content picture valence rategween high- and low-score par-
ticipants on each of the fear questionnaires showed thasaigness ratings for all three animal
content categories were lower for participants scoringalhoe median on the SNAQ and FSS.
The same was true for valence ratings on snake and spidergsctor participants scoring

above median on the SPQ and MQ, but this was only the casenfads with the MQ measure
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analysis. Ratings of pleasantness for the non-animaltthreadisgust/mutilation pictures did

not differ on the basis of questionnaire scores in these/aesl

The increased arousal ratings in the negative categorydorMQ score participants, described
above, was not specific to any particular negative contgy.tyHigher arousal ratings in the
high-FSS score group were specific to the three animal conegative picture types, while
high SNAQ and SPQ group participants showed higher aroag@igs than their low-score

equivalents for spider pictures only.

In summary, participants who scored above the median ornthe specific fear questionnaires
(SNAQ, SPQ, and MQ) generally showed lower pleasantnesgysafior both snake and spider
pictures, in spite of the fact that the MQ was developed toragilation fear. This can be
explained in light of the fact that scores for all three ofseuestionnaires were correlated,
so that participants who scored highly on the MQ, for examptee likely to have also scored

highly on the SNAQ or SPQ.

Scores on the MQ also did not seem to relate to valence oramaisgs of mutilation and dis-
gust images. As these pictures were rated as the most uaptesasd most arousing of all the
negative content pictures, this lack of result may have laleento a constraining effect of the
rating scales, so that ratings were around ceiling for atiggpants, rather than a lack of speci-
ficity for the MQ. An alternative interpretation of this findj is that for high blood/injury or
mutilation fearful individuals, differences will not apgrein the intensity of subjective ratings
of pleasantness or arousal, but rather in the behavioutaphgsiological responses to these
unpleasant stimuli. In a study using females preselectediy high or very low blood-injury
fear (above the 90th percentile and below the 15th peresmithe MQ measure, respectively),
Hamm, Cuthbert, Globisch, and Vaitl (1997) found that the fear groups did not differ on
ratings of pleasantness or arousal for mutilation contestipes. Measures of viewing time,
startle potentiation, and heart rate changes were in litie the high-fear participants finding
these materials aversive. Discordance between subjeatings and physiological responding

is not uncommon: In Chapter 3, it was noted that individuath wepression or psychopathy
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rate fear-relevant pictures at similar levels for pleasas$ and arousal as control participants,
but show abnormal patterns of physiological respondinghesé pictures (Lethbridge, Sim-

mons, & Allen, 2002; Levenston et al., 2000).

A second point of difference between mutilation/disgupetpictures and pictures of specific
feared animals relies on the ratings from this study. Boéhtigh and low MQ-score patrtici-
pants rated the mutilation/disgust pictures as unpleasamiean valences were 2.28 and 2.93,
arousal ratings 5.66 and 4.64, for high and low MQ-score pgsaespectively (derived from
Tables 2 and 6). With mean valence and arousal for the nazategory standing at 5.57 and
2 respectively, it is clear that both the high and low mutiatfear participants found these
pictures both unpleasant and highly arousing. Taking sgoitures as a second example, the
ratings for valence and arousal were as follows — valence &l 5.35, arousal 4.95 and 3.12,
for high and low-SPQ score groups, respectively. Here, tge spider-fear participants find
the spider pictures both highly unpleasant and arousingge\ime low-fear participants gave
similar pleasantness ratings for the spiders as for nepitcalres. The difference between the
two types of fear and their relationship to subjective mgginf picture stimuli hence seem quali-
tative rather than quantitative — for mutilation and disgype pictures, the difference between
high- and low-fear participants is the degree to which they fhe picture unpleasant, while for
spider pictures the difference between the two fear groapse conceptualised as whether the

stimulus is experienced as unpleasant or neutral.

As compared to the specific fear questionnaires, compaigiydnd low scoring participants
from the FSS-1I-R scale showed valence and arousal ratffeyeinces, in the anticipated direc-
tion, for all three animal-content categories, but not tisgast/mutilation or non-animal threat
category. The FSS-1I-R seemed to have greater validity fedipting differences in arousal
ratings between high- and low-fear individuals than anyhefdther questionnaires completed

by participants.

The main purpose of this study was to obtain valence and aroatsngs for a large subset of

the IAPS picture set, and mean ratings and standard ermrgjported in Appendix D for each



55
picture in the study. The ratings collected in this studyeveomparable to the standardised
ratings from other studies (Lang et al., 1999b, comparisgere not systematically conducted).
Picture selection criteria in subsequent studies will becdbed in detail, as well as including

mean valence and arousal ratings from this study for eadmegbicture categories used.

Ratings of valence and arousal were not collected in theviatlg studies on emotional modi-
fication of startle. Thé& ratios obtained for comparisons between Emotional Categor this
study suggest that it is unlikely that subsequent testsavstubw null rating differences between
negative, neutral, and positive categories, when corsidecross the entire sample. Following
on from this, the only situation in which picture ratings &ach participant may be useful is in
analysis where physiological responses to the pictureecsiare organised according to that
person’s rating for each picture (e.g., so that only respsifar pictures rated as both unpleas-
ant and arousing are included in the negative category &éodé#ta analysis). While this could
provide some useful information, such a manipulation weoaftesent a major shift away from

the data analysis procedures commonly used in the startiéicadion literature.
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Study 2

The Fear System

LeDoux (1998) describes fear as a system for detecting apdneling to danger so as to “max-
imize the probability of surviving a dangerous situatiorthe most beneficial way” (LeDoux,
1998, p. 128). The threshold for activation in this systemmusth be relatively low, given that
the evolutionary disadvantage of falsely identifying a +tbreatening situation as dangerous is
much smaller than the disadvantage associated with faldehtifying a threatening situation
as safe Qhman, 1993). BotlOhman (1993) and LeDoux (1998) posit that this system should

be capable of being activated very rapidly and on the basmisimal stimulus information.

LeDoux (see reviews in LeDoux, 1995, 1998, 2000) has idedtifie amygdala and associated
subcortical structures as vital components of the feaegysespecially regarding the fast detec-
tion of threat. The central nucleus of the amygdala provadgput to various areas responsible
for the physiological and behavioural response componeffsar (Lang, Davis, &hman,
2000). The lateral nucleus of the amygdala receives input frarious sensory areas, including
the auditory thalamus and auditory cortex (LeDoux, 2000)el as from visual areas of the
thalamus (the lateral posterior and lateral geniculatéemywia the perirhinal cortex (Davis,
Walker, & Lee, 1999), and from the superior colliculus, d®stsubcortical stage of visual pro-
cessing (MorrisOhman, & Dolan, 1999). It should be noted that the auditoojgmtions to the

amygdala have been researched more thoroughly than the pisjections.

The lateral nucleus of the amygdala is connected to theaemicleus of the same structure
(LeDoux, 2000), and sensory inputs received by the latarelenus are thus capable of modi-
fying outputs to the various response system componentsiagsd with fear. The subcortical

pathway from the auditory thalamus to the amygdala is sefiicior auditory fear condition-
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ing in the rat: Lesions of auditory cortex do not interferghagither learning or expression of
conditioned fear (LeDoux, 1995). This subcortical pathwathe amygdala is shorter than the
pathway that passes through sensory cortex, but is not leapabne discrimination between
similar stimuli — this is a “quick-and-dirty” pathway (LeDa, 1995, p. 223), a candidate for
the fast, low-threshold threat detection mechanism hygsisied byOhman (1993).

Evidence is mounting that this subcortical path is sufficikem activation of the amygdala
by visually threatening stimuli in humans. Amygdala adiiva during viewing of fear face
photographs, but not happy face photographs, has beenveldder stimuli presented in the
blind field of a patient with major lesions to their primarysual cortex (Morris, DeGelder,
Weiskrantz, & Dolan, 2001). This activation occurred withoonscious awareness of the stim-

uli.

Amygdala activation in the absence of conscious awareriéssatening stimuli has also been
observed. Masked fear stimuli (previously conditioned fieee photographs presented for
30 ms, followed by a photograph of a neutral face for 45 mskvesssociated with significant
coactivation of the pulvinar, superior colliculus, anditigmygdala, in the absence of conscious

recognition of the fear photograph (Morris et al., 1999).

Another study has shown that unattended fear stimuli cauaaetthe amygdala to the same
extent as attended fear stimuli (Vuilleumier, Armony, @ryv& Dolan, 2001). Participants

were asked to fixate a central point of a display, with eacplaysconsisting of a pair of pho-

tographs of houses and a pair of photographs of faces, witardearful or neutral expressions.
The display was organised so that the photographs for eatlr@itype were presented on the
same axis (e.g., houses both above and below the centraj famies to the left and right of it).

Attention was manipulated by asking participants to juddeetiver pictures on one axis (sig-
nalled before each trial) were identical or different. Wiiearful faces were presented in the
unattended position, amygdala activation was equivatettidt for fearful faces in the attended
position. No such activation was observed for neutral faegker attended or unattended. A

separate group of participants (not included in the imagiogly) performed at chance when
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asked to guess the gender or valence (fearful or neutralpattended facial stimuli (Vuilleu-
mier et al., 2001). These experiments provide evidencefmti®nal processing of fear-stimuli
by subcortical structures in the absence of conscious aaseand even without visual cortical

processing in Morris et al. (2001).

Once sensory information has reached the amygdala, outputsthe central nucleus project
to various targets on the brainstem, including the nucletisularis pontis caudalis, an area
that is essential for the expression of the startle reflewi®aet al., 1999). Fear potentiation
of startle can be prevented by lesions to areas that proeialgosy input to the amygdala (e.g.,
the auditory thalamus), the lateral or central nuclei of dheygdala itself, or the projections
from the central nucleus to the nucleus reticularis pordisdalis (Davis et al., 1999). These
lesions eliminate the modulation of startle in the rat by adittoned stimulus, but do not
prevent expression of the startle reflex itself. A patienthvd localised lesion confined to
right hemisphere amygdalar nuclei (including the lateral eentral nuclei) has been reported
to show no startle potentiation during aversive picturmsti, compared to neutral, while the
startle reflex itself was still present (although the ovdeadel of startle blink magnitude in this

patient was reduced relative to control participants; Ahet al., 1996).

To summarise:

1. The amygdala is involved with processing of fear releginuli.

2. Activation of the amygdala by fear-relevant stimuli cartar in the absence of conscious
recognition (Morris et al., 1999; Vuilleumier et al., 200dr)even cortical processing of these

stimuli (Morris et al., 2001).

3. The subcortical pathway(s) that transmit sensory in&tiom to the amygdala are much

shorter than pathways that arrive at the amygdala via sgiesoiex.

4. The amygdala is then responsible for outputs to areasastamg various components of fear

responding, including the startle reflex.
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The evidence presented above suggests that subcortibalge can allow fast or unconscious
processing of threatening stimuli that will potentiate stertle reflex, in situations where corti-

cal inputs have not provided input to the amygdala.

A number of experiments have looked at startle modificatmmstartle reflexes elicited very
shortly after picture onset (i.e., less than 500 ms), in resttto the more typical paradigm
where the latency between picture onset and probe onsehngeiddhan two seconds. These

studies are considered in the following section.

Experimental Precedents for Early Startle Modification

This study arises from an apparent contradiction withingkperimental literature regarding
the relationship between phobia and the startle reflex, wgletie is elicited very shortly after
picture onset. The original report of emotional modulatofrihe startle reflex (Vrana et al.,
1988) found that when startle responses were divided irdogg on the basis of delay between
picture onset and startle probe presentation (at eitherZ8ID or 4500 ms), only responses at
the two longer latencies showed significant emotional mattuh of blink magnitude. Startle
reflexes elicited 500 ms after picture onset did not diffemieen the three emotional valence
picture groups. A more extensive study by Bradley, Cuthlaerd Lang (1993) included startle
probe presentations at 300, 800, 1300, and 3800 ms aftergimhset: Only the two later probe
times produced the predicted pattern of startle moduldtien augmentation for negative and
inhibition for positive, relative to neutral, pictures). h&h startle was elicited at a latency of
300 ms, both positive and negative pictures showed intiliii@k magnitude relative to startle
during neutral pictures at this time. This result was intetgd as being indicative of a period
of “processing protection” (Bradley, Cuthbert, & Lang, B99with the initial processing of
interesting foreground stimuli being protected from ex#&tinterference (Graham, 1992) — in
this case the startle probe stimulus. Subsequent rese&tcham-psychopathic prison inmates
has also shown inhibited startle for both positive and rieggtictures, relative to neutral, at a

300 ms probe time (Levenston et al., 2000).
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Codispoti et al. (2001) partially replicated this resulithdblink magnitude for probes at 300 ms
inhibited for positive compared to neutral and negatived@oound stimuli. Blink responses
during negative and neutral stimuli at this latency weredifférentiated from each other. The

theoretical implications of this result are discussed iatarlsection.

Several other experiments are relevant to the processotgqgtion hypothesis of early-stage
startle modulation. It has been reported that by manimgatie amount of attention directed to
emotional pictures, differential startle modification parsitive and negative images can become
apparent as early as 250 ms after picture onset (Vanman nisglDawson, & Schell, 1996,
Experiment 2). To achieve this result, participants wes#rutted to attend to the presentation
duration of either positive or negative slides during thpesknent (counterbalanced across
participants), and decide on each of the attended slidethehi¢é had been presented for longer
than usual (7 seconds as opposed to 5). This manipulationmieasled to make participants
pay close attention to each picture’s emotional conteninkBlesponses to an acoustic probe
at 250 ms after picture onset were significantly larger fgatiwe compared to positive slides,

regardless of the valence to which the participant wasuntd to attend.

This finding is tempered by methodological consideratidinstly, another experiment reported
in the same paper (Vanman et al., 1996, Experiment 1) fadethow differential modification
of startle at a 250 ms delay. The attentional manipulatistrirctions for participants in that
study were to attend to or ignore a slide’s duration basedhenpitch of a tone preceding
picture onset by several seconds, with equal numbers ofiywsind negative slides assigned
to the attend and ignore categories. The authors suggéstethe different patterns of results
obtained in the two experiments came about because “instgyzarticipants to make a decision
about whether to attend or ignore a stimulus by noting ittagdonal] valence ... may speed
up the emotional processing of the stimulus” (Vanman et1#896, p. 695). However, in
the second experiment (described above) participants Ilsageeviewed each picture for five
seconds in a session prior to the presentations on whicthestaas elicited — a factor which
the authors concede could allow faster identification ofgiséures’ emotional content on the

second viewing, thus engaging startle modulation circaiten early stage (Vanman et al.,
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1996). This confound could be avoided by using the atteatiorstructions of Experiment 2
in the absence of picture previewing, perhaps with sampitupas to explain the difference

between positive and negative stimuli. This situation resito be tested.

A second caveat to the conclusions drawn is that both the ®arghal. (1996) experiments
utilised only positive and negative picture contents. Theeaice of emotionally neutral slides
means it is not possible to decide whether the observedaelifte in blink magnitude between
the two picture categories is due to startle inhibition dgrpositive slides, augmentation dur-
ing negative slides, or a combination of both processessuned relative to neutral picture
responses. It is of further interest whether startle dubath positive and negative slides at
250 ms would be inhibited relative to startle during neupiatures, as would be suggested by
Bradley, Cuthbert, and Lang (1993), or whether the inclusibneutral slides would lead to a
linear effect of valence at this short delay when attentiteaels are manipulated. The inclu-
sion of neutral pictures should act to test the effect of éonad-content free picture processing
on the startle reflex, so that differences in responding éetwpicture contents can be ascribed

to the emotional information represented therein.

The effects of manipulating attention on emotional modafaof startle at early stages of pic-
ture viewing have been replicated and extended (Vanmansbaw& Brennan, 1998) using the
same methodology as Experiment 2 of Vanman et al. (1996)aksodlividing participants into
several groups for analysis on the basis of questionnastétee An earlier probe condition was
added at 120 ms following picture onset, and participants sdored above the sample’s me-
dian on the BDI (Beck, 1967) showed a trend toward diffeedrgiartle modification between
positive and negative slide contents at this delay. Of ayule same caveats regarding picture

preview and absence of a neutral category, discussed adquplg, to this experiment as well.

Bradley, Cuthbert, and Lang (1993) interpreted their tssas evidence of prepulse inhibition
(PPI). Briefly, PPl is a phenomenon that occurs when thetalion of startle follows pre-
sentation of another (non-startling) stimulus, wherebgkoimagnitude is inhibited relative to

trials where no prepulse precedes the eliciting stimuldar(@nthal, 1999). The degree of



62

PPI depends upon a variety of factors, including the deldéywden the prepulse and the probe.
The onset of an emotional picture stimulus has been sugh&stee a type of prepulse that
will inhibit the startle reflex, as indicated by reduced klnresponse magnitudes at early (e.g.,
300 ms) relative to late probe times (on average over ematiategories; Bradley, Cuthbert,
& Lang, 1993; Codispoti et al., 2001; Levenston et al., 200)e experiment described be-
low (Globisch, Hamm, Esteves, hman, 1999) suggests that the startle inhibition observed
for negative contents at 300 ms may be more complicated tteaRPI interpretation suggests.
Furthermore, at probe times late in the picture viewingqaracoustic prepulse presentation
does not change affective modification of startle, so thahdhough the difference between
prepulse/no-prepulse conditions is significant (inhdsitof blink magnitude for the prepulse
condition) the differences between emotional categorigsmthese two conditions is still ap-
parent (Hawk & Cook, 2000). Thus it appears that the earl{epatof modification observed

may be dependent on attentional processes other than PPI.

The results of the studies using a three picture-contemtdigm (Bradley, Cuthbert, & Lang,
1993, Codispoti et al., 2001; Levenston et al., 2000) arerigouent with those of an indepen-
dent study (Globisch et al., 1999) looking at the time cowfs&artle responding in individuals
showing a high degree of small animal fear. The experimetaip consisted of individuals
who had scored above the 85th percentile on either the SNAPQr questionnaire (Klorman
et al., 1974), with a control condition made up of individkalho scored below the 50th per-
centile for at least one of these measures. A startle paresigilar to that of Bradley, Cuthbert,
and Lang (1993) was used, with the negative picture categmrgisting of animal stimuli spe-
cific to the individual’s fear group (i.e., either snakespiders; control group participants were
allocated to viewing one of these animal categories). IBtads elicited at several picture onset
to probe onset latencies (120, 300, 800, 1300, and 3800 mgjlfthree picture conditions;
responses to the earliest probe condition (120 ms) werenadyged due to participant blinking
in response to picture onset (this is discussed in the inttah and discussion of Study 5).
Predictably, the low-fear control participants did notwhmotentiation of startle blink magni-
tude for the non-feared snake or spider stimuli, at any ofptiede times. The animal fearful

participants showed reliable blink potentiation for tHeisred stimuli relative to neutral across
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all probe times, including the 300 ms condition for which @ey, Cuthbert, and Lang (1993)
and Levenston et al. (2000) found startle inhibition dumegative foreground material. These
results were obtained using a standard 6 second picturereg®n. This pattern of augmenta-
tion at the 300 ms probe time still held for the animal feapaiiticipants even when the picture
viewing period was limited to 150 ms (picture presentatieriqxd was a between-subjects ma-
nipulation; Globisch et al., 1999). The authors concludedh® basis of these data that “fear
responses can be activated very rapidly and with minim@ldtis input” (Globisch et al., 1999,

p. 73;0hman, 1993).

Competing Theories Explaining Early Emotional ModulatafrStartle

The results of these three studies support two theoriesyetwsssarily mutually exclusive, re-
garding emotional modulation of startle at short picturgtobe onset latencies. Globisch
et al. (1999) interpreted their findings in purely affectigems: Threatening stimuli in the en-
vironment can be at least partially processed and madeadl@ito some response systems

(parsimoniously, defensive reflexes) at very short lagsci

The attentional explanation of Bradley, Cuthbert, and LEr893), regarding the observed inhi-
bition of startle for negative material at an early probegjmvas revised following the findings
of both Globisch et al. (1999) and their own further investigns (Codispoti et al., 2001) to
include both attentional and emotional factors. This lievigosits that augmented startle blink
responses to negative material “reflect a net effect of ditary process (due to aversive-
ness) and an inhibitory process (due to attention)” (Bradled Lang, 2001, cited in Codispoti
et al., 2001, p. 477). According to this logic, at the earBgsts of picture processing, when
attentional demands are presumably high, only highly awersctures should produce startle
potentiation, explaining the results obtained from higlelgrful participants in Globisch et al.
(1999). Furthermore, highly aversive pictures should qEabke of eliciting potentiated star-
tle in non-phobic individuals at an early probe time. Hightgant fearfulness is not vital,
but the foreground intensity threshold for early startléeptiation is lower in these partici-

pants (i.e., aversive pictures for control participantstaghly aversive for phobic or high-fear



64

participants).

The results of the studies explicitly manipulating attensil demands to picture viewing (Van-
man et al., 1996, 1998) have been taken as evidence of fasterepcontent processing when
a participant is instructed to specifically attend to the #omal valence of the picture. This
evidence could be interpreted as consistent with the firsdamgl predictions of Globisch et al.
(1999), although as noted it is unknown whether responsasdative pictures would be aug-
mented relative to neutral pictures in the attentionallynipalated paradigm. Although in-

consistent with other findings (Bradley, Cuthbert, & Lan§93; Levenston et al., 2000), this
would be in line with the results of Codispoti et al. (2001hawfound that startle blinks elicited

at 300 ms were greater during negative than positive pisfaléhough this difference was not
significant. Taking into account the concerns raised by tlieas (Vanman et al., 1996) and
those raised in the previous section, the evidence is ingsine as to whether attending to the
emotional valence of a picture influences the pattern ofyeaddification of startle, or if the

observed difference is due to reduced processing times pib&mes are previewed.

The hypotheses suggested by Bradley and Lang (2001, cit€bdspoti et al.,, 2001) and
Globisch et al. (1999) are not necessarily incompatiblewéier, the Bradley group has yet
to explain why negative valence pictures, which had prodwomsistently inhibited startle re-
sponses relative to neutral pictures (e.g., Bradley, Garthi& Lang, 1993; Bradley & Lang,
2001, cited in Codispoti et al., 2001; Levenston et al., 30tHled to produce inhibition rel-
ative to neutral pictures in the most recent experiment {€pudi et al., 2001). A look at the

methodologies of these studies is informative.

Both the Bradley, Cuthbert, and Lang (1993) and Codispadi.ef2001) studies used exactly
the same picture sets; the same negative picture sets veereisgd (with the addition of six
pictures) in the two attention based studies (Vanman etl@b6, 1998). This rules out the
possibility that different emotional stimuli could havecaanted for the observed startle mod-
ulation patterns. As Levenston et al. (2000) obtained|starhibition for negative pictures at

their early probe time with a distinct set of pictures, itresehat the selected pictures (within
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the general negative category) are not responsible fodifiesence. The only major difference
between the two studies under consideration is that in tHeeeatudy (Bradley, Cuthbert, &
Lang, 1993), pictures were displayed for 6 seconds, whieldkter study (Codispoti et al.,
2001) used shorter, 500 ms presentations. As reflexive bdisfronses should reach their peak
magnitude within 150 ms of acoustic startle probe presemtgBalaban, Losito, Simons, &
Graham, 1986, cited in Berg & Balaban, 1999), blink respsredieited at 300 ms will have
occurred within a 500 ms picture presentation period, angicare offset in itself could not
influence startle blink modulation at 300 ms. It is suggebte@odispoti et al. (2001), however,
that shorter picture presentation times may lead to fastergssing of their emotional content.
Briefly, a shorter stimulus presentation period may causevibwer to “speed up” their pro-
cessing of the emotional information, a possibility thaddd not be ruled out at the moment.
Presently, there are no solid empirical grounds for expigithe differences in results between

Bradley, Cuthbert, and Lang (1993; also, Levenston et @002and Codispoti et al. (2001).

Summary and Description of Experimental Design

So far there are four major studies showing some degree lgf(@at, before 500 ms) augmen-
tation of startle during picture viewing (Globisch et al99B; Codispoti et al., 2001; Vanman
et al., 1996, 1998). The two directed-attention studie$ mat be considered further here on
the basis that picture previewing before commencementeftartle probe experiment con-
founds their results. The reason for differences betweendbults of Codispoti et al. (2001)
and the results from nearly identical experiments that didfind early startle modulation for

negative pictures (Bradley, Cuthbert, & Lang, 1993; Bradid_ang, 2001, cited in Codispoti

etal., 2001; Levenston et al., 2000) is not yet apparenthbtitlogical differences between the
remaining study showing early potentiation of startle dgmegative pictures (Globisch et al.,

1999) and the other studies may explain the discrepanttisesul

Firstly, members of the experimental group in the Globisthale(1999) study all had pre-
existing high levels of fear toward small animals. Secontlig negative picture set in this

experiment consisted solely of images of the participdatsed animal; the other experiments
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cited in this section utilised negative picture sets thpidslly consisted of an equal mixture of
threatening and mutilation content pictures. An extensidhis second difference, of particular
interest to an evolutionary model of fear, is that the theeatg pictures used by Globisch et al.
(1999) were all feared animals, whereas threatening @sturcluded in other studies (e.qg.,
Bradley, Cuthbert, & Lang, 1993) are usually a combinatibtheeatening animals and guns

aimed at the viewer.

On the basis of these observed methodological differetice$ollowing potential explanations
for the different results should be considered, with theanstinding that in this discussion
‘process’ implies picture processing to the point wheredhmotional valence of a stimulus is

made available to startle modulatory circuits.

1. The highly-feared nature of the stimuli used in Globisthle(1999) activated the aversive
system to the point where activity surpassed the level ehétinal inhibition in startle modu-

lating brain circuits, leading to an overall potentiatidritze startle reflex.

2. The high-fear group of participants in that study weresabl process negative or fearful
stimuli (whether specific to their animal-feared stimulinmt) more quickly than low-fear par-

ticipants. This suggests that these participants are hyp#gant for threatening stimuli.

3. A highly-feared stimulus can be processed more quickdy thther negative stimuli — an
effect not limited to high-fear or phobic individuals, buitpntially limited to certain types of

stimuli (e.g., dangerous animals).

The predictions from the first explanation (Bradley & Lan@02, cited in Codispoti et al.,
2001) can be tested by looking at the results of several arpats. A corollary of the two-
process (emotion and attentional) theory of startle mdauias that, if negative stimulus aug-
mentation of startle is due to highly-aversive stimuli e&ting the aversive modulation system
to a degree that is greater than attentional inhibitiom ttdater stages in picture viewing, when
attentional demands have presumably been reduced, higaigiee stimuli should produce a

greater degree of startle modulation compared to lessiggessmuli, which should produce
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less activation of the aversive startle modulation circAgsuming that the difference in early
(300 ms) modulation of startle between Bradley, Cuthbed,lzang (1993) and Codispoti et al.
(2001) was due to the pictures being more aversive in therlatudy, we would predict that
startle at later probe times (i.e. at least 2 seconds fatigwpicture onset) would be potenti-
ated to a greater degree in the latter study than the formeth®basis of relative differences
between startle blinks elicited during negative and paspictures at late stages of processing
in these two studies (3.8 and 2.8 seconds, respectivelg)ws not the case — the difference
between the two valence categories is roughly the samenffalkio account gross differences
in startle blink magnitude) in both experiments (these plaens were based on estimations
performed on Figures 1 of each experiment, using a ruleis)pibssible that early picture offset
in Codispoti et al. (2001) ameliorated the attentional detsaon picture viewing, nullifying

the process suggested above.

Alternatively, startle potentiation during negative fgreunds could be attaining a ceiling level
of responding after several seconds of viewing so that ieduattentional demands does not
influence the level of startle. Given that neutral pictureswsd engender no emotional pro-
cessing, startle responses elicited after offset of thesaerps should be of greater magnitude
than those during the presentation period, as there wilbbmaodification by either emotion (in
either direction) or attention (which would inhibit the pesmise). This would explain the lack of
potentiation for negative pictures at probe times follagvpicture offset: responses following
neutral picture presentation are hypothetically confeeg; and not inhibited by attentional fac-
tors as they are when elicited during viewing of same pictuide best test of this would be to
compare startle responses elicited 2 seconds after piohset between a condition where the
picture is still present and another condition where petffset occurred before probe presen-
tation. This explanation still does not cover startle madiiion at the 300 ms probe time, this

being prior to picture offset.

The validity of the second and third hypotheses can not keraéted on the basis of data from
previously conducted studies, and so the following expeniwas designed to test the hypothe-

ses in the following manner. Participants viewed a seriggabdfires divided into four emotional
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categories — positive, neutral, and two negative categoc@mposed exclusively of fear-type
stimuli: an animal threat category, which included pictuoéattacking or threatening animals;
and a human threat category, which consisted solely of igstof more modern threatening sit-
uations, such as guns pointed at the screen. Startle prarespresented on six of the twenty
picture presentations per category. The participants weranselected sample of university
students, thus allowing testing of whether early startlelofation during threatening images is
specific to individuals with phobia, or occurs through thérerpopulation. The two separate
negative picture categories will test whether early startbdulation is specific to threatening
images that have been present during the course of humaurtiendrepresented by the animals
category) or is common to all threatening images. To testhdrehe startle reflex is modified
differently at early and late stages of picture viewing, gneup of participants received startle
probes primarily at 300 ms and a second group primarily vecestartle probes between 3 and
5 seconds after picture onset. These groups are referresl tteedEarly” and “Late” probe
time groups throughout this and subsequent sections. TdteePime factor was tested as a
between-subjects variable in order to maximise the numbgpictures for each category from
which startle data were collected, while keeping the totethber of startle instances for each

participant relatively low.
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Method

Participants

The experiment was completed by 83 participants (41 mal&e®ale), ranging in age from 17
to 44 years old (median age = 19 years). Of these individBalsyere recruited from a student
job placement centre, and paid NZ$10 for taking part, whike iemaining participants were

first-year psychology students who received course crééit participating in the experiment.

A further five participants did not complete the experimeertause of either failure of the stim-
ulus presentation or response recording computer4), or declining to continue participation
in the experimentr(= 1). Due to experimenter error in the programming of picfuesentation

orders, data from some female participants were excluded4) because they had viewed a
mixed combination of picture blocks from two experimentahditions. Data from these nine

participants were excluded from all analyses.

Startle Probe Presentation

The startle probe consisted of a 95 dB (A), 50-ms burst ofdbb@end white noise, with a near in-
stantaneous rise-fall time. The probe stimulus was pratlbgea Pentium-IIl IBM-compatible
computer and amplified by Jazz speakers (model JS-300)ebe¢ing presented binaurally to
the participant through Gamma stereo headphones (model7BiH Background noise in the
headphones, due to the amplification procedure, was cdriieng picture presentation at 48
dB (A). Calibration of the probe stimulus intensity was penied with a Digital Sound Level
Meter (model 8928) placed at the approximate position ofriggaant’s ear in relation to the
headphone. The volume of the probe stimulus was perioglioathecked during the course of

running the experiments.
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Table 7: Mean Valence and Arousal Ratings for Pictures Us&tudy 2.

Dimension Positive Neutral Animal Threat Human Threat
Valence 7.53 5.34 3.46 3.17
Arousal 3.69 1.87 5.19 5.08

Picture Stimuli

Selection of the picture stimuli used in this study was orbé&s of valence and arousal ratings,
the collection of which was described in Study 1; see Tabler Tfe mean emotional valence
and arousal scores for each picture category. A completefltee pictures used in the current
study is presented in Appendix E. The following is a recdpttan of the composition of the
picture categories in the current study. The 60 picturesl disento three main categories,
negative, neutral and positive, each comprising 20 pistufée negative category was further

split into two subcategories, animal threat and human thpietures.

The pictures for the two threat categories were chosen bauitier on the basis of typicality as
(a) threatening animals € 8) and (b) threatening situations of modern origir=(8), to make
up the animal and human threat categories respectivelyrérhaining pictures included in the
negative categoryn(= 4) were more typical of disgust-eliciting situations;$kevere included
to expand the negative set to the same size as the other ErmloGategories, and so startle

probes were never presented on these pictures.

Neutral and positive stimuli were chosen largely on thesasihaving been included in past
studies of emotional startle modification, as listed in €blof the IAPS instruction manual
(Lang et al., 1999b). Some pictures of nudes in the positategory differed for male and

female participants (as noted in Appendix E).

The Pentium-Ill computer controlled presentation of boittyre and startle probe stimuli
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through a custom designed programme (Jones, 2000b). Theqsovere displayed on a 40
cm monitor, with 60 Hz refresh rate, situated 1.2 m away fromgarticipant’s seat. Pictures

were presented for 6 seconds each, with a random intertte@ahal of between 15 to 21 seconds.

Experimental Design

Probe Time was a between-subjects factor in this experim@tit one group of participants
contributing data to the early Probe Time condition, andcasé group contributing to the late
Probe Time condition. Early startle probes were presen@dn3s after picture onset, while
late probes occurred at random between 3 and 5 seconds afiereponset. There were 6
startle probes presented for each Emotional Category aetleeted Probe Time; participants
also received 6 startle probes during both neutral and ategsctures at the time for the other
experimental condition (i.e., at the late stage for earlyberTime condition participants, and
at the early stage for late Probe Time condition participanThese probes were included to
reduce the predictability of startle probe presentatiod,\aere not used for data analysis or the
standardisation procedures employed for the blink magaiand SCR magnitude dependent

variables (these procedures are described below).

Startle probes were also presented during two intertrigruals (ITl) within each block of
pictures, making a total of ten ITI startle responses fohgzarticipant. Responses to probes

during the ITI are referred to as ITI startle instances.

There were also two separate Picture Combinations, so #intitipants received startle probes
during different combinations of pictures within each Emoal Category. Furthermore, the
five blocks of pictures in each Picture Combination were gmésd either in normal or reverse
order. The Picture Combination manipulation was includetest whether results would be
similar across many pictures typical to an Emotional Catggehile the order of presentation
was varied between participants to counteract the courstadfe habituation over time. Par-
ticipants were assigned to these Picture Combination ahet gonditions in a counterbalanced

manner. Picture Combination was included in the general ¥AIfor each dependent variable;
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block presentation order was not.

Physiological Recordings

EMG recordings of blink activity were taken from the panpiant’s orbicularis oculi muscle
below their left eye. The participants’ skin was cleanedchgs 70% w/w ethanol disposable
pad, followed by application of OmniPrep skin preparatiaste (D. O. Weaver) to the electrode
sites. The placement for the negative lead electrode wasvhible outer canthus of the left
eye, with the positive lead electrode placed slightly mledral inferior to the negative lead
electrode. The ground electrode was placed on the pamisfarehead, near the hairline.
Blue Sensor BRS-50-K disposable electrodes (Medicotesiniark) were used for differential
EMG recording. These electrodes have a 1.5 by 1.5 cm surfaee(dne entirety of which is
conductive), preventing placement with an interelectrdidéance of 1 cm, as recommended by
Fridlund and Cacioppo (1986), and so a slightly wider ineatode distance of approximately
2 cm (centre to centre) was consistently used in this studyatirsubsequent studies in this

thesis.

The raw EMG signal was passed through a MacLab Bio Amp (model32) connected to a
MacLab 8/S signal processor, both controlled by a Power Mash 8600 computer running
Chart, a specialised physiological recording programnierdaording software and MacLab
hardware designed by ADInstruments). The raw EMG signal fili@sed prior to recording

with a bandpass of 0.3 - 500 Hz, as well as a 50 Hz notch filteetworve noise from external

power sources. This filtered signal was then recorded atafét000 samples per second.

Skin conductance was recorded by attaching bright-platedpperation (i.e. no conductive
paste required) electrodes (ADInstruments) to the medhalgmges of the participant’s index
and ring fingers on their left hand. The signal was passedgffira front-end skin conductance
amplifier (GSR Amp, ADInstruments) before connecting tokhecLab and Power Macintosh
in the same manner as the EMG signal. The skin conductanek(®€L) was calibrated to

zero for each participant prior to beginning the experimémecessary, the amplifier was reset
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to a zero SCL between blocks to prevent responses to thiegieobe drifting off the recordable

scale during testing. The skin conductance signal was dedaait 400 samples per second.

In addition to the two physiological signals, the stimulusgentation computer also produced
signals marking onset and offset of the picture stimulud,@rset of the startle probe stimulus.
These were recorded by the Chart software at a rate of 400sapgr second. All signals were
recorded for a 12 second period for each picture, from 2 skcpnor to picture onset until 4

seconds after picture offset.

Off-line Data Reduction

Data were edited for each picture on which the startle praskldeen presented, so that each
picture’s data began 150 ms prior to presentation of thelstarobe. The raw EMG signal
was passed through a digital high-pass filter (designed éatithor using Chart’s Smoothing
and Arithmetic functions), nominally set at 28 Hz, as recamded for optimal recording of
the acoustically elicited startle blink reflex (van Boxtelé, 1998). On completion of all the
studies in this thesis, an error was discovered in the catioul for this high-pass filter, so that
the raw EMG signal was filtered with a high-pass of 15 Hz rathan 28 Hz. This setting still
removed movement artefacts from the EMG record, and so tfaexkxe not recalculated using

the 28 Hz setting.

The filtered signal was then digitally rectified and smoothea 10 ms time constant, using
Chart's RMS (root-mean-square) off-line calculation ftioic. Figure 3 presents five examples
of the EMG trace for reflexive blinks, for startle probes iééid at a time of zero on the X-axis.
The left-hand column represents the unprocessed sigaaMith the minimal filters set during
the recording procedure mentioned in the previous secgttbe)middle column the high-pass
filtered signal at approximately 15 Hz, and the right-hantiom showing the rectified and

smoothed signal.
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Figure 3 Example blink EMG signals for raw, filtered, and rectifiedcies. Startle eliciting stimulus
presented at zero seconds. Each row consists of a singlerbbponse, and each blink was randomly
selected from a single participant.
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Scoring Blink Magnitude and Latency to Peak

Startle blink magnitude was calculated by taking the peaktpaf the smoothed orbicularis
oculi EMG response, occurring in a 20 to 150 ms time windovofwing startle probe onset, and
subtracting the mean EMG level for the 20 ms period prior tibpronset. If the calculated blink
magnitude was less than or equal to twice the standard daviaft the smoothed EMG signal
for the 20 ms prior to probe presentation, then blink magi@ttor that picture was coded as
zero, and blink latency for that picture noted as missing.ném-zero magnitude blinks, latency
was recorded as the time from startle probe onset to the gtlak EMG response, as designated
in the blink magnitude calculation. Both non-zero and zexsponses were included in the
analysis of blink magnitude, as this is the approach comyntaMen in papers on emotional
modification of startle. Furthermore this methodology hesrbrecommended as suitable when
startle is elicited with relatively intense probe stimslich as those used in this study (Berg &

Balaban, 1999).

Blink magnitude was standardised prior to analysis by fansng all blink magnitude data for
each participant into points on a z-distribution (Globistlal., 1999). This included responses
during emotional pictures at the participant’s Probe Tiaewell as responses for ITI probe
instances. This z-distribution was then converted intodistrbution with a mean of 50 and
standard deviation of 10. The two distributions are idexttibut use of the T-distribution ar-
guably facilitates comprehension of figures because allegWwill be positive, rather than some

being positive and some negative.

Scoring SCR Magnitude and Latency to Peak

The magnitude of SCRs to the startle probe were calculatadsimilar fashion to blink mag-
nitude, by taking the peak height of the skin conductancercen a 1 to 5 second period
following probe onset, and subtracting the mean skin cotashee level for the 20 ms period
preceding onset of the startle probe. Again, if the SCR mnadaifor a trial was less than or

equal to twice the standard deviation of this 20 ms pretegiqal, then SCR magnitude for that
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trial was coded as zero and latency was noted as missingidyateas again calculated for non-
zero responses by measuring the time between probe onstteapelak in skin conductance as

identified in the SCR magnitude calculation.

To reduce the effects of responsiveness differences inkiductance, raw SCR magnitude
scores were converted to proportions of the range of SCR iuags exhibited by an individ-
ual across startle probed pictures at the participant'dd’>fiome and all ITI probe instances.
Each raw SCR magnitude datum was thus divided by the indaVglSCR range (equal to the
maximal SCR shown minus the minimal SCR shown), yieldingagprtion for each data point

(Lykken & Venables, 1971).

For both blink responses and SCRs, peak height (in the apatepime window), mean level

and standard deviation of activity in the 20 ms period befabe onset, and latency to ob-
served peak were calculated automatically by the Chanvaoét Calculations of the magnitude
of responses, and whether this magnitude fell within 2 steshdeviations of pre-startle-probe

activity, were performed in Microsoft Excel using set forliami

Procedure

On arrival at the laboratory, the experimenter describegtiysiological recording techniques,
picture presentation procedure, and startle probe prbtodbe participant. After consenting
to the study, the participant was asked to wash and dry tlagid$1to ensure skin conductance
could be recorded accurately. Following attachment of thESEand skin conductance elec-
trodes, the experimenter switched off the lights and théigipant received a series of three
startle probes, separated by approximately 12 secondsidine absence of any picture stimuli,
to allow habituation of the initially large responses topinebe stimulus. Recording scales were
adjusted during this phase to ensure that no responses excaed the recordable range. The
experimental picture sets then began, with a short breakdaet sets. Once the participant had
completed all five sets, the electrodes were detached anmhttieipant filled in the SNAQ and

FSS-II-R questionnaires. Finally, the participant wasradbd on the experimental hypotheses
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and thanked for their assistance.

Data Analysis

Firstly, data were excluded from participants who showesdfiicient responding to the startle
probe. For the blink response variables, participants mitine than eight instances of raw re-
sponse magnitude below 14/ were excluded from data analysis; visual inspection corda
that these eight instances had no blink response for altpaahts to whom this applied. Like-
wise, data were excluded on the SCR analyses if a partici@htnore than 8 untransformed

SCRs with zero magnitude (i.e., more than a quarter of stprtibes failing to elicit any SCR).

Initial analyses of the four physiological dependent Jaga were performed using ANOVAs
that included Gender, Picture Combination, and Probe Terigetween-subject variables, and
Emotional Category as a repeated-measures variable. Asidy &, Greenhouse-Geisser cor-
rections were applied tB-statistics involving Emotional Category to protect agawiolations

of the sphericity assumption (Jennings et al., 1987). Tis#l@p(e) value by which degrees
of freedom are multiplied in this correction is reportedhat first point in each analysis when
statistics including Emotional Category are reportedytidae remains the same for interactions
involving Emotional Category and between-subject vagabDegrees of freedom reported in
the text are uncorrected, while probability levels repditethese ANOVAs have been calcu-
lated from the corrected degrees of freedom. The epsilomevigr an interaction involving
Emotional Category and a between-subjects variable renmthe same as for the Emotional
Category main effect, and is hence not reported if the mdecegpsilon value has already

been stated in the analysis for that variable.

Planned contrasts were performed between the levels ofignabCategory, at both early and
late Probe Times, in line with the hypotheses of the experimkeinear and quadratic trends
were performed in the following manner, for both early ant IBrobe Time data. A linear

contrast was performed across human threat, neutral, atilleaontents, comparing the threat

and positive categories. A similar linear effect was alseased for animal threat, neutral, and
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positive content responses. As these contrasts do nottesl Anearity across the three content
types (because neutral responses are simply ignored indtieljna second contrast is needed to
ascertain the position of neutral responses relative taipeand threat responses. A quadratic
trend across threat, neutral, and positive content reggsocmmpares the average of threat and
positive responses to neutral responses. A significantrgtia@ffect indicates that positive and
threat responses, on average, differ from neutral resgohs@ contrast with only three levels,
as is the case for all contrasts in these analyses, a signifjcadratic effect indicates that the
level of neutral responses does not fall between the levekhfeat and positive. Thus, to truly
assess linearity for blink magnitude across positive, naéuand negative contents — which
should be increasing with foreground unpleasantness —Ilimathr and quadratic effects need

to be performed, and the results can be interpreted as dedarn the following paragraph.

A significant linear trend indicates that one end level (ppasior negative) is greater than the
other, while a non-significant quadratic trend indicatest the response for neutral falls be-
tween those for the two end levels. These two observed sffectild describe a linear trend
across the three categories. In the absence of a signifioeatr leffect, a significant quadratic
effect indicates that threat and positive responses, wherbmed, are different from neutral
responses. Significant linear quadratic effects indicateralinear pattern where positive and
threat responses still differ from each other. This can nea&of two things: Firstly, a quadratic
effect (i.e., both threat and positive responses are diftesirom neutral) where the threat and
positive responses are also significantly different frone another. For example, threat re-
sponses could be greater than both neutral and positiveniesp, while positive responses are
also higher than for neutral. A second possibility is thapanses for one of the two affective
conditions in the significant linear effect (either threapositive) are at a different level from
both the other affective condition (giving the significamelar effect) and neutral responses,
while the other affective condition does not differ from trali For example, threat content re-
sponses can be potentiated relative to neutral and po&ityeificant linear effect), yet positive
content responses are not different from neutral: If the mosite positive and threat response

level still differs from neutral here, a significant quadraiffect is observed.
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The above discussion should make clear that linear and gti@a@ffects do not individually
test for linearity and quadraticity in a contrast with thteeels. The “quadratic” contrast does,
however, test for deviation from linearity, thus making ttwenbination of linear and quadratic
comparisons both valid and reasonable for assessingilynaaross three levels of an indepen-

dent variable.

When any other interactions involving Emotional Categomeravsignificant, the analysis de-
composed the ANOVAs to test these interactions, and applathed contrasts across the levels

of Emotional Category where these were appropriate.

When other effects reached significance in the overall AN&\Wost-hoc testing was performed
using Tukey’s HSD test used to test differences betweerdefethe independent variables

concerned.

Analysis of Blink and SCR Magnitude by Questionnaire Score.

To assess whether fear levels influenced startle modificdtiather repeated measure ANOVAS
were conducted in which participants were split into low &igh fear groups on the basis of
median splits on the SNAQ and FSS questionnaires. As graeg siere highly uneven, it was
decided that responses would be tested separately for eabh Pime/Fear Group condition,
for both questionnaires. Planned contrasts (as per theopeanalyses) were performed on
Emotional Category within these single-factor ANOVAs. §Hecision avoids issues with error

term calculation for planned contrasts which are describége following paragraphs.

Firstly, the error term for planned contrasts within such @ei only includes error sums of
squares (SS) components from the emotional category conslithat are being compared. If
planned comparisons are performed using a model includehgden-subject factors, such as
Probe Time and Fear Group, then the error term SS for congpexrisetween levels of Emo-
tional Category in a specific group (e.g., Early Probe Tinogy ENAQ score) is calculated

with data for the tested Emotional Categories from all oftibveen-subjects groups (i.e., both
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Probe Times, both SNAQ score groups).

The degrees of freedom associated with the error term affey etween the two models. In
the model including between-subjects variables, the @ésgrefreedom for the error term would
be higher than for a comparison with a model including onlg gnoup from those between-

subject divisions.

These two concerns should not influence the results of pthomeparisons if standard error is
the same across the levels of the between-subjects fati®felt that the planned comparisons
within the single factor ANOVAs (as in this results sectiang both more conservative and also
more representative tests of the effects of interest themn@d comparisons within the omnibus

ANOVA containing all between-subject variables.
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Results

Physiological Variables

Table 8 presents descriptive statistics for the four pHggioal variables recorded in this study,
with data presented for each Emotional Category averagedsthe two Probe Times. For
the blink magnitude and SCR magnitude variables, both raltramsformed data are reported,;

only the transformed data were used in the following analyse

Table 8: Physiological Dependent Variable Means and Stdridaors, by Emotional Category of Pic-
ture, Averaged Across Probe Time.

Physiological measure Positive Neutral Animal Threat  Homhareat
Blink magnitude n=73
Raw (V) 56.06 55.95 59.45 63.30
(S.E.) (5.30) (5.37) (5.50) (5.87)
Standardised (T-score) 49.26 49.12 50.66 52.41
(S.E.) (.44) (.46) (.47) (.45)
Blink latency to peak (ms) 74.36 74.88 75.80 74.26
(S.E.) (.92) (.86) (.89) (.86)
SCR magnitude n=56
Raw uS) 2.40 2.18 2.32 2.59
(S.E) (.24) (.22) (.24) (.24)
Standardised (p of range) 41 .38 .39 46
(S.E.) (.02) (.02) (.02) (.02)
SCR latency to peak (ms) 4220.24 4154.87 4136.94 4143.90
(S.E) (108.24) (112.84) (106.66) (108.46)

Questionnaire Results

Mean scores and standard errors for the SNAQ and FSS quesities are presented in Table 9.

In separate ANOVASs incorporating Gender, Probe Time graul Picture Combination as
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Table 9: Descriptive Statistics for SNAQ and FSS QuestioreaBetween Gender.

Questionnaire Females Males All Median
n 40 40 80 80
SNAQ 9.15 6.05 7.6 7
(S.E.) (.7) (.51) (.46)
FSS 122.25 102 112.13 110
(S.E.) (4.24) (3.67) (3.01)

between-subject variables, main effects were found ford8ewn both the SNAQ and FSS
questionnairesss (1, 72) = 11.98 and 14.01, bgbs < .001, respectively. Female participants
had higher scores than males on both questionnaires, asceeh in Table 9. Questionnaire
scores did not differ on the basis of Picture CombinationrobB Time groupss (1, 72)< 1.8,

ps > .184. The median scores reported in Table 9 were used tgsplitipants into high and

low score groups for analyses of blink and SCR magnitude legtipnnaire score.

Blink Magnitude

The repeated measures ANOVA including all independentiées showed no effect or inter-
actions involving Gender, higheBt (1, 65) = 1.73,p = .193. The following model therefore

excluded this variable.

There was a significant main effect for Probe TirRg(1, 69) = 14.59p < .001. This factor
also interacted significantly with Picture Combinatién(1, 69) = 5.29,p = .025. Blink re-
sponses were generally larger at the late Probe Tivhe £1.08) than at the early Probe Time,
(M = 49.65). Post hoc testing of the interaction with PicturenBmation revealed that this
effect was significant for the first Picture Combinatipn; .001, but not for the second Picture

Combinationp = .719.

There was a main effect for Emotional Category on blink magla, F (3, 207) = 10.52,
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Figure 4 Mean standardised blink magnitude by Emotional Categdthe early and late Probe Times.
Error bars indicate one standard error. Dotted lines reptesppropriate mean level of ITI responses for
each Probe Time condition.

p < .001,e =.96. Emotional Category did not interact with any othetdes, Fs (3, 207)< 1.65,

ps > .18.

Figure 4 displays the data to which the following contrasfenr Contrast analysis at the early
Probe Time (left side of Figure 4) showed significantly geeatink magnitude for human threat
contents compared to positive contents, lifeét, 69) = 9.92p =.002. There was no quadratic
effect for human threat (1, 69) = 1.06p = .306. Neither the linear nor quadratic effect for
animal threat contents were significalRs (1, 69) = .85 and .0%s = .359 and .872.

At the late Probe Time (right side of Figure 4), human thrdatkls were again of greater
magnitude than positive blinks, line&r (1, 69) = 14.19,p < .001. Animal threat content
blinks were also potentiated relative to positive contehiteear F (1, 69) = 5.39,p = .023.
Significant quadratic effects were also obtained for botim&w and animal threat contrasts,
Fs (1, 69) =7.99 and 4.44s = .006 and .039, respectively. This indicated that blirdgpomse
magnitudes for neutral contents did not fall between theealfor threat and positive condi-

tions. Figure 4 clearly shows that blink responses duringraéand positive contents were not
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significantly different at the late Probe Time.

Blink Magnitude and SNAQ Score

Due to the very uneven group sizes mentioned in the methdbseANOVAS are performed

separately on each Probe Time by Score Group condition ofibr duestionnaires.

For early Probe Time participants scoring below the mediantlke SNAQ measure
(n = 23), the main effect of Emotional Category on blink magaéw@pproached significance,
F (3, 66) = 2.81p = .061,¢ =.783. Data for these participants are on the left of Figure 5
Planned contrasts showed significantly greater blink ntageifor human threat contents com-
pared to positive, linedf (1, 22) = 9.87p = .005. There was no quadratic effect for human
threat,F (1, 22) = .81p =.379. For the animal threat condition, neither the linearquadratic

contrasts approached significangs, (1, 22)< .76, ps > .393.

For high SNAQ scoring participants at this early Probe Time (13), whose data are on the
right hand side of Figure 5, there was no effect of EmotioraeGoryF (3, 36) =.96p = .409,
¢ =.78. No planned contrasts were significd,(1, 12)< 1.71,ps > .216.

Blink magnitude data by Emotional Category for the late Brdime participants are pre-
sented in Figure 6, divided by SNAQ score group. For the loaresparticipantsri{ = 15),
there was a significant effect for Emotional Category onkohmagnitude,F (3, 42) = 4.06,

p = .021, ¢ = .79. Linear contrasts were not significant for either of theeat condi-
tions, Fs (1, 14) = 1.45 and 1.14ps = .249 and .303, for human and animal threat re-
spectively. The quadratic contrasts for both human and aniireat were significant,

Fs (1, 14) = 6.46 and 6.7&s = .023 and .021. These results indicate that blink response
magnitudes were greater during the three affective cotypes than during neutral contents

for these participants, as can be seen on the left of Figure 6.

Finally, in the blink magnitude ANOVA for high SNAQ score piaipants at the late Probe
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Figure 5 Mean standardised blink magnitude by Emotional Categbithe early Probe Time, by
participant score on the SNAQ. Error bars indicate one staherror. Dotted lines represent appropriate
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Time (h = 21) the main effect for Emotional Category was significant(3, 60) = 4.91,
p = .006, ¢ = .86. The data for these participants are presented on ghé of Figure 6.
Human threat content blinks were significantly greater igniide than positive blinks, lin-
earF (1, 20) = 12.68,p = .002. The linear contrast for animal threat contents aggred
significance,F (1, 20) = 3.24,p = .087. Neither quadratic comparison was significant,

Fs (1, 20) =2.45 and .¢gs = .133 and .448

Blink Magnitude and FSS Score

For early Probe Time patrticipants scoring below the medrathe FSS1f = 16), there was an
effect for Emotional Category; (3, 45) = 3.54p = .028,¢ = .87. Contrast analysis showed
greater blink magnitude for human threat contents than éwitipe, as can be seen in Fig-
ure 7 (left hand side), linedf (1, 15) = 11.64p = .004. There was no quadratic effect for
human threat, nor was there a linear or quadratic effectrfonal threat contents in this group,
Fs (1, 15)< .47,ps > .503. These results indicated increasing blink magnituitke iwcreasing

foreground unpleasantness for human threat contents only.

For high FSS-score participants at the early Probe Tme Z0), there was no main effect for
Emotional Categony: (3, 57) = 1.03p = .373,¢ = .76. Data for this group are shown on the
right of Figure 7, where it is clearly shown that blink maaucié did not differ between the four

Emotional Categories, contrdss (1, 19)< 1.96,ps > .177.

At the late Probe Time (Figure 8), participants scoring Welloe median on the FS$ € 20)
showed a significant effect of Emotional Category on blinkgmtude, F (3, 57) = 3.57,
p = .024,¢ = .9. For human threat contrasts, the quadratic effect wgsfgiant while the
linear effect approached significandes (1, 19) = 4.45 and 3.7¢)s = .048 and .067. For
animal threat, the quadratic effect approached signifiednut the linear comparison did not,
Fs (1, 19) =4.19 and 2.15s = .055 and .162. Both quadratic effects indicate higherkbli

magnitude for the threat and positive conditions than fatira.
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Figure 7 Mean standardised blink magnitude by Emotional Categbithe early Probe Time, by
participant score on the FSS. Error bars indicate one stdreteor. Dotted lines represent appropriate

mean level of ITI responses for each score group.
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For the above-median FSS score participants {6), there was again a main effect for Emo-
tional CategoryF (3, 45) = 4.46,p = .014,¢ = .81. Data for these participants are on the
right hand side of Figure 8. Blink responses were of greatagmitude for human threat than
for positive contents, linedf (1, 15) = 9.71p = .007. The quadratic effect for human threat
approached significancg, (1, 15) = 3.11p = .098. As can be seen in Figure 8, neutral and
positive content blinks did not differ from one another. ter linear nor quadratic effects for

animal threat were significarfs (1, 15)< 2.19,ps > .159.

Blink Latency to Peak

For the ANOVA on blink latency to peak, there were no significeffects involving Gender or
Picture Combination, highebt (1, 65) = 2.06p = .156. These were removed from the model.
The main effect for Probe Time approached significakdd,, 71) =2.98p =.088. There were
no significant effects for Emotional Category or the intéiacbetween Emotional Category
and Probe Timefs (3, 213) = 1.53 and .09s = .21 and .961, both= .97 and . The absence
of significant differences between Emotional Categoriesaich Probe Time group can be seen

in Figure 9, contradfs (1, 71)< 2.29,ps > .135.

SCR Magnitude

For the SCR magnitude ANOVA, Gender was not significant as ia eféect or interaction,
highestF (3, 144) = 1.82p = .149,¢ = .95. This factor was removed from the model. In
the new model, Emotional Category was a significant mairceffe(3, 156) = 6.4p < .001,

¢ = .96. The interaction between Emotional Category and Raciombination approached
significance,F (3, 156) = 2.17p = .097. Probe Time was not significant as a main effect,
F (1, 52) = .493,p = .486, nor did it interact with Emotional Categofy, (3, 156) = 1.06,
p=.364.

SCR magnitudes are presented by Emotional Category at tbhePtwbe Times in Fig-
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ure 10. At the early Probe Time, there was a significant quadeffect for human threat,
F (1, 52) = 5.93p = .018. This indicated greater SCR magnitude in the poséihe human
threat conditions compared to neutral. The linear effechioman threat, which would indi-
cate a difference in SCR magnitude between human threat @sitive, was not significant,
F (1, 52) = .24 p = .624. Neither linear nor quadratic effects were appam@nahimal threat,

Fs(1,52) =2.17 and 1.6@s = .147 and .217.

At the late Probe Time, the linear effect for human threat sigsificant,F (1, 52) = 9.2,

p = .004. A quadratic effect also approached significance fondn threatF (1, 52) = 3.56,

p = .065. Figure 10 shows that neutral and positive picture &@gnitudes were not signifi-
cantly different from one another; human threat was astatiaith enhanced SCR magnitude
compared to those pictures. Animal threat again showedgmifisiant linear or quadratic effect

at this late Probe Timé;s (1, 52)< .14,ps > .708.

SCR Magnitude and SNAQ Score

As with the blink magnitude analysis by questionnaire scdOVAs were performed on
each Probe Time/Score Group combination due to uneven giaap. Planned contrasts are
only reported for groups showing a significant effect for Emal Category, or an effect that

approached significance — this was decided because of tHegma#p sizes.

For the early, low SNAQ score participants£ 17), there was no main effect for Emotional
Category,F (3, 48) = .54,p = .642,¢ = .92. SCR magnitude data for these participants are

presented on the left of Figure 11.

For above-median SNAQ score participants at this Probe Tme 10), there was a sig-
nificant effect of Emotional Category on SCR magnituée,(3, 27) = 4.93,p = .014,

¢ = .78. There were significant quadratic effects for both humad animal threat contents,
Fs (1, 9) = 15.53 and 12.3%s = .003 and .007. The animal threat linear effect approached

significanceF (1, 9) =4.62p =.06. This linear effect is caused by the larger magnitudesC
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Figure 11 Mean standardised SCR magnitudes by Emotional Categting atrly Probe Time, by par-
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ticipant score on the SNAQ. Error bars indicate one standam. Dotted lines represent the appropriate
mean level of ITI responses for each score group.



92
for positive compared to animal threat contents, as candre e the right of Figure 11. There

was no linear effect for human thre&t(1, 9) = .03,p = .86.

At the late Probe Time, participants who scored below theiamedn the SNAQ measure
showed no effect for Emotional Categony € 13), F (3, 36) = .73,p = .499,¢ = .69. The

data for this group are presented on the left of Figure 12.

For those scoring above the median on the SNAQ at this Prale i = 15), there was a
significant effect of Emotional Categork, (3, 42) = 7.44,p = .001, ¢ = .8. Animal threat
contents showed no significant contrasts, (1, 14) = .29 and .06ps = .597 and .803, for
linear and quadratic contrasts respectively. Human thslaived a significant linear effect,
F (1, 14) = 14.32,p = .002, indicating greater magnitude SCRs during humarathea-
tive to positive contents. A significant quadratic effectswaso apparent for human threat,
F (1, 14) =5.87p = .03. It can be discerned in Figure 12 that SCR magnitudasgipositive
and neutral contents for this group were not significantifiedent, accounting for the significant

quadratic effect.

SCR Magnitude and FSS Score

For early Probe Time, below-median FSS score participants 12) there was no effect for

Emotional Categony (3, 33) =.93p = .425,¢ = .82. These data are on the left of Figure 13.

For participants scoring above the median on the FSS in thg Baobe Time condition
(n = 15), the effect for Emotional Category approached sigaife, F (3, 42) = 2.72,

p =.062,e =.92. There were significant quadratic effects for both hum@ad animal threat,
Fs (1, 14) = 8.38 and 5.34s = .012 and .037. Neither threat category showed a lineacteff
Fs (1, 14) = .23 and 2.8ps = .641 and .116, for human and animal threat respectivélgs&
guadratic effects confirm that SCR magnitudes for these-faghparticipants were greater at
this Probe Time for the three affective conditions than e meutral condition, as can be seen

on the right of Figure 13.
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Figure 13 Mean standardised SCR magnitudes by Emotional Categdaheatarly Probe Time, by
participant score on the FSS. Error bars indicate one stdrmdeor. Dotted lines represent the appropriate
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At the late Probe Time, participants who scored below theiameoi the FSS measune € 16)
showed no effect of Emotional Category on SCR magnitkd@, 15) =1.99p = .145,e =.79.
For participants scoring above the median on the F581(2), there was a significant effect of
Emotional Category: (1, 11) = 3.5p = .042,¢ = .74. SCR magnitudes during human threat
contents were greater than those during positive contastsan be seen in Figure 14, linear

F (1, 11) =8.24p=.015. No other contrasts were significant h&®(1, 11)< 1.08,ps > .321.

SCR Latency to Peak

For the analysis of SCR latency to peak, there were no signifimain effects for any of
the between subject variables, nor interactions betweem #s (1, 48)< .81, ps > .373.
There was also no main effect for Emotional Categéry3, 144) = 1.55p = .211,¢ = .86.
The only significant interaction was between Emotional Gatg Probe Time, and Picture
Combination,F (3, 144) = 3.59p = .021. Interactions between Emotional Category, Probe
Time and Gender, as well as Emotional Category, Picture @uatibn and Gender, approached

significancefs (3, 144) = 2.27 and 2.2Bps = .093 and .097.

To test the interaction between Emotional Category, Protve ,Tand Picture Combination, the
data were analysed separately for each Probe Time groufewititional Category, Gender, and
Picture Combination as factors. For the early Probe Timamrthe interaction between Emo-
tional Category and Picture Combination approached saamiie F (3, 72) = 2.47p = .085,

e = .79. For the late Probe Time group, there was no main eftacEmotional Category,

F (3, 72) = .47,p = .674,¢ = .85, nor was the interaction between Emotional Categody an
Picture Combination significang (3, 72) = 1.94,p = .141. Further comparisons were not

conducted.
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Discussion

This experiment compared startle responses during fo@stgp emotional pictures (positive,
neutral, animal threat, and human threat) at early (300 md)ate (between 3 and 5 seconds)

stages of picture viewing.

Blink Modification at 300 Milliseconds

When patrticipants had only been viewing pictures for 300 nm po elicitation of startle, blink
responses were larger for human threat pictures comparezlteal and positive pictures. This
potentiation of the startle blink occurred at the same stdg@cture viewing as in Globisch
et al. (1999), in their highly animal fearful participantBhe current study showed that startle
modification can occur, for threatening pictures, at thidyestage of picture viewing, and by
the use of an unselected sample of participants also repisesme extension of the earlier results.
This result supports the hypothesis that fast processitigecgmotional significance of negative
emotional stimuli is not specific to phobic or highly fearfrticipants. In fact, early startle

potentiation for human threat stimuli was limited to lovafgarticipants in this study.

Animal threat stimuli failed to potentiate startle blinkistlke 300 ms probe time, even though
these pictures reliably enhanced the reflex in participahis received the probe several sec-
onds after picture onset. Although comparisons betweetwibg@robe times are compromised
by the between-subjects nature of this factor, it is quigacthat the animal threat stimuli (half
of which were snakes, the remainder other aggressive asiifiadled to potentiate startle at the

early Probe Time.

Globisch et al. (1999) found startle potentiation at thé€®-3ns probe time with high fear par-
ticipants, for similar pictures of snakes and spiders. I ¢hrrent experiment, even those
participants who scored highly on the SNAQ measure of sne&edid not show potentiation
of startle at the early Probe Time for these pictures, aljhdbe size of this early Probe Time,

high snake-fear group was quite smaidl< 11). It is important to note that the definition of
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high-fear is different in the two experiments — in the prasare, it describes a post hoc me-
dian split of an unselected sample of participants, whileb@ich et al. (1999) selected their
high-fear participants on the basis of scoring above thi BBtcentile on either the SNAQ or
SPQ measure. Thus the present experiment’s high snakpddaripants are not an analogous

group to that of Globisch et al. (1999).

A more interesting point is that both high and low snake-featicipants showed potentiation
for these animal threat pictures at the late Probe Time. Juggyests that these pictures fail to
activate early potentiation mechanisms, rather than heicepable of modifying startle at all,

although the between-subjects Probe Time factor limitssngoncrete conclusions.

It seems that the animal threat pictures were not identiSadh@leasant as quickly as the human
threat pictures. In a task where participants made a forceite as to the valence of emotional
pictures (drawn from the IAPS), Bradley and Lang (1999) tbslower reaction times for pic-
tures of animals than for those of people or objects. Foreagant pictures, this effect seemed
only to occur for participants low in general fearfulnesgy(ffe 2 of Bradley & Lang, 1999,
p. 8), although no statistical comparisons between thetboatent types were reported. This
might indicate a difference in complexity between animabtplgraphs and other unpleasant
photographs. In turn, this can explain why blinks were poéeed for animal threat pictures
at the late, but not the early, Probe Time (i.e., the pictamestoo complex to be processed
in a short space of time). It is also consistent with previfiodings of enhanced startle blink
magnitude for animal pictures in high animal-fear partéits (Globisch et al., 1999) — these
participants are capable of processing these stimuli tuidkus, feared stimuli are capable of
being processed to the point of potentiating startle by 366-wbut the stimuli that are feared

can differ between participants in each study, dependintp@experimental design.

Leaving aside stimulus complexity as an explanation okdéhces in startle modification be-
tween the two threat content categories, the lack of eatlyi@tion of startle for animal threat
pictures could be due to the criteria for picture selectibhe animal threat picture condition

consisted of four photographs of snakes and four photograpbther aggressive, non-human
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animals (two of dogs, two of sharks). Although the snake pip@phs were selected on the
basis of ratings identifying them as unpleasant (acrospaticipants, not only high snake-
fear participants), and depicted snakes preparing toestnilbite, the pleasantness and arousal
ratings for these pictures still varied according to seffarted fear levels in Study 1. Com-
parison of blink magnitude results during the two types afreah stimuli, not reported in the
results section, revealed (non-significantly) larger oeses for non-snake animal than snake
stimuli at both probe times. The inclusion of these snakupes in an experiment that did not
specifically test a high snake-fear sample may be resp@nfgibthe lack of blink potentiation
for animal threat contents at the early probe time, evenghqotentiation was still absent in
participants who had scored highly on the SNAQ measure desfemar — see previous reser-

vations regarding small group size and definition of highrie the present study.

Blink Modification During Positive Contents

As a final note on the blink modification results, blink reflexduring positive contents were
inhibited relative to neutral at the early Probe Time for {ta&r participants only (cf. Bradley,
Cuthbert, & Lang, 1993; Codispoti et al., 2001; Levenstoa £2000), but not at the late Probe
Time for these participants(cf., Vrana et al., 1988, fomegke). High SNAQ score participants
did show startle inhibition after several seconds of petiewing, but for both low-fear groups
positive contents at the late Probe Time were associatddsiattle potentiation (indicated by

significant quadratic effects across positive, neutral, r@gative contents).

As mentioned in Chapter 3, failure to find startle inhibitidaring positive stimuli is not an
uncommon occurrence. In their study of startle potentieéioross the picture viewing period,
Globisch et al. (1999) found no startle inhibition for pogtrelative to neutral pictures at any
probe time, for either animal fearful or control participgnPicture set selection appeared to
be the cause of this. Splitting blink magnitude data for fpasistimuli into responses for high
and low arousal exemplars revealed that blink responses svealler during the high arousal
positive stimuli, and when only these pictures’ blink datravincluded in the positive picture

condition, startle was inhibited at the 300 ms probe timatnad to neutral picture responses
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(Globisch et al., 1999).

Looking at arousal-related qualities of pictures in thespre experiment, SCRs for the positive
category were enhanced at the early Probe Time for highgladicipants only, indicating that
positive pictures were emotionally arousing. These padits also showed significant startle

inhibition for positive contents at the late Probe Time ¢fog SNAQ analysis, at least).

Startle blink magnitude was inhibited at the 300 ms ProbecTion low-fear participants in the
absence of enhanced SCR magnitudes. With regards to thefldate stage blink inhibition
for positive pictures in the low-fear participants, it wasted in the introduction on positive
emotion and startle (p. 26-30) that blink inhibition duripgsitive contents may in fact be
limited to certain types of pleasant situations, whethghlyi arousing ones or more specific
content types, and some studies (e.g., Levenston et aD) Pd®e shown potentiation of startle
for specific positive content types. For the low-fear pgraats in the present study, positive
condition SCRs were not significantly potentiated relatoveeutral, at either Probe Time, and
blink inhibition was absent for these pictures at the latsbBrTime — a more congruent pattern

of results, although still inconsistent with the literagur

If early inhibition of the startle blink during positive giores is caused by attentional demand,
then a group of pictures that fails to inhibit startle at aq@dme several seconds after picture
onset (whether indicative of attentional engagement ortiemal processing) should also not
inhibit startle at a very early stage either. This was notdhse in this study, although again
the between subjects design for Probe Time qualifies cosmasibetween early and late Probe

Times.

Skin Conductance and Specific Emotional Content

The effects of emotional content on SCR magnitude weredidtiv high-fear participants only.
The results at the early Probe Time showed that SCRs wertegfeatwo emotional categories,

human threat and positive, than for the neutral conditiarthA late Probe Time, human threat
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SCRs were of greater magnitude than all other picture catgdSCRs in the positive picture

category were not significantly different from neutral astRrobe Time.

This evidence is a reliable indication that human threatupgs produced more intense emo-
tional activation than the other picture categories; tasade extent, the same can be said for the

positive category on the basis of early Probe Time data. ifitiign raises several questions:

1. If positive pictures activated the positive emotionalgassing networks or were attentionally
engaging, as suggested by SCR enhancement, why were btarkie not inhibited for these

pictures at either probe time?

2. Why were SCRs during positive pictures enhanced comparadutral for the early Probe

Time participants only?

3. Why were SCRs never enhanced during animal threat cochparesutral pictures?

Firstly, although emotional activation (as indicated byghéened SCR magnitude relative to
the neutral condition) is necessary for startle blink medifon to occur, the presence of an
enhanced magnitude SCR does not guarantee that emotidvatiaa (or perhaps attentional
engagement, in the case of positive stimuli) is sufficiertaose blink modification. Secondly,
SCR enhancement for positive pictures was only observediifgr-fear participants, and so
low-fear participants showed neither SCR nor blink magtetpotentiation for these contents;
in fact, blink modification for positive pictures for thesarpcipants was in the direction of

potentiation rather than inhibition.

Regarding the first and second question, there may be diffesein the SCR components
recorded at early and late Probe Times. Viewing an emotigicalre, in the absence of startle
probe presentation, typically elicits an SCR from the vie@t&ang et al., 1993). Presentation
of the startle probe also elicits an SCR. When both eventsuj@ and probe presentation) oc-
cur in quick succession, co-activation of sweat glands leytwto events may lead to temporal

summation of the SCRs to picture and probe. This can exgiaialbsence of significant differ-
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ences in SCR magnitude for positive pictures at the lated”Taime, where there would be no
summation of the two SCRs. It can also explain the absencéndf inhibition for these pic-
ture contents for high-fear participants at the early Proibee, where the SCR data suggest it
should be occurring — the recorded SCR magnitude would bewbiceed effect of picture con-
tent and probe presentation, and thus exaggerated, whitcthal level of emotional activation

is insufficient for blink modification to occur.

The relationship between SCR magnitude and blink magnisidet much clearer with regard
to the third question raised. Enhancement of SCR magnitatigive to neutral, can be taken as
an indicator of activation of an emotional system or systéawesrsive or appetitive), a condition
which is of course necessary for emotional modification aftkt to occur. As SCR magnitudes
for the animal threat category were not enhanced relativeetdral, at either Probe Time, we
should not anticipate startle blink modification for theggyres. Startle blink magnitude was in
fact potentiated for animal threat pictures at the late rOime. The explanation for this blink
modification in the absence of SCR enhancement — an invedditre problem for positive
picture contents — may be related to a problem in calculZ®@& magnitude data, rather than

due to a discrepancy between the two output systems.

As noted in the method, SCR magnitude was calculated bydakiA0-ms baseline of skin

conductance in the period immediately prior to startle prpbtentiation, and subtracting this
baseline from the peak in the SCR occurring 1 to 4 secondsaftbe presentation. The prob-
lem is related to the summation hypothesis proposed aboiving an arousing emotional

picture evokes an SCR in the absence of any other stimul@tamg et al., 1993), and this re-
sponse should be at or near peak magnitude a few secondgieftee onset — around the time
of late probe presentation in this experiment. Thus, theébae” level of skin conductance for
participants in this condition would be recorded at an exowsly high level, and if the SCR
to the startle probe returned toward baseline before the 8@ probe manifested itself, the
calculated magnitude would be quite small. Figure 16 prewian illustrative example of this
phenomenon, drawn from a single participant in this studye ZO ms period prior to point A

is the baseline period for the magnitude calculation, andtg marks the peak amplitude of
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Figure 16 Skin conductance record from a single participant, shgwimperimposed SCRs to picture
content and to the startle probe.

the SC record. The response magnitude is the skin condectanplitude at point B minus
that at point A, and it should be quite clear from Figure 16 thes calculation method is sub-
optimal for calculating the size of the second SCR. An aléwe calculation could take the
baseline from the period immediately prior to picture preagon (at zero seconds on Figure
16). However, if the SCR to the probe appeared before the $CGRetpicture alone had re-
turned to baseline, summational effects of the two SCRsicleald to an enhanced amplitude
for the probe SCR that was not representative of the probkeelresponse. This would be the

case in the instance illustrated in Figure 16, if this caltoh method was used.

An interesting corollary of this hypothesis regarding ticeual magnitude calculation used is
that it should still lead to accurate calculations of SCR nitagle for emotionally neutral con-
tents at this late probe time. These pictures should el@iBG&R on their own, and thus the
baseline for calculating the size of the probe SCR would migtrfere with the magnitude cal-
culation. The absence of emotional modulation of late pr®6&s could then be ascribed to

faulty calculation of late SCRs for affective contents.
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Early SCR modification by Emotional Category is probably best indicator of emotional

arousal available in this study.

Blink and Skin Conductance Response Latencies to Peak

Both the analyses for blink response and SCR latency to peaktade were uninterpretable.
Males showed faster blink latencies to peak than femalesngaong Emotional Categories,
the only significant difference for blink latency to peak vedgshe late Probe Time, between

positive and animal threat contents, with shorter resptaieacies for the positive condition.

For SCR latency to peak, effects of comparisons between iBnadtCategories were not sig-

nificant.

Latency to peak is a less interesting psychophysiologeadile than latency to response onset,
partially because the period between response onset ak@vpkedepend on both the magnitude
of the response and the time constant used for rectifyinglét@. The reason latency to peak
was analysed in this thesis was that latency to onset wasamsistently calculated by the
computer program used, and the number of manual calcutatieeded to obtain this data
would be inhibitively time consuming; there would be 46 kBrfor each of 65 participants,
making a total of 2990 blinks latency estimations for bliateincy this study alone. This issue
is addressed in the General Discussion at greater lengtiysling results from all of the studies

in the thesis.

Limitations of the Experimental Design

The primary limitation of this study was the use of a betweahjects design. The design was
chosen in order to maximise the number of startle data thatlaeasonably be collected for
each of the four picture conditions, but in turn renders cangons between effects at the early
and late probe conditions less valid. It is unclear whetherdifferences in blink modification

for animal threat pictures between the two probe times istdggeneralisable qualities of the



104

pictures themselves or some characteristic of the paaintgin the two groups.

A further concern of the between-subjects design regaslpibdictability of the startle probe
presentation. For the late probe time participants, 12 b86tartle probes were presented at
the 300 ms probe time, with the remaining 24 presented bet®ead 5 seconds after picture
onset. For these participants, the majority of startle psolvere presented at the later, random
time period, with reduced predictability. The primary centlies with participants in the early
probe time condition, who received 24 of their 36 startlebeat the fixed 300 ms picture-
to-probe onset time. The preponderance of startle probdseatame time may have led to
increased anticipation of startle probe presentation ichately following picture presentation.
In the general startle modification paradigm, participdetsl to estimate probe presentation
as more frequently occurring on negative that positivedgayend trials (Witvliet & Vrana,
2000), which presumably means that participants expegibegghtened expectations of probe
presentation for negative content pictures during the ssmof the experiment. Anticipation
of the startle probe is likely to increase response mageaitmddirecting attention toward the
modality of the aversive probe (Haerich, 1994), and, in cioiaiton with greater expectations
of probe presentation immediately following picture onsa¢se phenomena could explain the
early potentiation of startle for the human threat categdhe hypothesis envisions a state of
affairs for the early probe time participants as followsttiggpants anticipate greater likelihood
of startle probe presentation (a) immediately followingtpre onset and (b) during negative
content pictures, so that anticipation of the probe durivggé pictures directs attention toward

the auditory modality, thus enhancing the startle reflex&oacoustic probe.

For this attention-directed potentiation to only occur fegative pictures, participants would
still need to have identified the emotional content of theyse by the 300 ms probe time, in
which case the mechanisms causing blink potentiation bytiemad valence could already be
active. A more likely possibility arising from anticipaticof early probe presentation is that
blink magnitude would be enhanced across all picture cositainthe early stage of viewing,
independent of their content. Intuitively, directing atien toward the acoustic probe at picture

onset might delay processing of the visual stimulus, thdaciag the probability of emotional
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modification of startle. The presence of differential $¢aacross the four Emotional Categories

at the early Probe Time is evidence against this hypothesis.

The net impact of the considerations in this section is floathe factors of emotional content
and probe time, a within-subjects design is preferable tetadien-subjects design in this type
of experiment, even though this requires either reduciegitimber of data points constituting
each probe time/emotional content condition, or increadiire total number of startle probes
presented to each participant. All subsequent studiesisrthiesis employ a within subjects
design for the variables of experimental interest, and comgse between reducing the number

of pictures contributing data to each condition and thd tatanber of probes presented.

Summary

The observed potentiation of startle blink magnitude by annireat contents after 300 ms of
picture viewing is contrary to the findings of several expemts cited in the preamble to this
study (Bradley, Cuthbert, & Lang, 1993; Codispoti et al.Q20Levenston et al., 2000). These
picture contents, depicting human aggression directedrbthe viewer, produce the greatest
degree of startle potentiation of all negative picture eatd (Bradley, Codispoti, Cuthbert, &
Lang, 2001). It is also apparent that portrayals of humamesgipn prompt greater startle po-
tentiation when the threat is directed toward the viewey.(@ gun pointed at the screen) rather
than other-directed threat, occurring between actorsernptiotograph (e.g., Levenston et al.,
2000). Some experimental data suggest that females shategtdink potentiation for muti-
lation than threat contents, while males do not (Bernatjé¢katBenning, Blonigen, & Hicks,
2002; Bernat, Patrick, Steffen, & Sass, 2002; Yartz & Hawl)2). The introduction to Study
3 discusses more experiments bearing on this point. Thisrerpnt found no difference in
blink modification between the two categories of threat stif@nimal and human/non-animal)
when patrticipants had viewed the picture for several sesoalthough again differences be-
tween these two types of pictures have previously only bdémemwed in female participants

(Bradley, Codispoti, Sabatinelli, & Lang, 2001). Partenip gender did not interact with Emo-
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tional Category in analyses of blink modification in the msstudy.

The section on SCR magnitude showed that participant fieee$s had a more consistent ef-
fect on this variable than on blink magnitude, and suggestadonly the more highly-fearful
participants show SCR modification during the startle pyodr@digm. Problems in calculating
SCR magnitude for the late Probe Time participants meantathalysis of SCR modulation

was unreliable for this group.

Although the between-subjects design was less than ideskxperiment clearly showed star-
tle blink potentiation at 300 milliseconds, with an unsédecparticipant sample and different
picture stimuli from the previous report of early startletgrdiation (Globisch et al., 1999).
It is still not clear why studies using mixed-content negafpicture sets have failed to find
early startle potentiation, and so the introduction to $tBiéxplores several aspects of negative

emotion that may explain these phenomena.
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Study 3

The results of Study 2 showed early potentiation of the Istaeflex for threatening stimuli,
in an unselected sample. Contrary to the hypothesis, tlusroed for modern threat stimuli
rather than for animal threat stimuli. This next study agsgrio ascertain reasons for the still
unresolved discrepancies in early startle modificationdojtrasting responses for two distinct
categories of negative pictures, threat and mutilationtextnphotographs, which should be

more evocative of fear and disgust, respectively.

In Chapter 1, it was noted that emotion can be described ay wtifferent levels — by moti-

vational disposition, emotional valence, or action disjas. The startle reflex is hypothesized
to be modified by neural mechanisms that are responsive tertiwtional valence of a situ-
ation (unpleasant or pleasant) or motivational dispasi{eppproach or avoid), not the action
disposition associated with a specific emotional state.félh@wving section describes and cri-
tigues experimental work on emotional specificity and EarAs specific positive emotional
stimuli have already been discussed briefly in Chapter 3,gargh that this thesis is primar-
ily concerned with early startle potentiation during neégaemotional stimuli, the following

discussion is limited to startle modification during diffat varieties of negative foreground.

Emotional Specificity and Startle

One of the premises of the emotional startle probe paradgythat the systems responsible
for the emotional modification process are organised by im@le distinction of appetitive

and aversive drive systems (Lang et al., 1998). The basanggtion of emotional processing
at the level of startle modification circuitry implies thascrete emotions within each system
(e.g., fear, anger, and disgust as negative emotions)dpoadiuce similar effects on the startle

reflex, provided foregrounds are of similar valence andisitg levels.

Breaking the negative emotional category into more disaeatotional subcategories can reveal
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a more complex pattern of startle modification than that psep by the motivational priming
hypothesis. This subdivision of negative emotional stirsah be performed in two concep-
tually distinct ways: By dividing data from different foreginds on the basis of the emotion
elicited by the stimulus (e.qg., fear, disgust), or by dimgldata on the nature of the foreground
picture content (e.g., threatening animals, mutilateddx)d The first method implies an ex-
perimental method where participants provide feedbackhenspecific emotion or emotions
they are experiencing during foreground presentation glfyreaport and/or other indicators of
emotional state such as facial muscle activity. The secoeithod tacitly accepts that certain
foreground types can elicit more than one emotion: For maviewing photographs of bodily
mutilations often leads to reports of both disgust and feay.( Yartz & Hawk, 2002). Studies
of startle modification employing these two distinctiondlwe considered separately in the
following section, followed by a description of the next exinent, which contrasted startle

responses for threat and mutilation pictures at early atedskages of picture viewing.

Startle During Specified Emotional States

Experiments testing startle responding during emotignaltied foregrounds have again drawn
on mental imagery, photographs and film clips as their ematistimuli. Cook et al. (1991)
employed three emotionally negative categories of imageripts: sadness, fear, and anger.
All three negative categories potentiated startle reddtivneutral and positive imagery, and the
specific negative scripts engendered the same degree ottiptitn. Comparing startle during
disgust, anger, and neutral script imagery, Vrana (19%tetewhether startle modification
was specific to he general valence of an emotional stimults thre action disposition thereof
(i.e., withdrawal from the stimulus for disgust, engagemaith the stimulus for anger). If
startle modification were associated with the action digjposfor an emotion, Vrana predicted
inhibition of startle responses during disgust imagerye tlu attention being directed away
from the disgusting foreground, hence allowing more aitbevai resources for processing of
the acoustic startle probe (Vrana, 1994). There are twoctbjes to this hypothesis: Firstly,

the consistent augmentation of startle during fear, styoagsociated with a withdrawal action
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disposition. Secondly, as the mental imagery procedurs fmskthe participant’s continuous
attention, it does not seem to allow for disengagement oftiemal processing in the same way
as a picture viewing procedure does. Both types of imageswstl potentiated startle relative
to neutral imagery, in accordance with both the motivatigmaning model and the criticisms

given above.

A third imagery study compared startle between three axesgiripts — fear involving a threat
to the participant, fear involving other-directed threag(, witnessing a physical assault), and
anger. All produced heightened startle reflexes, althoaghifmagery appeared to show greater
potentiation than anger imagery (this effect only appredcsignificance; Miller et al., 2002,
Experiment 1). When personal imagery scripts were develégeeach participant to produce
more effective imagery (see description in Chapter 3), asgept imagery produced greater
potentiation than non-personalised anger imagery (Mdteal., 2002, Experiment 2). This is
most likely an indication of the more vivid and arousing matof these personalised scripts.
Vividness ratings for anger imagery were in fact much higbempersonalised imagery com-
pared to standardised anger imagery (16.8 versus 9.8, adsalgp® score of 20), an effect that
was not so strongly stated for fear scripts (vividness gatiof 17.3 and 14.3, for personalised
and standard imagery respectively). These data suggestdhgpersonalised anger imagery
is not effective at producing the intended emotional statel so when the more appropriate
material is used, the putative difference in startle augatem for anger and fear imagery (as
observed in Experiment 1 of Miller et al., 2002) ceases to baifast. No experiments have
been performed looking at anger with pictorial stimuli, s due to this difficulty in finding
appropriate elicitors of anger in a standardised mediadtrithe difference between standard-
ised and personalised imagery could be attributed to egteater intensity or scripts that are
more likely to induce a state of anger. Contrasting mildlg &mnghly arousing personalised

anger scripts might resolve this question.

Two other imagery studies compared responses during feasauness script imagery to re-
sponses during joy and relaxation script imagery, so treh#dgative emotional scripts differed

in emotional intensity as well as specific emotional staté\(Ngt & Vrana, 1995, 2000). These
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experiments have previously been described in Chapter 31 &adies found greater startle
magnitude during imagery for highly-arousing fear scrightan for the less arousing sadness
scripts, as well as greater blink magnitude for the two higirbusing scripts (fear and joy)
compared to the low arousal scripts (sadness and relaxatidinen comparing within each
level of arousal (i.e., fear vs. joy, sadness vs. relaxatiooth types of negative imagery pro-
duced enhanced startle magnitudes compared to their apgisdp matched positive imagery.
This highlights the importance of matching the arousal att@ristics of negative and positive
categories that are to be compared. It is also worth notiag@ook et al. (1991) observed
no differences in startle magnitude between their sadfess,and anger imagery categories,
despite the first being rated as less arousing than the tatbescripts. The conflation of arousal

with specific negative emotions is dealt with in Study 4).

These experiments (Witvliet & Vrana, 1995, 2000) also supfie possibility that imagery-
based startle modification could be driven more by cognitigenand than emotional input
(Miller et al., 2002). The findings taken as evidence of irefegent valence and arousal effects
on startle responding during imagery can be explainedysblelarousal differences between
the groups, as the pattern of startle modification follovesafousal ratings (i.e., highest arousal
imagery coupled with greatest startle magnitude; lowesisal imagery associated with lowest

startle blink magnitude).

Research on emotional specificity and startle modificatgingifilm clips is limited to three
studies at this time, with fear and disgust clips as theiratieg stimuli. The most recent of
these studies failed to find startle potentiation duringwing of toe surgery footage, a film
clip that was described as primarily disgusting by partais (Kaviani et al., 1999). A movie
segment in which a man is about to be shot potentiated ssarttzessfully, and was described as
“anxiety/threat evoking” by some forty-seven percent aftipgpants (thirty-five percent rated
this clip as primarily disgusting). An earlier experimegitthe same group (Kumari et al., 1996)
had found startle potentiation for a negative category amsag of two disgust evoking clips,
with one of these clips depicting shoulder surgery. Addailalata from this study, pertaining to

two fear-evoking clips, were included in a reanalysis tlmahpared startle responses between
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fear and disgust stimuli (Wilson, Kumari, Gray, & Corr, 2000hese two types of clips did not
produce statistically different levels of startle respiogd Pleasantness ratings for the disgusting
clips were less negative in the Kaviani et al. study (1998intinm the earlier study (Kumari et al.,
1996, and, by extension, Wilson et al., 2000), suggestiatttie disgusting film clip used in the
Kaviani et al. study may not have been intense enough to engtagle modification circuitry.
This interpretation would be consistent with studies on onal arousal and startle (Cuthbert
et al., 1996). Arousal ratings were not reported for the filip studies under discussion,
although the two surgical procedures shown strengtherc#isis, as pleasantness ratings were
more intensely negative for the disgust clips which sucedéad potentiating startle (Kumari

et al., 1996) than for the disgusting clip that failed to dqlsaviani et al., 1999).

Having covered imagery and film clip studies, the review wilv consider studies employing
photographic slides to investigate emotional specifiaitystartle. Lang (1995) reported that
participants showed greater startle blink modificationrfyifear-eliciting than disgust-eliciting

pictures; both of these produced greater modulation thagnvdtartle was triggered during

pity-evoking pictures (e.g., malnourished children).

In order to rigorously test the assumption that fear andudisgtates are equivocal in mod-
ulating startle, Balaban and Taussig (1994) pre-seleatgative slides on the basis of being
described by a group of independent raters as primarily dealisgust evoking. These two

negative stimulus sets were compared to standard neutigd@sitive picture sets. Across two
experiments, only fear evoking slides augmented stargive to the neutral condition. In the

first experiment, startle blinks during disgusting slidesyevof similar magnitude to blinks in

the neutral condition, and were significantly smaller in magle than responses during fear
slides. The second experiment included one group of ppaints who viewed a second set of
positive slides in place of the fear slides, to preclude #ae §lides or having a disproportionate
number of negative slides in the set from influencing respsns the disgusting slides. There

was still no potentiation of startle for disgusting pictsire this second experiment.

This is only the second study described (along with Kaviaai.e 1999) in which a specifically
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non-fear negative emotion did not potentiate the stargpaase. In a similar vein, Yartz and
Hawk (2002) also tested emotional specificity of startle ification with fear and disgust as the
negative emotional states. In addition to positive, néudired fear photograph categories, they
included two types of disgust stimuli, one of slides depigthlood or injury (disgust-blood) and
a second category of other disgusting photographs (disghst, including pictures such as an
unflushed toilet or a cockroach on a plate of food). The inolusf these disgust-other stimuli
was intended to produce a category where disgust was predamas compared to the disgust-
blood condition for which it was hypothesised (and founa} fiear would also be evoked (Yartz
& Hawk, 2002). Contrary to the findings of Balaban and Tauék894), startle magnitude was
potentiated during the negative category (all three cartigres) relative to positive contents,
and for female participants, startle magnitude was greigng disgust than for fear stimuli

(Yartz & Hawk, 2002).

Startle During Specified Picture Contents

The emotional stimuli in the next group of experiments wewided on the basis of their pic-
torial content, rather than the emotional response pratibgdahe pictures. Emphasis is once
again given here to negative emotional stimuli. The firsheke studies included several probe
times to trace startle potentiation over the course of pectiewing, using two negative cate-
gories, physically aversive (i.e., threat or injury) andiatly aversive (i.e., negative human so-
cial situations), these being matched on ratings of piatoraplexity (Lethbridge et al., 2002).
Startle potentiation was only found for physically aveesphotographs, relative to neutral, at
probe times later than 2.5 seconds; startle blink magnitutieg socially aversive stimuli was
not potentiated at any stage of picture viewing. As obsefeedhe negative picture set in
Codispoti et al. (2001), startle responses during phylgiezkersive pictures were not inhibited
at a 300 ms probe time, appearing at the same level of magnitsidesponses to neutral pic-
tures. Blinks were inhibited for both positive and sociadlyersive negative stimuli at this stage

of picture viewing (Lethbridge et al., 2002).

Two comprehensive studies of emotional responding by 8pecintent types (Bradley, Codis-
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poti, Cuthbert, & Lang, 2001; Bradley, Codispoti, Sabdtin& Lang, 2001), discussed in
the introduction regarding positive emotional contentdl, ve discussed again here regarding
specific negative contents. The negative content types, wesscending order of subjective
arousal ratings: pollution, loss, iliness, contaminatextidents, mutilation, animal attack, and

human attack.

The first of these two papers (Bradley, Codispoti, Cuthl#&itang, 2001) showed a high cor-
relation between arousal ratings and standardised blirdninale ¢ = .86), although several
of these categories (pollution, loss, illness, accidesti®wed mean levels of blink magnitude
that were lower than mean response levels during neutrétiots) leading to significant inhibi-
tion in the cases of pollution and loss. A significant lineant for blink magnitude across all
eight negative contents also indicated increasing blingmtade with increases in foreground
arousal. The analysis of differences between specific iMegaintent categories was somewhat
more complex, and so the reader is referred to Figure 6 anié Pabf the paper in question.
Briefly, human attack, animal attack, mutilation and contetion contents had mean blink
magnitudes that were greater than the mean level acrossypeth of neutral stimuli (the origi-
nal paper does not report pairwise comparisons betweelrfispegative contents and neutral).
Within these four negative categories, mutilation corgdrdd lower startle blink magnitudes
than human attack contents, and no other comparison betlvesnwas significant. As noted
above, it was not reported whether these four contents lgguifisantly greater blink magni-

tudes than neutral.

The second paper reporting on these data (Bradley, CodiSadtatinelli, & Lang, 2001) con-
sidered differences in responding between male and fenateipants, and compared re-
sponses between specific negative contents and neutrantentMale participants actually
showed startle inhibition, relative to neutral, for the atdge picture condition considered as
a whole, while female participants showed significant piddion for negative contents in the
same analysis. Linear trends were apparent for both malteamale participants for blink mag-
nitude across the specific negative contents, again indgcaticreasing blink magnitude with

increasing foreground arousal. As in the earlier reporhdie participants showed startle po-
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tentiation, relative to neutral, for all four of the negatisontents (human attack, animal attack,
contamination, and mutilation) that were previously naegotentially producing greater blink
reflex magnitudes than neutral contents. For the males,amittack, human attack and con-
tamination contents were the only three content types tlea¢ wot listed as producing startle

inhibition relative to neutral.

Several important results have emerged from these twoestutMost importantly, startle blink
magnitude during negative contents is highly correlateth wubjective arousal ratings, and
blink magnitude increases in step with arousal. This is &negb by two additional findings:
Firstly, male participants do not show any blink potentiatfor negative contents relative to
neutral contents, and secondly, female participants dmbyvspotentiation for some negative

content types, which are generally the most arousing ones.

A similar division of negative contents was conducted bydreston et al. (2000) in their study
on startle responding at different probe times in psychupaind non-psychopathic male prison
inmates. For startle elicited late in the picture viewirapst (after 1.8 seconds), the negative pic-
ture contents were divided into threat and victim contenit) the victim category incorporat-
ing photographs of mutilation and assault directed betwleenctors. For the non-psychopathic
participants, both content types potentiated startldivel&o neutral, with threat appearing to
potentiate startle to a greater degree than victim con{émscomparison was significant when
both psychopathic and non-psychopathic participants dagre included; statistics not avail-
able for non-psychopathic participants alone; C. J. Hgtpersonal communication, April 9th,
2003). Unfortunately, there were not sufficient data folhezategory for this analysis to be per-

formed at the 300 ms probe time (C. J. Patrick, personal camuation, October 5th, 2002).

A differential effect of specific negative content on setlink magnitude was shown in a
further study using a non-incarcerated population of mal@engraduate students, with each
specific content subdivided into high, medium, and low aabgategories, matched between
contents (Bernat, Patrick, Benning, Blonigen, & Hicks, 2D0Here, threat stimuli led to en-

hancement of the startle response, but only for high andumedrousal stimuli; blink magni-
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tudes for victim category stimuli were no different from tr@l at any level of arousal. This
is clarification that the observations in Levenston et &0(® were not specific to a criminal

population.

A similar preliminary study testing female participantgthwslightly different picture content
categories and no arousal component, found significanhpaten of startle blink for threat
and mutilation contents, with mutilation providing the gtest mean level of modification of
these two contents (Bernat, Patrick, Steffen, & Sass, 200%) other negative categories,
disgust and victim, were not significantly different fromutial, although the victim category
looked likely to reach significance with extra data collectin = 21 at time of poster pre-
sentation, where this difference approached significane&ture conditions for the negative
categories included either three (for mutilation and dsspor six (for threat and victim) ex-
emplars of that content. These negative pictures alsorddfen terms of subjective arousal
in a manner that was paralleled in the startle reflex datéhahthose content types that were
higher in arousal also produced greater magnitude stdritiksb(Bernat, Patrick, Steffen, &
Sass, 2002), so that it is not clear whether differencesinkshagnitude between contents

were driven by the specific picture content or the emotiamainsity of the pictures.

Summary of Startle Modification During Varied Negative Boml Stimuli

The evidence cited above largely supports the hypothesissthrtle potentiation during nega-
tive foregrounds is not specific to fear or threat stimuli.eThajority of experiments looking
at this issue have shown augmentation of the reflex in a yasfedistinct emotional contexts,
and while many have observed differences in the degree ehpation caused by the specific
negative emotional stimuli, the direction of these repbddferences has not been consistent

across studies.
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Fear, Disgust, and Startle Potentiation

Startle potentiation is not posited to depend on the actigpagition of an emotional state, but
rather depends on the valence dimension of that state. Agdyeen shown to potentiate startle
to a similar level as fear (Cook et al., 1991; Miller et al.02Dor disgust (Vrana, 1994), even
though the motivational disposition (as defined by apprtaahd) for anger is in the opposite

direction to that for fear or disgust.

All three of these studies employed mental imagery proesitather than slide presentations
for their emotional induction, and the findings of Miller ét@002) regarding personalised and
standard anger scripts highlight that this emotion is maffecdit to elicit using standardised
material (such as would be necessary for a study using praggbg stimuli) than an emotion

such as fear.

Imagery studies are unfortunately not suitable for expenits testing the early time course of
startle modification, as locating the onset of imagery wdagdmprecise compared to picture
presentation (Vanman et al., 1998). Having establishellthat anger imagery potentiates star-
tle and that startle potentiation during imagery may be exfbed more by arousal or imagery
intensity than emotional content, the next section tur®taparisons between fear and disgust

as a model for testing the emotional specificity of earlytktgrotentiation.

Startle potentiation is apparent during both fear and disgmotional states. As noted pre-
viously, some photographic stimuli (e.g., mutilated bajlimay at times elicit both disgust
and fear. The best test of startle modification during “fieee” disgust may well be achieved
through the use of unpleasant odours (e.g., Ehrlichman,&t395, 1997; Miltner et al., 1994).

All of these studies have shown startle potentiation dutingleasant odours, which may be
more representative of what is known as core disgust, defiséisgust related to foods (Rozin,

Haidt, & McCauley, 1993).

With the exception of Lethbridge et al. (2002), whose phgiéjcaversive category contained



117
both threat and mutilation content pictures, none of theesh@ntioned studies have addressed
the emotional specificity of startle at early stages of peetiewing. As noted in the discussion
to Study 2, early potentiation of startle has so far only beleserved for threat type stimuli
(Globisch et al., 1999, and also Study 2 of this thesis), aqmé&@ments using mixed content
negative categories have not shown early startle potemtié@Bradley, Cuthbert, & Lang, 1993;
Codispoti et al., 2001; Levenston et al., 2000). As notedrapbevenston et al. (2000) did not

have enough data at their early probe time to compare betstgrualus contents.

Fast detection of threatening stimuli has been proposed amarmously useful tool for hu-
man survival (LeDoux, 1995), and it seems highly reasonebéssume that systems involved
with the early detection of such stimuli would not be invale detecting other negative stimuli
(e.g., contamination or mutilation stimuli). It is propaddeere that such an early threat detection
system (detailed in the introduction to Study 2) may be rasjide for the divergent findings
regarding early startle modification — emotional inforroatfrom non-threat negative stimuli
may not yet be available to the startle modification circuthim 300 ms of picture onset. The
amygdala appears to be involved both with early detectighrefat (LeDoux, 1995, 1998) and,
in the rat, with modification of startle during fear-conditing, but not during the rat equivalent
of anxiety (Davis et al., 1999). It is interesting to notetttiee amygdala is not activated dur-
ing perception of disgust faces (Phillips et al., 1997), sodf early startle potentiation during
negative stimuli is mediated by the amygdala, disgustimgudt should not potentiate startle at
an early stage of picture viewing. It is of course possibé thsecond pathway mediates star-
tle during disgust emotional states, although as the mgjofistudies on the neural pathways
involved in startle modification are concerned with non-lannanimals and typically use con-
ditioned fear as their negative emotional stimulus, it iskmown whether other pathways may
be available during disgust to allow startle modificatiomvi3 et al. (1999) state that, in the rat,
the bed nucleus of the stria terminalis (but not the amygdslaecessary for startle modifica-
tion to occur in contextual conditioning or light-potenéd startle, which are described as more
reflective of anxiety than fear. Startle potentiation doasnecessarily require the amygdala in
the rat, although it appears that it is vital to startle ptgion in humans (Angrilli et al., 1996).

Disgust has been characterised as a uniquely human em8tan(et al., 1993), and so the
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pathway responsible for modification of startle during dstgn humans awaits clarification.

The following study compares startle responding duringdahrmutilation/contamination pic-
tures, neutral and, positive pictures at two Probe Time itiomd, early (300 ms) and late (be-
tween 2 and 5 seconds). The composition of the threat andatiomi categories is described in
the method. Unlike Study 2, the Probe Time manipulation wagtlsan-subjects factor in this

study. The following predictions were made:

1. Threatening stimuli will potentiate the startle blinklex at 300 ms, as well as in the more

standard probe time range of 2 to 5 seconds after picturd.onse

2. Mutilation/contamination pictures will potentiate dta in the 2 to 5 second probe time

range, but not at the 300 ms probe time.

There are two experiments described in the following seatabating to the hypotheses stated
above. The differences between the two may be noted in theareections for Studies 3a and
3b, and the reasoning behind the change in experimentardsscovered in the discussion to

Study 3a.
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Study 3a

Method

Participants

The experiment was completed by a total of 55 student ppatits (32 females), from the Uni-
versity of Otago. Thirty of these participants were firs&ypsychology students who received
course credit after participating in the experiment. Theaming 25 participants were recruited
from a student job placement centre, and paid NZ$10 for tpgart, as in Study 2. Participant

age ranged from 18 to 44 years, with a median age of 19 yearsé¢tan age was 20.95 years.

Four participants did not complete the experiment, due &o-semultaneous failure of the stim-
ulus presentation and response recording computetsl(, poor EMG signal at the outset of
the experimentr(= 1), declining to continue participation in the experim@nt 1), and show-

ing a lack of any discernible blink responding after the fatstrtle probe presentation in the

habituation sessiom@ 1).

From the pool of those who completed the study, 46 parti¢gp@8 females) contributed data to
the blink magnitude analyses, and 44 participants (22 fesh)@bntributed to the SCR analyses.
Exclusion criteria were similar to Study 2, and are detaitethe data analysis section. One
participant in the SCR analysis group failed to completeghestionnaires, and so their data

were excluded from analysis of SCR magnitude by questioarsaore.

Startle Probe Presentation

Startle probe presentation was conducted in the same masmeStudy 2.
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Table 10: Mean Valence and Arousal Ratings for Pictures rs&tudy 3a.

Dimension Positive Neutral Mutilation Threat
Valence 7.69 5.45 2.25 3.08
Arousal 3.81 1.95 5.4 5.34

Picture Stimuli

Selection of the picture stimuli was again on the basis ofive¢ and arousal ratings collected
in Study 1. Table 10 reports means and standard errors afic@lend arousal ratings from
Study 1 for the four picture categories. Appendix F listsdlcgual pictures included for each

Emotional Category.

Positive and neutral pictures were largely the same as fmlySt, as can be seen in Appendix F.

As in Study 2, the negative picture set consisted of two mhistiypes of picture. The first of
these were threat content pictures, and these correspdhd fucture types used in Study 2;
pictures of threatening humans and animals (excludingeshakd spiders). The second neg-
ative category consisted of mutilation pictures and peguwhosen to elicit feelings of disgust
(e.g., human feeces, dead animals). For the sake of coneenjend due to the preponderance
of this type of picture) this category is referred to as thdilation category for the remainder

of this method and results section.

Picture and probe stimulus presentation was the same asdy 3t

Experimental Design

The experimental design was slightly different from StudyPZobe Time was included as a

within-subjects factor, with early probes again being preed at 300 milliseconds, and late
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probes appeared at random between 2 and 5 seconds aftee mnget. This late probe period
began at a slightly shorter latency than in Study 2. Paditip received startle probes on 3
pictures for each Emotional Category at both Probe Timekijnmgaa total of 24 probed pictures
relevant to the experimental hypotheses. Inter-trialruatieprobes were presented during one
ITI in each block (a reduced quantity from Study 2). Thereevfius a total of 29 startle
probe instances on which data were collected, and all oftiestances were included for

standardisation purposes.

Once again there were two different Picture Combinationpleyed, and these were so ar-
ranged that the first Picture Combination’s early Probe Tmotures were probed in the late
time interval for the second Picture Combination, and vieesa. Each Picture Combination
was presented in one of four different block orders. Prediemt order was counterbalanced

across participants but is not included as a factor in dedéyais.

Physiological Recordings

Physiological recording, off-line data reduction, andrgog of magnitudes and latencies were
performed as in Study 2. The standardisation proceduredsliftc and SCR response magni-

tudes were performed on all available data (i.e., data froth Brobe Times and ITI probes).

Procedure

The procedure was the same as for Study 2, excepting that @enshsure of mutilation fear
was administered to participants instead of the SNAQ meassgd in Study 2. The FSS-II-R

measure was retained for the current study.
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Data Analysis

Data analysis was largely the same as for Study 2, with theviolg points to note. Exclusion
criteria were the same as for Study 2, so that a participdata were excluded if they showed
blink responses less than ¥ in magnitude on more than one quarter of all probe instances
(picture and ITI probes), or zero magnitude SCRs on moredtgrarter of all probe instances.
As there were fewer probe instances in this study than inyS2udhis led to a decrease in the
absolute cut-off point (from 8 small responses to 7). Thesssent of whether a participant

met these criteria was again performed on the raw, untremsft data.

An additional note is needed on the reporting of Greenhd@rsisser epsilon values in this and
subsequent studies. Firstly, the correction only appbegpeated measure factors with more
than two levels, and so no correction is applied to the mdacebf or interactions involving
Probe Time (which only had two levels) without Emotional €giry. Secondly, the epsilon
value is the same for interactions involving the repeatedsuees variable (i.e., Emotional
Category) and a between-subjects variable or variablgs @ender). However, interactions
involving additional repeated measures variables (i®se between Emotional Category and
Probe Time) have a unique epsilon value. Interactions wngltwo repeated measure variables
and a between-subjects variable have the same epsilonaslioe the interaction between the
two repeated-measures variables. As in Study 2, epsilaresare only reported for the first

result involving each of the two possible correction values
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Summary of Physiological Variables and Number of Valid iegrants

123

Table 11 summarises descriptive statistics for the foueddpnt variables, averaged across the

early and late Probe Time conditions. Both raw and transéordata are presented for the blink

and SCR magnitude, although only standardised data weddasthe following analyses. The

number of participants included for the blink and SCR aresys noted by the blink magnitude

and SCR magnitude summaries.

Table 11: Physiological Dependent Variable Means and @tan#rrors, by Emotional Category of
Picture, Averaged Across Probe Time.

Physiological measure Positive Neutral Mutilation Threat
Blink magnitude n=46
Raw (V) 54.77 56.13 57.72 64.86
(S.E) (5.56) (6.02) (6.04) (6.48)
Standardised (T-score) 47.71 48.91 50.15 52.48
(S.E) (.52) (.45) (.48) (.48)
Blink latency to peak (ms) 75.14 76.51 76.68 76.85
(S.E.) (1.04) (1.02) (1.28) (1.14)
SCR magnitude n=44
Raw S) 2.08 2.10 2.09 2.55
(S.E.) (.28) (.26) (.24) (.30)
Standardised (p of range) .38 .38 .38 45
(S.E.) (.02) (.02) (.02) (.02)
SCR latency to peak (ms) 4421.51 4505.88 4395.68 4466.59
(S.E) (105.93) (113.55) (110.81) (109.62)
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Table 12: Descriptive Statistics for MQ and FSS QuestiamsaiBetween Gender.

Questionnaire Females Males All Median
n 32 22 54 54
MQ 12.47 7.18 10.31 10
(S.E.) (.97) (.82) (.75)
FSS 128.63 103.36 118.33 116.5
(S.E.) (4.72) (5.84) (4.02)

Questionnaire Results

Table 12 reports means and standard errors for the two quesires for both male and female
participants. Female participants scored more highly tmates on both the MQ and FSS
questionnaires, respecti¥s (1, 50) = 15.09 and 11.53, bopis < .002. Scores did not vary
across Picture Combination, nor as an interaction betwesd& and Picture Combination,
for either questionnairé;s (1, 50)< .78,ps > .38. Table 12 also reports median scores for the
entire sample, which are used for the analyses of blink anld 8@gnitude by questionnaire

score reported in subsequent sections.

Blink Magnitude

The analysis for blink magnitude was conducted using alhefindependent variables in the
study. Probe Time had a significant effect on blink magnifdél, 42) = 13,p < .001, with
startle probes eliciting greater magnitude responses wiresented at the latél(= 51.39) than
at the early Probe TimeM = 48.23). Neither Gender nor Picture Combination appeasesl a
main effect, nor were there any significant interactionsveen any combination of Gender,

Picture Combination and Probe Tintes (1, 42)< 2.01,ps > .163.

Blink magnitude varied significantly with the Emotional €gory of the foreground picture,

F (3, 126) = 14.12p < .001, ¢ = .93. The interaction between Emotional Category, Probe
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Figure 17 Mean standardised blink magnitude by Emotional Categatryhe early and late Probe
Times. Error bars indicate one standard error. Dotted peasents mean level of ITI responses.

Time, Gender, and Picture Combination approached signde#& (3, 126) = 2.55p = .062,
¢ =.95. No other interaction including Emotional Categorywsanificantfs (3, 126)< 2.04,
ps > .116.

Differences in blink magnitude between the four Emotionai€gories were assessed with sep-
arate contrasts at both early and late Probe Times. Meadastdised blink magnitudes for
each Emotional Category at the two Probe Times are portray&dgure 17. At the early
Probe Time, threat content blink magnitude was signifigagtéater than for positive, linear
F (3, 42) = 9.67p = .003. There was no quadratic effect for threat contdn(, 42) = 1.51,

p =.226. Mutilation contents showed neither a linear nor gathcleffect at this early stage of

picture viewingFs (3, 42) =1.95 and .00ps = .17 and .973.

At the late Probe Time, threat picture blinks were again pidéed relative to positive content
blinks, linearF (3, 42) = 25.64,p < .001. Mutilation content blinks were of significantly
greater magnitude than positive blinks, lin€a(3, 42) = 7.95p = .007. Neither content type
showed a significant quadratic effeEfs (3, 42) = 2.01 and .0%s = .164 and .864, for threat
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and mutilation respectively. These results indicate lilysacreasing blink magnitude across

positive, neutral, and negative contents, for both negatategories.

Blink Magnitude by MQ Score

Group size was equal for the median split on MQ score 3 for each group). The overall
analysis of blink magnitude by MQ score median split showedhneffects for Probe Time,
F (1, 44)=13.12p < .001, as well as Emotional CategoFy(3, 132) = 14.5p < .001,e = .94.
MQ score group did not interact significantly with Emotio&ategory, or Emotional Category
and Probe Timeks (3, 132)< 1.27,ps > .29, ¢ = .96; the epsilon value is for the three-way

interaction.

Blink Magnitude and FSS Score

The size of the groups for the FSS-split analysis was agaialdq = 23 in each). The overall
ANOVA for blink magnitude with the FSS median split variaslgowed a main effect for Emo-
tional CategoryF (3, 132) = 15.28p < .001,¢ = .96, as well as an interaction between Emo-
tional Category and FSS score-group that approached sigmée F (3, 132) = 2.71p = .05.
The interaction between Emotional Category, Probe Time 85 score group was not signif-

icant,F (3, 132) = .8p = .492,¢ = .97.

For those scoring below the median on the FSS measure, whtsare presented in Figure 18,
there was a significant effect for Emotional Categétry3, 66) = 4.07p = .012,¢ = .92. The
interaction between Emotional Category and Probe Time wasignificant,F (3, 66) = 1.62,

p = .197,¢ = .94. However, there were no significant linear or quadretiects for either
negative category at the early Probe Tirfs, (1, 22)< 1.82,ps > .192. At the late Probe
Time, threat blink magnitudes were of greater magnituda tiieks during positive contents,
linearF (1, 22) = 8.81p = .007. The quadratic effect for threat also approachedfggnce,

F (1, 22) = 3.06)p = .094. At this Probe Time, there were no significant effeotstlie muti-
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lation contrastsFs (1, 22)< .79,ps > .385. The blink magnitude data for those participants
scoring above the median on the FSS measure are presentgdie E9. This group showed a
significant main effect of Emotional Category on blink magde,F (3, 66) = 12.89p < .001,

e =.94. At the early Probe Time, threat content blinks wereigri§icantly greater magnitude
than positive content blinks, line&r (1, 22) = 20.16p < .001. The linear effect for mutilation
contents approached significan€e(1, 22) = 3.18,p = .088. Neither negative content type
showed a quadratic effedgs (1, 22) = .31 and 1.%s = .585 and .285, for threat and muti-
lation respectively. It can be seen in Figure 19 that mudifaand neutral contents were not

significantly different from one another at this Probe Time.

For these high FSS-score participants at the late Probe ,Timéh threat and muti-
lation content blinks were potentiated relative to positigontents , respective linear
Fs (1, 22) = 20.7 and 11.87, bofis < .003. Again there was no evidence of quadratic ef-
fects for these dat&s (1, 22)< .33,ps > .576.

Blink Latency to Peak

For the analysis of blink latency to peak, Picture Comboratlid not reach significance as a
main effect or as an interaction with Gender or Probe TiRge(1, 42)< 2.35,ps > .132, nor
in any interaction involving Emotional Categoifys (1, 42)< 1.31,ps > .275,¢ < .92. The

following analysis employed a model excluding Picture Corabon.

There was a main effect of Probe Time on blink latency to pEdi, 44) = 33.39p < .001, as
well as an interaction between Probe Time and Gerdlél, 44) = 4.95p = .031. This interac-
tion basically indicated that blinks reached their peakerprickly at the earlyNl = 74.23 ms)
than at the late Probe Tim#&l(= 78.55 ms), for both males and femalps,= .033 &< .001,
respectively. Gender was not involved in any higher ordé&ractions involving Emotional

CategoryFs (3, 132)< .52,ps > .66.

Emotional Category was not significant as a main efféct(3, 132) = 1.01,p = .387,
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Figure 18 Mean standardised blink magnitude by Emotional Categatryhe early and late Probe
Times, for participants scoring at or below the median orR88. Error bars indicate one standard error.

Dotted line represents mean level of ITI responses.
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Figure 19 Mean standardised blink magnitude by Emotional Categatryhe early and late Probe
Times, for participants scoring above the median on the IEB®r bars indicate one standard error.
Dotted line represents mean level of ITI responses.
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Figure 20 Mean blink latency to peak by Emotional Category, at théyesard late Probe Times. Error
bars indicate one standard error. Dotted line represends hegel of ITI responses.

¢ =.92. The interaction between Emotional Category and Pfaibe approached significance,

F (3, 132) =2.3p =.084,¢ = .95. This interaction is portrayed in Figure 20.

At the early Probe Time, there were no significant contrastsvéen Emotional Categories,
Fs (1, 44)< 1.16,ps > .287. At the late Probe Time, blink responses during pasitontents
reached peak more quickly than those during threat contemsarF (1, 44) = 4.34p = .043.
No other contrast was significamts (1, 44)< 2.26,ps > .139.

SCR Maghnitude

The ANOVA for SCR magnitude included all possible indeperidariables. There were sig-
nificant effects for the interactions of Probe Time and Geratewell as Probe Time and Picture
Combination, but these effects will not be described as wee subsumed under higher order
interactions. The interaction between Probe Time, Gerathet,Picture Combination was sig-
nificant,F (1, 40) = 5.69p = .022. Post hoc testing revealed that participants gdpesfabwed

greater magnitude SCRs for early Probe Time pictures thtanwath ps ranging from .019 to
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.067. The only group who did not show this pattern were ferpalticipants who viewed the
second Picture Combination, who had greater SCR magnitodéste than early Probe Time

pictures, although this difference did not reach signifteap = .09.

There was a main effect of Emotional Categdfy(3, 120) = 10.4p < .001,¢ = .92. This
variable interacted with GendeF, (3, 120) = 3.13p = .032. These data are presented in
Figure 21. Separate ANOVAs were performed for male and fempaitticipants, with Emotional
Category as the sole independent variable. For females® tees a main effect for Emotional
CategoryF (3, 63) =8.33p < .001,¢ = .87. Threat content SCRs were of greater magnitude
than neutral and positive content SCRs, as can be seen ineF2ju this was indicated by
significant linear and quadratic effecks (1, 21) =12.87 and 12.76, bgtk= .002. Mutilation
content SCRs were not significantly different from neutrgdositive,Fs (1, 21) = .62 and 1.69,

ps =.439 and .208, for linear and quadratic contrasts.

For male participants, there was a significant main effeat Eonotional Category,
F (3,63)=4.71p=.008,c =.86. Threat content SCRs were of greater magnitude thatiyeos
content SCRs; (1, 21) =4.71p = .005. No other contrasts were significaas, (1, 21)< 2.52,
ps < .128.

There were also significant interactions between Emotiddalegory and Probe Time,
F (3,120) = 3.31p =.023,e =.99, and between Emotional Category, Probe Time, andrictu
CombinationF (3, 120) = 4.28p = .007. The ANOVA was decomposed into two models, one
for the early Probe Time and one for the late, with Emotionatiegory, Picture Combination,

and Gender as factors.

At the early Probe Time, there was a main effect for Emoti@atiegory,F (3, 120) = 6.22,

p < .001,e¢ = .97, and the interaction between Emotional Category anthifei Combination
was not significant- (3, 120) = 1.56p = .204. Planned contrasts were performed between the
levels of Emotional Category at the early Probe Time, andoeafollowed in Figure 22, where

data are averaged over both Picture Combinations. Forttboetents, the quadratic effect was



131

0.7

[ ] Positive

06 ] Neutral
Mutilation
0.5 - KX Threat
1
T
"""""""""""""" ) "i.'";'_:".' -

SCR Magnitude (p of range)
=
|
|

o
(N

N

0.1
Female Male

Participant Gender

Figure 21 Mean standardised SCR magnitude by Emotional Categarfefale and male partici-
pants, averaged across Probe Time. Error bars indicatetandasd error. Dotted lines represents the
appropriate mean levels of ITI responses for females andsnal

0.7
Bos 3 e
c Mutilation
% 015 b B Threat
= T %
§ 041 I _|_/ 2 T
*é - -l ’//./ =T X
B0 T T U N SR NEAA AN o s0 o, RN DU B S § (77
5 0.3 % %

B 0.2t % fooe % 3

0.1

Early Late
Probe Time

Figure 22 Mean standardised SCR Magnitude by Emotional Categortheatarly and late Probe
Times. Error bars indicate one standard error. Dotted kpeasents mean level of ITI responses.
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significant,F (1, 40) = 11.49p = .002. Mutilation contents also showed a significant quacra
effect, with greater SCR magnitude during mutilation ansifpee pictures compared to neutral,
F (1, 40) = 6.1,p = .018. Threat contents were also associated with greatBrr8&gnitudes
than positive contents, line&r (1, 40) = 5.92p = .02. The linear trend for mutilation content

was not significant- (1, 40) = .45p = .506.

The right hand side of Figure 22 shows the late Probe Time Stid&raveraged over both Picture
Combinations. For the late Probe Time condition, the imtioa between Emotional Category
and Picture Combination was significaft,(3, 120) = 4.48p = .006, ¢ = .96. For the first
Picture Combination, there was no significant effect for Homal CategoryF (3, 60) = 1.85,
p=.157,e =.87. For the second Picture Combination, the main effedEfootional Category
was significantF (3, 60) = 8.45p < .001,¢ =.93. The pattern of results for these participants
at this Probe Time are the same as for the late Probe Time $teowin in Figure 22 (averaged
over both Picture Combinations). SCR magnitudes were fiated in this group for threat
contents compared to positive, linear(1, 20) = 25.51p < .001. The quadratic effect for
threat content was not significaft(1, 20) = 1.53p = .23. For mutilation contents, there was a
significant quadratic effect, with SCRs during positive amatilation contents being of smaller
magnitude than SCRs for neutral conteftq1, 20) = 9.08 p = .007. The linear comparison

for mutilation pictures was not significari,(1, 20) = .97 p = .337.

SCR Magnitude and MQ Score

The ANOVA looking at SCR magnitude for both high and low MQ earticipants found
a main effect for Emotional Categorly, (3, 123) = 11.34p < .001,¢ = .9. There were also
interactions between Emotional Category and Probe T8, 123) = 2.84p = .042,¢ = .98,
and between Emotional Category and MQ score gréu3, 123) = 3.9p = .014.

For the low MQ-score groum(= 22), there was a significant main effect of Probe Time on SCR
magnitudeF (1, 21) = 5.61p = .028, with early Probe Time SCRHI(= .43) being of greater

magnitude than late Probe Time SCR4 € .37). There was no main effect for Emotional
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CategoryF (3, 63) = 1.5p = .226,¢ = .94, and the interaction between Emotional Category
and Probe Time was not significaft,(3, 63) = 2.23p = .1, ¢ =.91. SCR magnitude data for

these participants are presented in Figure 23.

Data for the above-median MQ score participants=(21) SCR magnitude data is presented
in Figure 24. There was a significant main effect for Emotiddategory in this condition,

F (3,60) =11.66p < .001,e =.77. At the early Probe Time, there was a significant difieee
between threat and positive content SCRs, lifvedr, 20) = 7.2p=.014. A quadratic effect was
also significant for threat contents, with threat and pesitontent SCRs greater in magnitude,
on average, than neutral SCRs(1, 20) = 14.99p < .001. The quadratic trend for mutilation

approached significanck,(1, 20) = 3.03p = .097.

For late startle probes, threat content SCR magnitudes evdranced relative to positive con-
tents, lineaF (1, 20) = 11.81p = .003. No other contrasts were significant, indicating & lac
of SCR potentiation for positive and mutilation contentatige to neutralFs (1, 20)< 1.2,

ps > .288.

SCR Magnitude and FSS Score

The general ANOVA on SCR magnitude incorporating both higghlaw FSS score groups had
a main effect for Emotional Categorly, (3, 123) = 10.54p < .001,¢ = .92, as well as a sig-

nificant interaction between Emotional Category and Prabee]F (3, 123) = 2.99p = .034,

¢ =.996. The interaction between FSS score group and Emobiitategory approached sig-
nificance,F (3, 123) = 2.43p = .074, and the interaction between Emotional Categonhéro
Time, and FSS score group was signific&n(3, 123) = 2.85p = .04.

For the low FSS score group € 21), whose SCR magnitude data are presented in Figure 25,
the ANOVA revealed a main effect for Emotional Categdty3, 60) = 3.91p = .014,¢ = .97.
For early Probe Time SCR magnitudes, threat contents wgnéisantly greater than positive

contents, lineaF (1, 20) = 5.58p = .028. Neither quadratic effect was significant, nor were
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Figure 23 Mean standardised SCR magnitude by Emotional Categomy)eagarly and late Probe
Times, for participants scoring at or below the median orMi@e Error bars indicate one standard error.
Dotted line represents mean level of ITI responses.
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Figure 25 Mean standardised SCR magnitude by Emotional Categoty)eatarly and late Probe
Times, for participants scoring below the median on the HS8r bars indicate one standard error.
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mutilation content SCRs different from positive contentR&(Fs (1, 20)< .75,ps > .396.

For the late Probe Time data, SCRs were smaller for the miotil@ontents compared to pos-
itive, and this linear effect approached significarfe€l, 4) = 3.71,p = .069. Other contrasts

were not significant for this groujg;s (1, 20)< 1.48,ps > .239.

For participants scoring above the median on the &S Z2), there was a significant effect
for Emotional Category (3, 63) = 8.6,p < .001,¢ = .83, as well as an interaction between
Emotional Category and Probe Tinte,(3, 63) = 4.44p = .009,¢ = .91. This interaction is
depicted in Figure 26. At the early Probe Time, there wereiBtant quadratic effects for both
the threat and mutilation contrasks (1, 21) = 20.39 and 11.6, botls < .003. In the absence
of significant linear effects, these results indicate gne&CR magnitude in this fear score
group/Probe Time condition for all three affective congene¢lative to neutraFs (1, 21)< 1.2,

ps > .287, for the linear contrasts.

Threat content pictures were associated with greater SGRvito@es than positive contents at
the late Probe Time, lined (1, 21) = 16.77p < .001. The quadratic contrast for mutilation
contents approached significance, with a trend toward gr&R magnitudes in the neutral
than in the mutilation and positive conterfes(1, 21) = 3.38p = .08. Other comparisons at this

Probe Time were not significarfs (1, 21)< 2.18,ps > .154.

SCR Latency to Peak

All variables were included in the ANOVA model. The betweeiject factors, Gender and
Picture Combination, were not significant as main effecta®rinteractions with one an-
other,Fs (1, 40)< .35, ps > .562. There was also no main effect for Emotional Category,
F (3, 120) = 1.34p = .266, ¢ = .86. There was a main effect for Probe Time on SCR la-
tency to peak, as well as a significant interaction betweehdTime and Picture Combination,
Fs (1, 40) = 8.56 and 4.4%s = .006 and .04. In the first Picture Combination, SCRs rahche

their peak magnitude more quickly at the late Probe TiMe=(4385.67 ms) than at the early
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Probe Timell = 4628.99 ms)p = .005. The difference between the second Picture Combi-
nation’s early M = 4402.61 ms) and late{ = 4363.74 ms) SCR latencies to peak was not

significant,p = .94.

Of the interactions involving Emotional Category, two apgrhed significance; that between
Emotional Category and Picture Combinatién(3, 120) = 2.44p = .078; and that between
Emotional Category, Probe Time, Picture Combination, aedderF (3, 120) = 2.44p = .068,

¢ =.83.

Figure 27 shows the early and late Probe Time data for SCRdgpte peak. The only planned
contrast to approach significance was the quadratic efeeanitilation contents at the late

Probe TimeF (1, 40) = 3.2p = .081. All other contrasts$;s (1, 40)< .66,ps > .421.
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Figure 27. Mean SCR latency to peak by Emotional Category, at the eadylate Probe Times. Error
bars indicate one standard error. Dotted line represends hegel of ITI responses.
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Discussion

Blink Magnitude Results

The blink magnitude analysis showed linearity across pesineutral, and threat contents at
both early and late Probe Times. This is a replication of #suilts of Study 2 in a within-
subjects design, with new picture sets and a different caitipa for the threat condition (com-
bining both human and animal threat pictures from Study 2tillstion content blinks were
potentiated at the late Probe Time, but these pictures showgotentiation of blink magnitude
when probes were presented at 300 ms. These results are witinthe hypothesis that threat-
ening picture contents would be processed to allow stalitéx potentiation by 300 ms, but
mutilation or disgusting picture contents would not be pssed by this stage. As this pattern
of results is qualified by the analysis incorporating FSSes,aheoretical implications will be

described following these.

Blink Magnitude and Participant Fearfulness

For low-fear participants (defined by a median split on th&fSR measure), startle poten-
tiation after several seconds of picture viewing was largbé same as expected on the ba-
sis of previous experiments. Threat contents were assdcwith heightened blink response
magnitudes compared to positive contents, although itbirbof blink magnitude was not ob-
served for positive contents compared to neutral (as iteliday a significant linear trend and a
quadratic trend that approached significance). Thesecjgatits did not show significant blink

potentiation for mutilation contents after several sesowithicture viewing.

These low FSS-score participants showed no significank Iniadification at the early Probe
Time, for any picture content. These results are more in\with those studies previously
reporting no potentiation for negative contents when paodie300 ms (Bradley, Cuthbert, &

Lang, 1993; Codispoti et al., 2001; Levenston et al., 2000must be noted that, with the
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exception of Codispoti et al., those studies just cited@lind significant inhibition of blink
magnitude at the 300 ms Probe Time for emotionally valentupgccontents, which was not
observed in the current experiment. Comparisons betweghest will be dealt with in the

section discussing theoretical implications of theseltesu

High FSS-score participants showed patterns of resultsibee in line with Globisch et al.
(1999): Early potentiation of blink magnitude for threantents, and blink inhibition for pos-
itive contents. Effects for mutilation contents on earlgrde modification only approached
significance, and probably indicate blink inhibition forgpive contents rather than potentia-

tion for mutilation contents (see Figure 19).

Late Probe Time blink modification for the high FSS-scoretipgrants indicated linearly as-
cending blink magnitude across positive, neutral, and tnegaontents, for both threat and

mutilation negative categories.

Implications of Blink Magnitude Results

Early potentiation of the startle blink reflex was limitedtims study to participants scoring
above median on the FSS-questionnaires administered. plduss the findings of this study
alongside previously observed early blink potentiation li@hly-fearful participants during

their feared stimuli (Globisch et al., 1999).

The current study differed from Globisch et al. (1999) in waylditional to the classification
of participants into high- and low-fear groups (discussaitbWwing the results of Study 2).
The main difference between these studies was the natutesafdgative stimuli viewed by
participants. Globisch et al. (1999) used negative stithali were related to each participant’s
fear of specific small animals. The current study used twegmates of negative stimuli, threat
and mutilation/disgust contents. Early startle potemratvas limited to threat stimuli for high

fear participants.
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There was also no evidence for differences in startle madiin between high and low mu-
tilation fear participants, assessed by the MQ measure.h®asis of Hamm et al. (1997),
it would be predicted that only high mutilation-fear paigi@nts would show startle potentia-
tion for mutilation contents, and Globisch et al. (1999) htigredict early startle potentiation
for such contents with these high-fear participants (algfointerpretations from that experi-
ment should rightly be limited to threat stimuli). The arga$yof blink magnitude by MQ score
showed no such effects, although the FSS-score analysieshthat late startle potentiation

for mutilation contents was limited to high general-feartiggpants.

Low-fear participants (as defined by FSS score) did not showearly startle modification,

which is more in line with previous results from those stsdising unselected samples (e.g.
Bradley, Cuthbert, & Lang, 1993; Codispoti et al., 2001; émeston et al., 2000; the non-
psychopathic prisoners in the latter study are considensdlacted in terms of fear levels). It
is important to note that, when the participant sample inpilesent study was considered as a
whole, early blink potentiation was observed for threatteats. As none of the studies cited
above split participants post hoc on the basis of fear quassire score levels, the results of the
current study, which also used an unselected sample, drdiginct from these other studies.
As noted previously, these other studies (with the excaptioCodispoti et al., 2001, where
early negative and neutral blink magnitudes were not sicantly different) found inhibition
for negative contents at a 300 ms probe time. This was negexa$e in the present experiment,

for participants in any fear condition.

SCR Magnitude

To summarise the SCR magnitude results, at the early Prabe, BCR magnitudes were en-
hanced for all three affective contents relative to neutiidireat content SCRs were also of
greater magnitude than positive content SCRs at the easlyePFime. At the late Probe Time,
SCR maghnitude effects were limited to only one of the twolR&ECombinations. Threat con-
tents were associated with enhanced SCRs relative to heanthboth mutilation and positive

content SCRs were of smaller magnitude than neutral reggons
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The SCR magnitude results, like blink magnitude, were gilifferent when considered by fear
condition. Low-fear participants (whether indicated by MQFSS scores) showed few signif-
icant effects of emotional content on SCR magnitude. Hegdo-participants (again defined by
either MQ or FSS score) showed significant SCR modificationsacEmotional Category at
the early Probe Time, with greater SCR magnitude duringctifie contents than neutral. At
the late Probe Time, linearity of SCR magnitude was obseovedpositive, neutral, and threat
contents. Positive and mutilation content SCRs were nariztted at the late Probe Time for

high-fear participants.

An interaction between Gender and Emotional Category atdat that, averaged over both
Probe Times, SCR enhancement was significant for threaeotsonly. For females, SCR
magnitude for positive contents was not significantly défe from neutral, but for males SCR
magnitude for positive contents was lower than for neutaaltents. This result is limited

somewhat by consideration of differences between earljjaedSCR modification, discussed

below.

Implications of SCR Magnitude Results

The late Probe Time SCR magnitude results in this study agedewith those observed in
Study 2. First, note that picture content only really modif@CR magnitude for high-fear
participants. Despite the fact that high-fear particigarunsistently showed enhanced SCR
magnitude for affective contents at the early Probe Tim#, thmeat contents showed enhanced
SCR magnitude relative to neutral at the late Probe Timeadh fooking at all fear groups,
the modal result for mutilation content SCRs at the late rbime was inhibition relative to
neutral (as indicated by quadratic or linear effects; mbgi@se only approached significance).
The interaction observed between Picture Combination andtiénal Category for the late
Probe Time SCRs is taken here as further evidence that theumezaent of these late SCRs is
unreliable. There are no additional explanations for thisrmmenon than those offered in the

discussion of Study 2.
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The most interesting point to note regarding early SCR maatifin (which was suggested as
a good indication of emotional arousal in the discussionttaly 2) is that these results were
(mostly) significant only for high-fear participants. Tkeesere the only participants to show
startle blink modification at 300 ms, which suggests thdiesartle modification is mediated
by either high-fear in the participant or high stimulus img#y (which would be modulated by
participant fearfulness also). The links between stimuitensity, fearfulness and early startle

modification are explicitly tested in Study 4.

Response Latencies to Peak

There were few manifest differences on the latency to pesiktsefor blinks and SCRs. Blink
latency to peak did not differ on the basis of Emotional Catggexcept at the late Probe Time

where responses reached peak faster for positive thanreattbontents.

SCR latency to peak was shorter for late Probe Time instaihegsfor early Probe Time in-
stances (although this effect was only significant for one¢heftwo Picture Combinations).
This may in fact be limited evidence in favour of the SCR surmomahypothesis advanced in
the discussion of Study 2 (Figure 16), as an initial SCR tgitbeire should be returning toward
baseline at the time of the second SCR (to the probe). Thisl ahift the recorded peak of the

late probe SCR forward in time.

Theoretical Implications, and the Next Study

This experiment indicated early startle potentiation wigimegative stimuli for high-fear par-
ticipants and threat contents only, a result that was cargrwith the previously published
literature but out of line with the results of Study 2. Theadission above differentiates the cur-
rent experiment from other studies on the time course ofistaotentiation, on the basis of the
multiple negative picture categories used as well as thelpassubdivision of participants into

high and low fear individuals. The results still indicateeatension on previous work, showing
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that early startle potentiation for threatening imagepgasent when considered across the en-
tire unselected sample, as well as a difference at 300 me iefticacy of potentiation for threat

and mutilation/disgust contents.

The next study is basically a replication of this study, vatte important difference. It was de-
cided to control for the possibility that participants mayt he attending to the computer screen
at the time of picture presentation. As timing is the mostontgnt part of the experimental
design, it is vital that the participant is looking at thetpre from the moment of onset. Other-
wise, the actual amount of time spent processing the pictoméent could vary unpredictably
between individuals, and could be far shorter than the kstipd 300 milliseconds. Given the
short latency between picture and probe onset in the eaplyedPTime condition in the follow-
ing study, a warning was given to participants in the follogvstudy that the picture was about
to be presented. This took the form of a small white fixatiarssr presented for half a second

prior to picture onset.

The only other experimental difference was that startléesovere only presented on pictures
that had not been probed in the present study. This was ddesttwhether the effects observed
in the current study would generalise to a different samplaaiures, or if they were specific

to this study’s picture set only.
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Study 3b

Method

Participants

The experiment was completed by 47 participants (29 ferpaddisof whom were first-year
psychology students from the University of Otago. Par#ois received course credit after
participating in the experiment. Age ranged from 18 to 22yeaith a median age of 18 years;

the mean was 18.87 years.

One participant did not complete the experiment due to a pd& signal at the outset of
the experiment. Another participant was excluded from athdanalyses because they were

currently undergoing treatment for depression.

Of those who completed the study, 41 participants (24 fespalentributed data to the blink

magnitude analyses, and 35 participants (20 females)ibated to the SCR analyses. Exclu-
sion criteria were identical to Study 3a. One potential S@RIysis participant who made the
inclusion criterion was excluded from the analysis due tartazero magnitude responses for

the entirety of one Emotional Category/Probe Time comimnat

Methodological Differences from Study 3a

The only differences between this study and Study 3a wereamparticipant sample used, the

picture sets viewed, and the presentation of a fixation gayiot to picture onset.

Selection of the picture stimuli was again on the basis ofiveg and arousal ratings collected
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Table 13: Mean Valence and Arousal Ratings for Pictures lrs&tudy 3b.

Dimension Positive Neutral Mutilation Threat
Valence 7.79 5.33 1.84 3.33
Arousal 3.57 1.81 6.19 5.35

in Study 1. Table 13 reports means and standard errors afical@nd arousal from Study 1

for the four picture categories. Appendix F lists the acpietures included for each Emotional

Category.

Positive and neutral pictures were the same as those uséddy $a; however, startle probes

were presented only on pictures where startle had not bestedlin Study 3a.

As there were only ten pictures in the threat and mutilatictupe sets in Study 3a, two new
pictures had to be added to each of these picture sets sadhi# svould only be elicited for
pictures not probed in Study 3a. For the mutilation pictutiesse were IAPS pictures 3051 and
9433; for the threat pictures, these were IAPS pictures 6243%510. These new pictures were
selected as being similar in content to the probed pictuas Study 3a that they replaced.
Picture ratings for some pictures in this experiment weteamailable from Study 1, and so the
standardised ratings reported in the IAPS manual (Lang,t399b) were used instead. These

pictures are marked with an asterisk in Table F1.

As mentioned in the preamble, the second addition to thidystas the presentation of a
fixation cross prior to picture presentation. The fixatioossr consisted of two intersecting 3-
cm white lines, presented in the middle of the computer sci@e500 ms prior to picture onset.

No cross was presented prior to the ITI startle probes.
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Summary of Physiological Variables and Number of Valid iegrants
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Table 14 summarises descriptive statistics for the foursftggical dependent variables, av-

eraged across the early and late Probe Time conditions. B@thand transformed data are

presented for the blink and SCR magnitude, although onhdstalised data were used for the

following analyses. The number of participants includedtfe blink and SCR analyses is

noted by the blink magnitude and SCR magnitude summaries.

Table 14: Physiological Dependent Variable Means and @tan#rrors, by Emotional Category of
Picture, Averaged Across Probe Time.

Physiological measure Positive Neutral Mutilation Threat
Blink magnitude n=41
Raw (V) 54.39 51.18 54.56 57.59
(S.E) (5.45) (5.3) (5.46) (5.75)
Standardised (T-score) 49.58 48.70 50.61 51.1
(S.E) (.63) (.44) (.54) (.55)
Blink latency to peak (ms) 75.32 74.78 75.17 75.2
(S.E.) (2.29) (1.28) (1.67) (1.5)
SCR magnitude n=36
Raw uS) 1.95 1.92 1.97 2.44
(S.E.) (.27) (.26) (.27) (.29)
Standardised (p of range) .35 .34 .35 45
(S.E.) (.03) (.03) (.03) (.03)
SCR latency to peak (ms) 4546.28 4492.26 4469.7 4556.22
(S.E) (140.24) (139.13) (133.54) (137.28)
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Table 15: Descriptive Statistics for MQ and FSS QuestiamsaiBetween Gender.

Questionnaire Females Males All Median
n 28 19 47 47
MQ 10.77 7.89 9.61 8
(S.E.) (1.3) (.96) (.88)
FSS 123.57 107.47 117.06 120
(S.E.) (5.58) (5.43) (4.11)

Questionnaire Results

Table 15 reports means and standard errors for the two quesires for both males and
females. There were no differences in questionnaire scpr@dnder on the MQ measure,
F (1, 45) = 2.48p = .122. For the FSS measure, the main effect for Gender agipedasignif-
icance,F (1, 45) = 3.8 p = .058. Scores did not vary across Picture Combination nanas-
teraction between Gender and Picture Combination, foeedhestionnairess (1, 45)< .518,

ps > .475. Table 15 also reports the medians for the entire safopleoth questionnaires.
These medians are used to split participants into high anestmre groups for the following
analyses by questionnaire score; participants whosesoaee on the median were allocated

to the low-score group in all instances.

Blink Magnitude

In the analysis of standardised blink magnitude with allafales in the model, neither Gender
nor Picture Combination approached significance as magctsfior in any interaction involv-
ing Emotional Categoryfs (3, 111)< 1.98,ps > .122,¢ = .98, epsilon value for highest
F interaction. Picture Combination and Gender were thusueber! from the following analysis

model.

There was a significant main effect of Emotional Categbr{8, 120) = 3.21p = .029,¢ = .92.
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Figure 28 Mean standardised blink magnitude by Emotional Categatryhe early and late Probe
Times. Error bars indicate one standard error. Dotted peasents mean level of ITI responses.

The main effect for Probe Time approached significafkcg,, 40) = 2.95p = .094, as did the
interaction between Emotional Category and Probe THn@, 120) = 2.15p = .099,¢ = .97.

The data for this interaction are represented in Figure 28.

Planned comparisons at the early Probe Time showed a liffeat for threat that approached
significanceF (1, 40) = 3.56p = .067. The quadratic effect for threat was significant,cath
ing greater blink magnitude in the positive and threat coowlé than in the neutral condition,
F (1, 40) = 12.39p = .001. The quadratic effect for mutilation was also sigaifit; indicating
that mutilation content blink magnitudes were also enhdmektive to neutrak: (1, 40) =9.42,
p =.004. The difference between mutilation and positive entblinks was not significant, lin-

earF (1, 40) =2.16p=.149.

As should be clear from Figure 28, blink response magnitatiése late Probe Time were not

different from one another, all contrdss (1, 40)< .35,ps > .559.
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Blink Magnitude by MQ Score

The analysis for blink magnitude by MQ score-group showedamnneffect for Emotional
Category,F (3, 117) = 3.14p = .032,¢ = .92. The interaction between Emotional Cate-
gory and Probe Time approached significaneg3, 117) = 2.21,p = .093,¢ = .97. MQ
score did not interact with Emotional Category, nor with Eimwal Category and Probe Time,
Fs (3, 117) = .08 and 1.0%s = .962 and .354. An interaction between Probe Time and MQ

score approached significanée(l, 39) = 2.91p = .096.

Blink Magnitude and FSS Score

There was no main effect for FSS score on blink magnitkdé, 39) = .04p=.837. There was
a significant main effect for Emotional Categdry1, 39) = 3.28p = .027,e =.92. The interac-
tions involving Emotional Category and FSS score group wetesignificantFs (1, 39)< 1.3,

ps > .283,¢ < .98.

Blink Latency to Peak

Gender did not approach significance for any terms in the AN@\del for blink latency to
peak, highesF (3, 111) = .92p = .409,¢ = .71. The following analysis includes Emotional

Category, Probe Time, and Picture Combination as indepevdeiables.

The main effect for Emotional Category was not significant(3, 117) = .1,p = .959,

¢ = .72. There was a significant interaction between Emoti@wkgory and Probe Time,
F (3, 117) = 3.02p = .036,¢ = .94. The data for this interaction are presented in FigQre 2
Planned contrasts showed no significant contrasts for EBmaltiCategory on blink latency to

peak within either Probe Tim&s (1, 39)< 2.38,ps > .131.

A further significant interaction occurred between EmadioGategory and Picture Combina-

tion,F (3, 117) = 3.61p =.028. Separate ANOVAs for the two Picture Combinationstbno
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Figure 29 Mean blink latency to peak by Emotional Category, at théyesard late Probe Times. Error
bars indicate one standard error. Dotted line represends hegel of ITI responses.

main effects for Emotional Categorlys (3, 60) = 2.13 and 1.6®s = .134 and .19& s = .65

and .71, for the first and second Picture Combinations réispc

SCR Magnitude

The initial ANOVA for SCR magnitude included all possiblalgpendent variables, but Gen-
der and Picture Combination were again removed becausaitieyot approach significance,

highestFs (3, 93) =1.92 and 1.6ps = .14 and .186;, = .88 and .86.

In the analysis including Emotional Category and Probe Tithere was a main effect for
Emotional Category- (3, 102) = 10.01p < .001,¢ = .9. Probe Time was also significant as
a main effect, with SCR magnitudes being larger on averagesatarly Probe TimeM =.39)
than at the late Probe Tim#(= .35),F (1, 34) = 5.69,p = 0.023. The interaction between

Emotional Category and Probe Time was not significBr(8, 102) = 1.99p = .13, ¢ = .86.

The following comparisons can be followed in Figure 30. Ad garly Probe Time, threat con-
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Figure 30 Mean standardised SCR Magnitude by Emotional Categortheatarly and late Probe
Times. Error bars indicate one standard error. Dotted peasents mean level of ITI responses.

tent pictures were associated with greater SCR magnithdegositive content pictures, linear
F (1, 34) =12.94p = .001. The threat quadratic trend was also significant,, 34) = 11.37,

p = .002, although it can be seen in Figure 30 that positive andral content SCR magni-
tudes were not significantly different at this Probe TimeeTihear and quadratic effects for

mutilation contents at the early Probe Time were not sigamfid=s (1, 34)< 2.33,ps > .136.

At the late Probe Time, threat content SCRs were again oftgr@aagnitude than positive
content SCRs, linedf (1, 34) = 6.6,p = .015. The quadratic trend for threat contents was not
significant,F (1, 34) = 1.38,p = .248. These two results indicate increasing SCR magnitude
across positive, neutral, and threat contents. Neithdreoifrtutilation contrasts were significant,

Fs(1,34)=1.22 and 2.1ps = .277 and .155, for linear and quadratic respectively.

SCR Magnitude and Questionnaire Results

The ANOVA looking at SCR magnitude for both high and low MQ eparticipants found

a main effect for Emotional Categorfy, (3, 123) = 11.34p < .001,¢ = .9. There were also
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interactions between Emotional Category and Probe T8, 123) = 2.84p = .042,¢ = .98,
and between Emotional Category and MQ score gréy3, 123) = 3.9p =.014.

For the low MQ-score group, there was a significant main efié®robe Time on SCR mag-
nitude,F (1, 21) = 5.61,p = .028, with early Probe Time SCR# (= .43) being of greater
magnitude than late Probe Time SCR& £ .37). There was no main effect for Emotional Cat-
egory,F (3, 63) =1.5p = .226,¢ = .94, and the interaction between Emotional Category and
Probe Time was not significarf, (3, 63) = 2.23p = .1, ¢ = .91. SCR magnitude data for the

below median MQ score patrticipants are presented in Figlire 3

At the late Probe Time, SCR magnitudes increased linearlysagositive, neutral, and threat
contents; lineaf (1, 16) = 4.80,p = .044, quadratid= (1, 16) = .8,p = .385. The lin-
ear and quadratic trends were not significant for mutilatontents at the late Probe Time,

Fs (1, 16) = .52 and 2.3®s = .481 and .147.

Data for the above median MQ score SCR magnitudes are peesgnEigure 32. There was
a significant main effect for Emotional Category in this ciiod, F (3, 51) = 3.84p = .021,
¢ = .84. At the early Probe Time, there were significant lineat quadratic trends for threat,
Fs (1, 17) =5.05 and 8.5ps = .038 and .01. The two contrasts for mutilation contentkiat
Probe Time were not significarfEs (1, 17) = .9 and 1.21ps = .355 and .286, for linear and

guadratic.

For late startle probe SCR magnitudes, no contrast wadisigmi,Fs (1, 17)< 2.04,ps> .171.

SCR Magnitude and FSS Score

For the analysis of SCR magnitude by FSS score group, thesewzain effect for Emotional
Category,F (3, 99) = 9.6,p < .001, ¢ = .9. Interactions between Emotional Category and
FSS score group were not significaRt (3, 99)< .2, ps > .876,¢ = .86; epsilon value for

interaction of Emotional Category, Probe Time, and FSSesgooup.
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Figure 31 Mean standardised SCR magnitude by Emotional Categomy)eagarly and late Probe
Times, for participants scoring at or below the median orMi@e Error bars indicate one standard error.
Dotted line represents mean level of ITI responses.
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Figure 32 Mean standardised SCR magnitude by Emotional Categomy)eagarly and late Probe

Times, for participants scoring above the median on the M@Qorbbars indicate one standard error.
Dotted line represents mean level of ITI responses.
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Figure 33 Mean SCR latency to peak by Emotional Category, at the eadylate Probe Times. Error
bars indicate one standard error. Dotted line represends hegel of ITI responses.

SCR Latency to Peak

All variables were included in the ANOVA model. There was gnglicant interaction between
Gender and Picture CombinatioR,(1, 31) = 5.54,p = .025. SCRs reached their peak more
quickly for male participants in the second Picture Comtiama(M = 3962.13 ms) than for
female participants in the first Picture Combinativh£ 4528.84 ms)p =.041. These variables
were not involved in any interactions with Emotional Catggar Probe TimeFs (3, 93)< 1.3,

ps > .263. The Planned Comparisons below were conducted frohinatite model including

both of these between-subject variables.

The main effect for Emotional Category was not significaat(3, 93) = .36,p = .742,
¢ = .82. There was a significant interaction between Emoti@wkgory and Probe Time,

F (3,93) =3.32p =.031,¢ = .84, the data for which are displayed in Figure 33.

Figure 33 shows the early and late Probe Time data for SCRdgate peak. At the early Probe

Time, there was a significant linear effect for mutilatiomtants, with SCR latency to peak
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being shorter for mutilation compared to positive conteht¢l, 31) = 6.29p = .018. There
was also a significant quadratic trend for threat contentkcating longer SCR latency to peak
for positive and threat contents relative to neutfa(l, 31) = 5.14p = .03. At the late Probe

Time, no contrasts were significafts (1, 31)< 2.21,ps > .147.
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Discussion

Summary of Results

Blink Magnitude

The blink magnitude results for this study can be summarsetbllows. Blink modification
was not apparent for any Emotional Category after sevecalnsis of picture viewing. At the
300 ms Probe Time, positive stimuli and both types of negattimuli potentiated startle blink
magnitude relative to neutral. There were no interactiogtsvben Emotional Category and

fear-group, as defined by either the MQ or FSS score.

SCR Maghnitude

At both early and late Probe Times, SCRs for threat conteats wnhanced relative to neutral
content SCRs. SCR magnitude was never potentiated foriy@sit mutilation contents. This

was true for both high- and low-fear individuals.

Implications of Results

The results of this experiment are inconsistent with anyiptesly published studies. The pic-
tures failed to modulate startle after several secondsevfinig. In the absence of blink modi-
fication at the late Probe Time, it would be imprudent to htiie the early startle modification
results to emotional causes. This discussion will first egslthe lack of emotional modifica-
tion of startle at the late Probe Time, and then possibleasaokthe observed early Probe Time

startle modulation.

The first point regarding the lack of emotional startle maadiiion is that the probed pictures

in this study were those photographs in Study 3a on whiclistaad not been elicited. The
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lack of emotional modification at the late Probe Time couldresent a failure of stimulus
generalisability for the results of Study 3a — either thoadier results were specific to the
pictures probed in the earlier study, or the current resudie specific to the pictures used in

the present study.

The use of the fixation stimulus in this study is another gmesnfluence on the results. The
presentation of the fixation cross may concentrate paattipttention on the early part of the
picture presentation period. Focusing attention on thly sgages of picture presentation may
lead to a cessation of emotional processing by the time dbtkestartle probes, so that startle
modification after a few seconds is equivalent to that setm picture offset in studies that do
not use a fixation stimulus (e.g., Bradley, Cuthbert, & Lah®93). This seems unlikely. An

alternative hypothesis, which presumes that the fixationwts influences participants into
thinking that only the early stages of picture viewing ar@artiant, is that the participants may
have stopped looking at the picture after the early startbdg has not appeared. Again this

seems unlikely.

Any hypothesis on this lack of late startle modification wbalso have to account for the blink
potentiation observed for all affective categories at 3&) rather than just for negative cate-
gory pictures. This effect suggests that attention or alottsaracteristics (rather than valence)
are mediating this early modification. However, SCR magl@t(an indicator of emotional
arousal) was never potentiated for any content other thaathwhich casts some doubt on this

explanation.

Resolution of the results of Studies 3a and 3b is not posaiftleis point. If both studies had
used the same picture set, or the second study had used emiffecture set but excluded
the fixation stimulus, it might be possible to offer a more dasive report on the observed

differences in results.



159

The Next Experiment

Study 3b was envisaged as a replication and (minor) exterdi®tudy 3a. The dissimilarity
of results between the two studies is thus a major setbaakn&kt study was designed as a re-
finement of the Study 3 experimental design, introducingdgoound arousal as an experimental
factor, while retaining the fixation point used in Study 3tthk fixation cross has an influence
on early and late startle modification, the results of StuliBould be replicated in Study 4.
In this instance, the arousal manipulation should clarifiether the early potentiation of startle
blinks observed during positive contents is related to saband/or attention, which would be

indicated by differential early blink modification for higland low-arousal positive stimuli.

It is also possible that the results of Study 4 will be moreilsinto those obtained in Study 3a,
in which case the results of Study 3b could be attributeddp@rties of the picture stimuli used

or a sampling error.

Before describing the experimental design, the introducto Study 4 includes a discussion
of startle modification and arousal characteristics thgaers on the corresponding section
in the general introduction by considering differencesasponding between specific negative

emotions, as well as the interaction between arousal anthtleeof probe presentation.
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Study 4

The Nature of Subjective Arousal, Specific Emotional Cdnten

and Startle Reflex Modification

Studies 3a and 3b produced conflicting results, with Studshi®aving consistent startle poten-
tiation across both early and late probe times for both traed mutilation contents. Study 3b
showed no startle modification at the late probe time, anly startle potentiation for all af-
fective contents relative to neutral. Two hypotheses wdvaiaced regarding this discrepancy.
Firstly, the fixation point introduced in Study 3b could bé8uencing participant responding.
Secondly, the pictures used in Study 3b may have been inlpabnlikely to produce startle
potentiation. This second hypothesis does not address avhyystartle probe responses showed

the pattern of results observed.

The next study investigates how the arousal/intensity dsimn of emotional stimuli interacts
with specific negative emotional content types, with the afmesolving the issues raised by

the discordant results of Studies 3a and 3b.

Conflation of Arousal and Specific Emotional Content

One major problem with many studies purporting to examiffferdinces in blink modification
for specific emotional contents is that stimulus arousatasttaristics are often not matched
between content types. This was previously mentioned wiands to Bernat, Patrick, Steffen,

and Sass (2002).

Some emotional states (e.g., fear, or anger) are by nature imense than others (e.g., sad-

ness), and so could not possibly be compared at the samesitytézvel, proposed here as
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necessary for testing the emotional specificity of startbelifiication. For the considerations of
this thesis, arousal and specific emotional content have beeflated in several studies, and
these studies have all shown changes in startle blink madgifor specific negative contents
that mirror the changes in the arousal dimension for theséeots (e.g., Bradley, Codispoti,
Cuthbert, & Lang, 2001; Bradley, Codispoti, Sabatinelli_&ng, 2001; Bernat, Patrick, Stef-
fen, & Sass, 2002). The imagery studies of Witvliet and Vrét@05, 2000), with high and
low arousal negative and positive scripts (fear, joy, sadnpleasant relaxation), also conflate

valence, arousal, and specific content, although the lashebof interest to them.

Cook et al. (1991) used imagery scripts matched on both al@usl valence for their anger
and fear categories, while their sad script was matchedthetbe on valence but not on arousal.
Imagery for all of these negative scripts showed similaelewf startle potentiation relative
to the neutral script. Likewise, Vrana (1994) found equatls of startle blink magnitude on
imagery for anger and disgust scripts, even though thesedvar subjective unpleasantness
and arousal, with anger being associated with more extratiregs on both. In these studies
startle modification was equivalent across negative ematicategories, although predictions

based on arousal ratings would have suggested otherwise.

Even when valence ratings are less extreme for fear thartter megative emotional stimuli
(e.g., disgust in Balaban & Taussig, 1994, pity in Lang, )99%artle potentiation has been
absent in these non-fear conditions; furthermore, in tise o&‘pity’, subjective arousal as well
as unpleasantness was higher for pity evoking than for thedeoking stimuli (Lang, 1995).
Levenston et al. (2000) also showed differential startte/ben threat and victim contents, with
greater potentiation for threat than mutilation contesée(reservations on page 114), despite a

lack of differences in valence and arousal ratings.

Yartz and Hawk (2002) also found differences in valence aodsal ratings for their photo-
graphic materials. Disgust stimuli were rated as less plaatan fear stimuli, and within the
disgust category, blood-content pictures were rated agllesisant than the non-blood disgust

contents. Arousal ratings for the combined disgust categiod fear were equivalent, although
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disgust-blood contents were again rated as more arousamgdisgust-other contents. The va-
lence/arousal ratings are in line with the startle reflex mitaigles so that the most arousing/least
pleasant stimuli (disgust-blood) produced the greatestlstpotentiation, while fear stimuli

(less extreme on valence, but not arousal, ratings) pratiiieesmallest degree of potentiation.

The same contention regarding conflated arousal and spewmifient could be raised regarding
Cuthbert et al. (1996) and their conclusions on varying sablevels and startle modification.
To summarise their findings again, only highly arousing tiggastimuli potentiated startle
blink magnitude, while medium- and low-arousal negativesli blinks did not differ from
neutral. These high, medium, and low arousal negative catgydiffered in terms of their
specific contents as well as their subjective arousal, sbahiy the high-arousal condition
contained any threat stimuli (two of six, as defined by ththagy with the remainder being mu-
tilation contents). The remainder of pictures at the otheusal levels consisted of mutilation,
injury, contamination, and socially aversive content plgoaphs. If startle blink modification
is sensitive to both specific content and arousal, then a@pgrthese potential effects into two

factors will give a clearer indication of their relative ¢ohutions.

The Experiment

The experiment described here attempts to resolve theelites between Studies 3a and 3b by
splitting each emotional category into high and low aroeselditions (equivalent to the high
and medium arousal categories in Cuthbert et al., 19963,tégting whether stimulus intensity
influences startle responding in the same way across spegibtional categories. Once again,
the primary point of interest is the Probe Time manipulatiamd whether stimuli modify the
startle response consistently at early and late Probe Tiffilesse times were the same as in

previous studies in this thesis.

The other change in this study was the use of the State-Tradtefy Inventory (STAI; Spiel-
berger, 1983), which was administered to participants acglof the FSS-II-R measure in this

study. This change occurred primarily because of an eatalysis strategy in which Studies
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3a and 3b were analysed as a single experiment. This analygiested that FSS scores did
not impact on startle modification, and so the STAI was intiadl into the current study to test
whether participants’ anxiety levels influenced the pattfrstartle modification. It has been
suggested that the FSS measure taps into a dimension dionitait anxiety (Cook, 1999), and
so the STAI was expected to fulfill a similar role to the FSSha turrent experiment, while
being a more standardised measure than the FSS. The MQayueste was retained for this

study.
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Method

Participants

The participants were 58 first-year psychology studentdd@ale) at the University of Otago.

Median age was 19 years, with a mean of 20.4 years. All redewarse credit for participating.

Data from one additional participant was excluded from ysialbecause they were receiving
treatment for clinical depression, while another partaiaipdid not contribute data to the study

as they were allergic to the skin preparation solution.

Picture Stimuli

Pictures were chosen for this study to fit into the four catiegoof emotional content used
in Studies 3a and 3b. Each category’s pictures were alsdetivinto high and low arousal
exemplars, corresponding to the high and medium arousefcaes used in Cuthbert et al.
(1996). Pictures used for the positive and neutral categasiere exactly the same as used
by Cuthbert et al. (1996), while for the threat and mutilattbsgust conditions, pictures with
the appropriate content were matched as closely as possildtandardised ratings of valence
(Lang et al., 1999b). Arousal ratings were matched (witlaohearousal condition) across the
positive and the two negative picture categories (see maamgs in Table 16). The pictures
used are listed in Appendix G. An additional 8 positive, 8trayand 6 negative pictures were

included as filler, and startle was never elicited on thesei@s.

Experimental Design

Pictures were divided into three blocks with 24 pictures ptébed, 8 filler) in each block.
Emotional Category, Probe Time, and Arousal were all wigubject factors, with three pic-

tures contributing data to each Emotional Category/Prolme/Arousal condition (a total of 48
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Table 16: Mean Valence and Arousal Ratings for High and Loausal Pictures Used in Study 4.

Arousal Condition

Category  Dimension High Low
Threat Valence 2.87 3.27
Arousal 6.85 5.76
Mutilation Valence 2.07 2.22
Arousal 6.81 5.74
Neutral Valence 5.26 5.14
Arousal 4.35 3.38
Positive Valence 7.47 7.57
Arousal 6.58 5.39

probed pictures). There were four possible Picture Contioing, with startle probes presented
for different combinations of pictures at Probe Times inteatthese. Each Picture Combi-
nation had three possible block presentation orders. GemmdkPicture Combination viewed

were initially included as between-subjects factors inahalysis for each dependent variable.

Due to the large number of startle probes presented durotgrps, only two ITI startle probes
were presented in each of the three blocks, making a totakdTkprobe instances for each

participant.

There was a problem with the SCR recordings in this study. SiGRparticipants showed very
little change in skin conductance level during the coursthefexperiment. It eventuated that
the liquid soap with which participants washed their hamas ¢gsed in previous studies: There
was a change in facilities before this study began) condameisturisers that were probably
occluding changes in sweat gland activation. After the Bestenteen participants, the soap
was changed back to a non-moisturising bar of soap, and thervdd SCRs returned to the

normal range of activity.



166

Procedure

Procedure was the same as for previous experiments, withx#tion cross being presented for
500 ms prior to picture onset (as in Study 3b). The questioesased were the MQ and the

State/Trait Anxiety Inventory (Spielberger, 1983).

Data Analysis

Data analysis was in line with previous experiments in thests. The exclusion criteria were
more than one quarter of all responses falling below¥or blinks, or having zero magnitude
for SCRs. The maximum number of small responses for inatusianalysis was twelve for
both variables . Planned contrasts were performed betweatiénal Categories within each

Probe Time/Arousal condition (e.g., early, low arousahsii).
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Results

Summary of Physiological Variables and Number of Valid iegrants

Participant data for all dependent variables are sumnuhinsgable 17, for each Emotional Cat-

egory averaged across both Probe Times and both levels aBArkoThe number of participants

contributing data to the blink and SCR analyses are also sarmeed within Table 17.

Table 17: Physiological Dependent Variable Means and @tan#rrors, by Emotional Category of
Picture, Averaged Across Probe Time and Arousal.

Physiological measure Positive Neutral Mutilation Threat
Blink magnitude n=42
Raw (V) 59.27 63.07 65.66 71.95
(S.E) (5.49) (5.23) (5.64) (5.48)
Standardised (T-score) 48.12 49.57 50.87 53.11
(S.E) (.32) (.29) (.46) (.44)
Blink latency to peak (ms) 74.27 74.86 74.82 73.87
(S.E) (.93) (.88) (.98) (.91)
SCR magnitude n=39
Raw (uS) 2.02 1.86 2.25 2.74
(S.E) (.28) (.25) (.30) (.40)
Standardised (p of range) .28 .26 .32 .39
(S.E) (.02) (.02) (.02) (.02)
SCR latency to peak (ms) 4102.88 4060.18 4145.71 4237.96
(S.E) (111.81) (108.69) (115.06) (115.26)

Questionnaire Results

Table 18 reports means and standard errors for scores on@heaml the state (STAI-S) and

trait (STAI-T) scores from the STAI. Median scores are aksported for each questionnaire,
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Table 18: Descriptive Statistics for MQ and STAI Questidres, Between Gender.

Questionnaire Females Males All Median
n 25 30 55

MQ 9.47 7.85 8.59 9
(S.E.) (.64) (.92) (.58)

STAI-S 39.26 36.63 37.83 37
(S.E.) (1.83) (1.4) (1.13)

STAI-T 39.94 40.43 40.21 39
(S.E.) (1.85) (1.82) (1.29)

and these medians were used to divide participants intodnghHow score groups for analyses

of blink and SCR magnitude.

For the MQ questionnaire, the interaction between Gend#Pature Combination was signif-
icant,F (3, 47) = 3.49p = .023. In the first Picture Combination, femal®&s € 11.83) scored
higher than malesM = 4.88) on this measurgy = .044; all other comparisong, > .116.
Differences between males and females on the STAI-S and -$Tékre not significant,
Fs (1, 47) = 1.13 and .0fs = .293 and .809, respectively. Neither Picture Combinaéi®
a main effect, nor the interaction between this factor anddee were significant for either

STAl measureFs (3, 47)< 1.27,ps > .298.

Blink Magnitude

In the original model for blink magnitude, Picture Combinatwas not significant as a main
effect or in interaction with any other factor, high&s(9, 102) = 1.71p = .118,¢ = .77. This
factor was removed from the model. In the new model, Gendehd Time, and Arousal did
not appear as main effects or in any two-way interactles(1, 40)< 2.19,ps > .146. The

three-way interaction between these factors approachedisancefF (1, 40) = 3.95p = .054.

Emotional Category was a significant main efféc{3, 120) = 23.63p < .001,e =.79. The in-
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teraction between Emotional Category and Arousal appeshsignificancef- (3, 120) =2.17,
p =.099,e =.94. No other interaction involving Emotional Categorpsagached significance,
Fs (3, 120)< 1.14,ps > .335; epsilon values ranged from .79 to .98. The nature ointiee-
action between Emotional Category and Arousal is coverdti®dylanned contrasts at the two

Probe Times, below, conducted from within the model witH@lir Emotional Categories.

At the early Probe Time (data presented in the top panel afrEig4), both high-arousal threat
and mutilation content blinks were of significantly greateagnitude than positive content
blinks, linearFs (1, 40) =11.06 and 5.1B8s =.002 and .029, respectively. Quadratic trends here
were not significant, indicating linearly increasing blimlagnitude across high arousal positive,
neutral, and negative categories, quadrisc(1, 40) = 2.36 and .27fs = .133 and .605, for
threat and mutilation respectively. For low-arousal stimtithe early Probe Time, threat con-
tent blinks were potentiated relative to positive contdmiks, linearF (1, 40) = 14.8p < .001,
and the absence of a significant quadratic trend for low aldbseat suggested blink inhibi-
tion for positive contents relative to neutral, quadr&i¢l, 40) = 2.15p = .151. As shown in
Figure 34, these two categories did not significantly diffEnere was no difference between
low-arousal mutilation and positive content blinks at tRi®be Time, lineaF (1, 40) = .22,

p=.639.

The bottom panel of Figure 34 represents blink magnituda fitam the late Probe Time con-
dition. The high-arousal threat and mutilation comparssehowed linearly increasing blink
magnitude across positive, neutral, and negative contemesr Fs (1, 40) = 25.62 and 27.63,
bothps < .001, quadrati¢-s (1, 40) = .3 and .0fs = .588 and .793. Low-arousal threat con-
tents showed the same pattern of blink responding; likgar, 40) = 23.35p < .001, quadratic

F (1, 40) = .55,p = .462. For the low-arousal mutilation contents, blink magite was not

potentiated relative to positive contents, lin€afl, 40) = 2.57p=.117.
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Blink Magnitude and Questionnaire Score

The analysis of blink magnitude by MQ score group showed guiitant interactions between
MQ score group and Emotional Category or any other fadter(3, 120)< .85, ps > .449;
epsilon values ranged from .78 to .98. Group sizes were ritgé gqual for the below-median

(n=25) and above-median £ 17) MQ score groups.

For the blink magnitude analysis by State anxiety score enSMAl, interactions between
STAI-S score and Emotional Category were not significkst(3, 120)< 1.2, ps > .315; ep-
silon values ranged from .79 to .99. An interaction betwe€AlI<S score-group and Arousal
approached significance,(1, 40) = 3.62p = .064. The non-significant trend suggested that the
differences in blink magnitude between low and high aropsalres was greater in the high
STAI-S participants than in the low STAI-S participants.elftumber of participants contribut-
ing data to each group was again not quite equal 19 for the low-score groum = 23 for the

high-score group).

A similar pattern was observed for the analysis by Trait atyxscore, with no observed inter-
actions involving Emotional Category and STAI-T scorewgrdrs (3, 120)< 1.61,ps > .194;
epsilon values ranged from .79 to .99. The groups here werel@atical to the STAI-S analy-
sis, with 23 participants in the below-median STAI-T groug 4.9 in the above-median STAI-
T group. The interaction between STAI-T score group and Aabapproached significance,

F (1, 40) = 3.11p =.086, with results in the same direction as for the STAI-8lysis.

Blink Latency to Peak.

For blink latency to peak, all five factors were included ie final analysis model. The only
significant main effect was for Probe TimE, (1, 34) = 22.61p < .001. Probe Time also
produced a significant interaction with Arouskl(1, 34) = 6.22p = .018, as well as a three-
way interaction with Arousal and Picture Combinatiéh(3, 34) = 7.57,p < .001. Blink

latency to peak was generally shorter in the early, comptodtie late, Probe Time. This
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effect was significant for high-arousal pictures in all Bret Combinations but the second, and
for low-arousal pictures in the third Picture Combinatipe,< .014. All other comparisons
within each Picture Combination/Arousal condition weré significant,ps > .334. The four-
way interaction between Probe Time, Arousal, Picture Coition, and Gender approached

significanceF (3, 34) = 2.42p = .083.

Emotional Category was not significant as a main efféet(3, 102) = .94,p = .409,
¢ = .82. The interaction between Emotional Category and Aabapproached significance,

F (3,102) = 2.37p = .095,¢ = .73.

For the planned contrasts at the early Probe Time (uppet paRggure 35), there were no sig-
nificant differences between the low-arousal Emotiona¢é@atiesFs (1, 34)< 2.03,ps > .163.
For the high-arousal pictures at this Probe Time, blinksnduthreat and positive contents
reached their peak more quickly than blinks during neutratents, quadratie (1, 34) = 7.48,
p=.01.

At the late Probe Time (lower panel of Figure 35), low-ard&saotional Category blink laten-
cies were once again not significantly different betweeagatiesfFs (1, 34)< 1.38,ps > .248.

As at the early Probe Time, high-arousal threat and positiwgent blinks reached their peaks
more quickly than neutral content blinks, although thigeffionly approached significance here,

quadratid- (1, 34) =3.5p = .07.

SCR Magnitude

For the analysis of SCR magnitude, all five factors were agaituded in the final model.
Significant main effects were present for Emotional Catggbr(3, 93) = 37.18p < .001,

¢ = .93, and ArousalF (1, 31) = 5.5,p =.026. The main effect for Probe Time approached
significanceF (1, 31) = 3.18p =.084. Emotional Category interacted significantly witlemyv
other variable, and there were also a large number of thesemteractions. These are not

detailed as all were subsumed under a four-way interacgbnden Emotional Category, Probe
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Time, Arousal, and Picture Combinatidn(9, 93) = 2.43p = .016,¢ =.72.

The only interaction not covered by this four-way interastiwas between Gender and
Emotional CategoryF (3, 93) = 6.14,p = .001, ¢ = .93. This interaction is presented
in Figure 36. On average across Probe Times and Arousals|efeinale participants
showed greater SCR magnitude during affective contents filvaneutral contents, quadratic
Fs (1, 31) =31.97 and 18.8, bops < .001, for threat and mutilation respectively. SCR magni-
tude was also greater during negative than positive cagitieméarFs (1, 31) = 30.02 and 12.95,
both ps < .002, for threat and mutilation contrasts respectivelyr fale participants, SCR
magnitude was enhanced for threat contents only, likgdr, 31) = 18.37p < .001. As can be
seen in Figure 36, positive content SCRs did not differ fragatral. Contrasts for mutilation
contents were not significant for male participafis(1, 31) =.25and 1.9ps =.618 and .176,

for linear and quadratic respectively.

The planned comparisons for SCR magnitude are reportesviveiih the understanding that

the four-way interaction limits these findings to certainttie Combinations. The data for the
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early Probe Time are presented in the top panel of Figure &%; for the late Probe Time are

in the bottom panel of the same figure.

For the low-arousal pictures at the early Probe Time, batbathand mutilation content SCR
magnitudes were potentiated relative to positve (1, 31) = 14.52 and 37.89, bgtk < .001.
SCR magnitudes during positive contents were not signitigdifferent from neutral, as can be
seen in the top panel of Figure 37; mutilation quadrit{d, 31) = 7.27p = .011. High-arousal
picture SCR magnitudes at the early Probe Time were potedtiar affective compared to
neutral contents, quadratis (1, 31) = 15.02 and 6.29, bopis < .018,F values for threat and
mutilation contrasts respectively. There were no diffee=nin SCR magnitude between either
negative category and the positive category, liesafl, 31) = 1.36 and 1.4ps = .253 and .235,

for threat and mutilation respectively.

For low-arousal pictures at the late Probe Time, both thesat mutilation content SCRs
were of greater magnitude than positive content SCRs, rliRea(l, 31) = 28.36 and 4.45,
both ps < .044. The quadratic trend for threat was also significand, @ can be seen in
the bottom panel of Figure 37, SCRs for positive pictureseweot significantly different
from neutral,F (1, 31) = 9.97,p = .004. High-arousal picture SCRs were greater for threat
than positive contents here, linelar(1, 31) = 15.58p < .001. A significant quadratic trend
for threat contents showed that positive SCR magnitudes wet lower than neutral SCRs,

F (1, 31) = 15.34p < .001. Neither contrast for high-arousal mutilation cotdemas signifi-

cant,Fs (1, 31)< 1.84,ps > .185.

The interaction between Emotional Category, Probe Timeusal, and Picture Combination
was tested by decomposing the ANOVA into smaller analyséattigg from the full model,

responses were analysed in separate ANOVAs for the earlyaé@mdProbe Times, as the late
Probe Time SCR data were probably not accurate. Group sizéddture Combination were

approximately equal (9 participants in the first group, 1Qip@ants in the other three groups).

At the early Probe Time, the interaction between EmotiorateGory, Arousal, and Picture
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Combination was significan (9, 93) = 2.31,p = .028,¢ = .88. Separate ANOVAs were
performed on SCR magnitude for the two Arousal conditiongh) i#motional Category and
Picture Combination as factors. For the high-arousal cagi¢here was no interaction between
Emotional Category and Picture Combinatién(3, 93) = 1.66p = .127,¢ = .82. These data

have also been described in the planned contrast analysis.

For the low-arousal condition, the interaction between &omal Category and Picture Combi-
nation approached significande(9, 93) = 1.91p = .074,¢ = .83. The low-arousal SCR mag-
nitude data were then analysed separately for each Pictumdi@ation, the results of which are
summarised without reporting of the statistical valuesnRed contrasts (linear and quadratic)
were tested between the levels of Emotional Category at lbapility level of .05, and can
be summarised as follows: Picture Combinations 2 and 4 hadreed SCRs for both threat
and mutilation low-arousal contents relative to positi@@mbinations 2 and 3 had enhanced
SCRs for mutilation contents only; and Combination 2 wasahly group showing any SCR

enhancement for low-arousal positive contents relativestaral.

At the late Probe Time, there was a significant interactiotwben Emotional Category,
Arousal, and Picture Combinatiof, (9, 93) = 2.76,p = .009, ¢ = .9. Separate ANOVASs
were then performed on the high- and low-arousal picturpaeses. For the high-arousal
responses, there was no significant interaction betweerti&mab Category and Picture Com-
bination,F (9, 93) = 1.2,p = .308,¢ = .9. The differences between Emotional Categories at
this Probe Time have already been described in the plannsidasd analysis. For the low-
arousal contents, there was a significant interaction etviiEemotional Category and Picture
CombinationF (9, 93) = 3.62p = .001,¢ = .87. The low-arousal SCR magnitude data were
then analysed separately for each Picture Combinationiethdts of which are summarised
without reporting of the statistical values. Planned casts (linear and quadratic) were tested
between the levels of Emotional Category at a probabilirgllef .05, and can be summarised
as follows: Threat content SCRs were enhanced relativeutraleand positive content SCRs
for Picture Combinations 1, 2, and 3, and SCR enhancementetadserved for mutilation or

positive contents in any of these groups; there were nofgsgni contrasts in the fourth Picture
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Combination.

To sum up these results: SCR modification for high-arousaterds was consistent between
Picture Combinations at the early and late Probe Times.yEZIR enhancement was con-
sistently observed in all Picture Combinations for lowtegal mutilation contents, but not for
low-arousal threat contents. Low-arousal content SCR receéraent at the late Probe Time
was limited to threat contents, and one Picture Combinatimwed no differences between

Emotional Categories here.

SCR Magnitude by Questionnaire Score.

Questionnaire data were missing for one participant iredud the general SCR analysis, and
so the totaln for these analyses was 38. For the analysis of SCR magnitydéC score,
the number of participants in the loma & 24) and high-scoren(= 14) groups was uneven.
The ANOVA also indicated an interaction between Emotionatiegory and MQ score-group,
F (3, 108) = 3.03p = .035,¢ = .95. Further ANOVAs were performed separately for the low

and high MQ score groups, with Emotional Category, ProbeeTemd Arousal as factors.

For the below-median MQ group, there were significant mafieces for both Emotional Cat-
egory, F (3, 69) = 11.99,p < .001, ¢ = .89, and for ArousalF (1, 23) = 9.13,p = .006.
These factors also produced a significant interacttor{3, 69) = 6.09,p = .002, ¢ = .81.
The interaction between Emotional Category and Arousaltiiese low MQ-score partici-
pants is shown in Figure 38. Averaged over both Probe Tinwg;arousal content SCRs
increased across positive, neutral, and negative for bogat and mutilation contents, respec-
tive Fs (1, 23) = 22.17 and 12.88, bopls < .002. Positive content SCRs were not larger than
neutral SCRs, quadratfes (1, 23) = .99 and .2fs = .33 and .606, for threat and mutilation
contrasts respectively. For high-arousal contents, SCBnimale was greater for threat and
positive contents than for neutral, quadrdtidl, 23) = 15.09p < .001. As can be seen in
Figure 38, mutilation content SCRs were not significantijedent from neutral, and were of

smaller magnitude than positive content SCRs, likefl, 23) = 5.59p = .027.
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tents, for below-median MQ score participants, on average Brobe Time. Error bars indicate one
standard error. Dotted line indicates mean level of ITI ceses.

For the above-median MQ score participants, there was #isagmt main effect for Emotional
Category,F (3, 39) = 22.01p < .001,¢ = .94. No higher order interaction was significant,
highestF (3, 39) = 1.45p = .251,¢ = .77, for interaction of Probe Time and Emotional Cat-
egory. In this high-MQ group, affective content SCRs wergfater magnitude than neutral
(M =.234) contents, quadratis (1, 13) = 27.6 and 18.82, bgtks < .001 for threat and mutila-
tion contrasts respectively. Thredd € .405) and mutilationNl = .347) content SCRs were also
significantly larger than positive content SCR$ € .277), linearFs (1, 13) = 32.95 and 7.7,
bothps < .016.

Both the analysis of SCR magnitude by STAI-S score and STAEdre (19 participants in
both the high- and low-score groups in each analysis) dighotv any significant interactions
involving questionnaire score and Emotional Category,imar Fs (3, 108) = 2.09 and .96,

ps =.126 and .40%, = .73 and .92, in the STAI-S and STAI-T analyses respectively
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SCR Latency to Peak

Gender was removed from the model for SCR latency to peakulecia did not reach sig-
nificance as a main effect or as an interaction; the closésttef/ias the interaction between
Gender, Emotional Category, Probe Time, and Picture Coatibim,F (9, 93) = 1.64p = .127,

e =.87.

In the new model, there was a significant main effect for Piiobee, F (1, 35) = 28.33p < .001,
and an interaction between Probe Time and Picture Combmati(1, 35) = 4.76,p = .007.
SCRs generally reached their peak more quickly for latelstprobe presentations than for
early presentations; this difference was only significamtthe fourth Picture Combination,
p < .001. There was also a significant main effect for EmotiorateGory and an interaction
between Emotional Category and Probe Tife (3, 105) = 5.67 and 3.1ps = .002 and .032,
¢ = .87 and .91. This interaction is covered under the planoedoarisons below. Figure 39
presents SCR latency to peak data broken down by Emotiorteh®g, Arousal, and Probe

Time.

At the early Probe Time (data in the upper panel of Figure B®y;arousal threat and mu-

tilation content SCRs reached their peak more slowly thariraband positive contents; lin-

earFs (1, 35) = 6.06 and 4.33s = .019 and .045; quadraties (1, 35) = 11.26 and 7.91,

ps =.002 and .008; for threat and mutilation, respectivety.itgh-arousal content early probes,
SCR latencies to peak were faster for neutral than affecoments, quadraties (1, 35)> 9.47,

ps < .005 for threat and mutilation contrasts.

For late Probe Time SCR latencies to peak (lower panel of rBi@9), no contrasts were
significant for low-arousal pictures;s (1, 35)< .83, ps > .369. For high-arousal pictures,
mutilation and positive content SCRs reached their pealerqaickly than neutral, quadratic

F (1, 35) = 4.8p=.035. No other contrasts were significans, (1, 35)< 2.64,ps > .113.
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182

Discussion

Blink Magnitude

The blink magnitude results for this study showed early pi¢ion for high-arousal threat and
mutilation contents, as well as for low-arousal threat eats. The same effects were apparent
for the late Probe Time. The low-arousal mutilation cordetitl not potentiate startle at either

Probe Time.

These results suggest that the observed effects in StudyeBbdue either to an inappropriate
picture set or a sampling error, but there is still no expi@mafor the anomalous early startle

modification observed in that study.

Startle modification was consistent between early and tagges of picture viewing, and a spe-
cific sub-category of negative pictures, the low-arousdilation contents, showed no startle
modification at either Probe Time. The late Probe Time blirdgmtude result for low-arousal
mutilation contents is consistent with Cuthbert et al. @9¢his category corresponding to their
medium arousal negative category. This study shows thadftbets of varying the arousal di-
mension depend on the specific emotional content of negpiiteres. Firstly, the effects of
varying arousal on blink magnitude was apparent only forilatidn content pictures. High-
arousal, but not low-arousal, mutilation contents poteat startle, and these effects were con-
sistent at the two Probe Times. This effect suggests thariesal manipulation in Cuthbert
et al. (1996) was confounded with specific emotional caiegpas hypothesised in the intro-

duction. Low-arousal positive content blinks were not bited at the early Probe Time.

Secondly, blink magnitude results were consistent betwreeaarly and late Probe Time, which
suggests that low-arousal, non-threat negative pictunéeots may be responsible for the lack
of early startle potentiation generally reported in therature, as summarised in the introduc-
tions to this study and Study 3. More specific testing of tlisuanption requires the use of

negative emotional categories other than threat/fear artdation/disgust.
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What is problematic about this conclusion is that most gnevistudies on the time course of
startle modification (e.g., Bradley, Cuthbert, & Lang, 1p88owed inconsistent results for neg-
ative content blinks between early and late stages of @otigwing — inhibition at 300 ms,
potentiation during later stages. This suggests that socheres will potentiate startle at a late
stage of picture viewing, but not at an early stage. As pgcaigsignment to probe time condi-
tions is usually randomised, it would be unlikely that pomis studies had uneven distributions
of specific content type or arousal groups in their diffegnotoe time conditions, which might
have explained these results. This leaves the hypothegishire are some negative picture
contents, as yet not identified, for which startle will be grdtated at a late stage of picture
viewing but not an early stage. This seems unpalatable.elémscerns will be covered in the

General Discussion.

Blink Magnitude and Fear/Anxiety

The analysis of blink magnitude by questionnaire score didshow any effects of fear group
(i.e., by MQ score) or anxiety group (i.e., by STAI-S or STRI-on valence modification of

startle. There was some evidence that low-anxiety paditg(as defined by either of the STAI
measures) showed a greater difference in the magnitudentf ielsponses for high compared

to low arousal stimuli (averaged over Emotional Categdmgnthigh-anxiety participants.

Cook (1999) reported that participants who scored reltiev on measures of fear (as op-
posed to anxiety, measured in the present study) showeklibhibition for affective contents

(i.e., both positive and negative arousing pictures) redab neutral: Startle modification is
driven by arousal, rather than valence, for these partitg@Cook, Goates, Hawk, & Palmatier,

1996, cited in Cook, 1999, p. 195-198).

The results of the current study suggest that emotional fication of startle is the same for
high- and low-anxiety participants, but that low-anxietdividuals are more responsive to the
intensity dimension of the stimuli. This could indicatetthagher anxiety participants respond

in the same way to a wider range of stimuli, with similar resg®magnitudes to high and low
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arousal stimuli. It is impossible to attribute this effectdither heightened responsitivity for
low-arousal stimuli, or diminished responsitivity for higarousal stimuli. Similarly, for low-
anxiety individuals, changes in response levels betwesusal conditions cannot be attributed

to differential sensitivity at one, but not the other, leg€intensity.

Testing participants specifically preselected for low aghhanxiety levels would be a more
powerful design for testing these differences, and alsdefsting whether differences between
these anxiety groups in responding to high and low arousalu$itis generalised across all
pictures (as suggested by the current results) or is spazifertain emotional contents (e.g., to

negative but not positive contents).

Skin Conductance

The SCR magnitude results were limited to specific Picturem@oations. Considering just
the early Probe Time data, both negative content categames associated with enhanced
SCR magnitudes, regardless of arousal condition. Positiméents only produced potentiated
SCR magnitude for high-arousal contents. An interactiahiciated that SCR potentiation for

mutilation contents only occurred for female participants

At the late Probe Time, threat content SCR magnitudes werarexed for both low- and high-
arousal pictures. Mutilation content SCRs were of greatagmitude than neutral for low-
arousal pictures only. The SCR magnitude analysis by MQesgayup revealed some further
points that relate to the issues previously raised (mamlthe discussion to Study 2) about

problems in calculation SCR modification at the late Prolve€Ti

An interaction between Emotional Category, Probe Time,uaab, and Picture Combination
suggested that these effects were not consistently olusemar all of the Picture Combina-
tion groups. Decomposing the ANOVA found that SCR enhancemas consistent between
these groups for high-arousal contents, but not for lowusabcontents. For early Probe Time

low-arousal content data, only mutilation content SCRsavsemsistently enhanced relative to
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neutral SCRs over all Picture Combinations. At the late Prbine, low-arousal content SCR

enhancement was observed for threat contents in three &duh®icture Combination groups.

The below-median MQ score group showed greater SCR magnfardmutilation contents

relative to neutral, but only for low-arousal contents faged over Probe Time). It is unrea-
sonable to assume that individuals with low levels of mtiblafear will be less responsive on
skin conductance with increases in the intensity of mutitastimuli, as SCRs should increase

with subjective arousal (Cuthbert et al., 1996).

Combining this with the fact that, across the entire sanipte,probe SCRs during mutilation
contents were only enhanced relative to neutral for lovusabpictures, there is more evidence
here to suggest that SCRs to the picture content are integfeith the recording/calculation of

SCR maghnitude for the late startle probe.

Mutilation picture contents usually produce greater magla SCRs than human (but not an-
imal) attack pictures (Bradley, Codispoti, Cuthbert, & ga2001). Presuming that responses
to high-arousal mutilation picture contents (in the absenfcstartle probe presentation) should
be greater than for any other content/arousal conditian|abk of late probe SCR differences
between these contents and neutral provides the strorggpsall basis yet for the hypothesis
that SCRs to picture content alone are influencing calausiatof late Probe Time startle SCR

magnitudes, at least in this laboratory.

The SCR latency to peak data support this hypothesis in #ta@tRrobe Time, high-arousal
mutilation content SCRs reached their peak more quickly treutral SCRs, while early Probe
Time mutilation and threat content SCRs were slower to reaeln peaks. These results are
consistent with the idea (raised in the discussion to Stayt8at shortened latency to peak for

late Probe Time SCRs indicates the presence of a previous&QiBture onset.
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Blink Latency to Peak

There was some consistency in the observed blink latenzipsak in this study. Low-arousal
content latencies to peak were no different in comparisethwéen Emotional Category at either
Probe Time. High-arousal threat and positive content Blidached peak more quickly than
neutral blinks at the early Probe Time, although this apgned significance at the late stage
of picture viewing. The difference observed here betwegndond high arousal blink latency
patterns may explain the lack of consistent differencegeéwipus studies of this thesis, where
picture category contents were mixed in arousal qualittes.interesting to note that latencies
to peak for mutilation content blinks were never signifitgrifferent from neutral, indicating
either a lack of facilitation of blink speed or greater véiidy in blink responding for these

contents.

Combining Blink Response and SCR Results

When considering early Probe Time data only, low-arousdllation content SCRs were en-
hanced relative to neutral, while blink magnitude was n@atentiated for these pictures. This
seems to indicate a different pattern of response outplitsviog processing of these pictures
compared to the other negative contents in this study (tlee#ents, and high-arousal mutila-
tion contents), so that skin conductance is modulated atiesresponding is not. Hamm et al.
(1997) observed the same result for low mutilation-featipigants: SCRs were enhanced, but
blink magnitude was at the same level as neutral. High ntigtilefear participants showed
both SCR and blink potentiation for these picture conteiitsese participants tended to rate
the mutilation contents as primarily ‘fearful’ more freoquly than the low mutilation fear par-
ticipants (true for 19% of high-fear participants, comphte 6.3% of low-fear participants),
although most high mutilation-fear participants ratedsthpictures as primarily ‘disgusting’
(70% of these participants; Hamm et al., 1997). It is posdivht only fear-evoking mutilation
content pictures potentiate startle, and that the hightyising condition mutilation pictures in

the present study contained a higher proportion of suchi@stthan the low-arousal condition.
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Summary

The experiment showed consistent patterns of startle nelspg between early and late Probe
Times. This occurred with the use of a pre-picture fixatiomp¢compare Study 3b). The
results suggested that arousal effects on startle potientdiffer by specific emotional content.
The low-arousal mutilation content pictures failed to piste startle at either Probe Time,
while a matched low-arousal threat content condition piedésd startle at both Probe Times.
Fear-evoking characteristics of mutilation stimuli weregosed as a possible mediating factor

for these differences.

This is the third study in this thesis showing startle patditn for one or more negative picture
categories at a 300 ms Probe Time. The next study introdupes$iae complexity manipula-

tion, as well as measuring startle responding to an evereeprbbe time (150 ms).
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Study 5

Several of the preceding studies in this thesis have prdwsdeporting evidence for emotional
modification of startle within 300 ms of picture onset. Thédwing study used a shorter pic-
ture to probe onset latency (150 ms) to test whether stadidifioation is apparent at an even
earlier stage of processing. Previous studies looking @ietimes earlier than 300 ms have
encountered some methodological problems (detailed belawvare avoided in the present de-
sign. The design also included a stimulus-complexity malaigon to test how this factor affects
processing of emotional stimuli. The pictures presenteckwéher full-colour photographs or

black and white silhouettes of a target object (e.g., spifdek, flower).

Experimental Precedents

Startle Modification at Probe Times Earlier than 300 Millceads

Two published studies have elicited the startle probe evaitian 300 ms after picture onset.
Globisch et al. (1999) used a 120 ms probe time condition iobmat find any effects of emo-
tional content on responding: Picture presentation gdigesiecited a blink reflex, and acoustic
probe presentation at 120 ms produced a second reflex thaupasmposed on the initial re-
flex to picture onset. These very early blinks were potesdiaélative to ITI blinks, suggesting
that the blink magnitude calculated at the 120 ms probe tim®tvus a summated response to

two separate stimuli (Globisch et al., 1999).

This is perhaps indicative of methodological differencesigen studies using traditional slide
presentation procedures (e.g., Globisch et al., 1999) lamektthat use computer monitors to
present picture stimuli (e.g., the studies in this thesis)the studies reported in this thesis,

blink reflexes to picture onset were very rare (based on tabsarvation by the author during
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data collection; a systematic investigation of this issegarding data from the current study
Is presented in the discussion). The underlying reasorhfsrprobably lies in the change in
overall contrast between ITI intervals and picture presos. It may be the case that these
changes in contrast are more extreme for traditional slrdsgntations (for example, a slide
projected onto a white wall, as in Globisch et al., 1999) tfrarcomputer presentation (in this
thesis, the ITI display was a black screen), and this woupdleex differences in blink respond-
ing to picture onset. Slide projectors are usually acoabyiésolated from the participant; this

makes it unlikely that blinks to picture onset are causeddigenfrom the projector.

Blink reflexes due to picture onset present a major problertekiing early startle reflex modi-

fication, and this issue is taken up at some length in the gsson for this study.

A second study including a 120 ms probe time (Vanman et a@8)Lfbund differential startle

blink responding for negative and positive stimuli at theswearly probe time, although only
for participants scoring highly on the BDI measure of depigas This experiment has already
been criticised in Chapter 3 for two reasons: (a) no neutcalige condition was included, and
so it is unclear whether differences between positive amgtinge stimulus blinks are due to
inhibition, potentiation, or both, and (b) participanteyewed the pictures prior to the startle

elicitation section of the experiment, to allow an attendbmanipulation.

Given these objections, the results of this experimentareanclusive with regards to whether
this very early startle modification in these high BDI-scpeeticipants is caused by negative
or positive pictures, or the extent to which this effect isdméed by picture previewing. It

does suggest that some kind of emotional startle reflex neatidin can occur by 120 ms after

picture onset.

Startle Modification During Simplified Picture Contents

Although not investigating the time course of startle madifion, Bradley, Codispoti, Cuth-

bert, and Lang (2001, described in some detail in the intcbdn to Study 3) included one
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experimental manipulation that is relevant to the curraudys Half of their participants viewed
full-colour, standard IAPS images, while the other halfneel grayscale versions of the same
images (i.e., black and white). The colour versus black ahilendistinction did not influence
any of the emotional response systems they measured épelfty startle blink magnitude, other

physiological systems).

Experimental Design and Picture Selection

Study 5 leaves behind the issue of emotional specificityantlst potentiation to look at how
the complexity of a visual stimulus influences emotionattianodification. The experiment
itself used a sample of moderate to high spider-fear ppédids, and compared startle reflex

modification between complex, full-colour photographs amaple, monotone silhouettes.

The negative category was comprised of spiders becaudee&® stimuli are easily recognisable
in silhouette form (compare a gun being pointed at the s¢reenl (b) as a negative stimulus,
there is a significant proportion of the population who finédsp stimuli aversive (compare

shakes). The study was limited to female participants wothes fear of spiders.

The primary differences between the full colour photogsagid the silhouettes are the removal
of the background from the target object, the absence ofaoycinformation, and the removal

of fine detail on the target foreground (e.g., markings, stggd

The experiment retains the early and late startle probe adetbgy used in other studies in
this thesis, except the earliest startle probe was presantE50 ms rather than 300 ms, and is
referred to as the ‘very early’ Probe Time in the followingsens. Logically, if early startle
modification is mediated by both emotional content and &itieal capacity, then startle mod-
ification by emotional content may be apparent at this verlyesiage of picture viewing for
simple images but not for complex images. It is also posghde emotional modification of
startle will not be apparent by 150 ms, regardless of piatoraplexity. The differential startle

observed by Vanman et al. (1998) suggests that startle roatiiin may be observed by this
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probe time, and the inclusion of the complexity manipulatinay increase the likelihood of

observing such effects.

The late probe time period was retained in this experimeahézk on startle modification after
several seconds of picture viewing. Two characteristich®stimuli emphasise the importance
of this. Firstly, silhouettes have not previously been usestartle modification experiments,
and it is possible that these ‘simplified’ stimuli may not leealrstic enough to engender startle
modification. Presentation of a picture of a spider is nol@y@us to presenting an actual
spider, and it would be expected that fear responses to theefowould be less intense. A
spider silhouette is even further removed from a real spatst it is reasonable to assume that

fear responses to such a stimulus might be less intenseltbaa to more realistic images.

This consideration of stimulus ‘naturalism’ is concerneatewith responding when the picture
has been viewed for several seconds. At very early stagestaf@viewing we might anticipate
more equivocal levels of responding to silhouette and girajghic stimuli. The experiment

asks the following questions:

1. Do silhouettes of spiders elicit the same degree of defeqseparedness (indexed by the

startle reflex) as full-colour photographs?

2. Does the removal of extraneous visual information (bemkigd, colour, and fine detail) allow

faster activation of startle modification circuits?
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Method

Participants

The participants were 45 female psychology students at tineelsity of Otago, with a median
age of 19 yeardy = 19.69 years). Participants were assigned to the expetifrtary scored a

3 or higher on the ‘spider’ fear item of the FSS-1I-R (see Amgliz C), which was administered
at the outset of the experiment. Those who scored below 3ientém were assigned to a

different experiment (not reported in this thesis).

Data for each participant were included in the analyseslf thad a score of 5 or higher (out of
31) on the SPQ measure of spider fear (Appendix B), this b#agnedian SPQ score for the
64 females who completed the SPQ questionnaire in Study is. &t a pool of data from 42

participants who met these criteria.

Picture Stimuli

Each picture belonged to one of three emotional categddesitive (food and flower stimuli),
neutral (household objects, mushrooms), and spider stiléath of these three categories was
divided into 2 subcategories, simple and complex picturBsere were six pictures in each

subcategory.

Simple pictures were white silhouettes of the target ol{edt., an apple, a hammer, a spider)
on a black background. These are presented in miniature jpedgix H. The appendix notes

the silhouettes that were created for this study from phatags taken by the author, and the
IAPS numbers of the photographs from which the remainifgpsikttes were adapted. Figure

40 presents an example from each of the Emotional Categasegsin this study.

The complex pictures were generally IAPS pictures with Eingontents to the silhouette im-

ages, and these are listed and described in Table H1 of AppendSome new photographs
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Figure 4Q Spider (top panel), neutral (middle panel), and posith@ttom panel) condition silhouettes
used in Study 5.
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in the complex/positive condition were taken by the autbaltow closer matching of materi-
als to the simple condition silhouettes. Other picturesawWereground objects (e.g., a banana)
superimposed on an IAPS background (e.g., a checkerbotiedrpa Details are listed in Ap-

pendix H, where filler pictures are also listed in Table H2.

Experimental Design

Startle probes were presented at the 150 ms very early Proteefdr half of the pictures in each
Probe Time/Complexity condition, with the remainder bemmgbed between 2 and 5 seconds
after picture onset. An additional twelve full-colour IARfiotographs (4 each of positive,
neutral, and negative content) were included as filler dtioruwhich startle probes were never

presented. These pictures are also listed in Appendix H.

Pictures were divided into three blocks, with equal numloérgositive, neutral, spider, and
filler content pictures in each block. The number of simmeiplex and early/late Probe Time
instances were also equal between blocks, so that each d@otcained one picture from each
Emotional Category/Probe Time/Complexity condition. Agle ITI startle probe was pre-

sented in each block.

There were two possible Picture Combinations, with eartylate probes assigned to different
pictures in each combination. For both picture combinatidhere were three possible block

presentation orders.

Exclusion Criteria, Analysis, and Standardisation

Exclusion criteria were different for this study than foepious studies. The following change
was made so as to better identify participants with missiig dor cells in the design. Data
from participants meeting the SPQ inclusion criterion waotuded in the blink and SCR anal-
yses only if each condition (Emotional Category by Probedlmy Complexity) contained at

least two adequate responses, from the three possiblensspo each condition. Adequate
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responses were defined as in previous studies, being nah&s40uV in magnitude for blink

responses, and greater than zero magnitude for SCRs.

The new exclusion criteria discriminates between paricip who show small responses across
the experiment as a whole (who may have been excluded ureletdleriteria), and those who

are missing data in specific conditions.

For the analysis of blink and skin conductance responsesyreiCombination was the sole
between-subjects factor. Emotional Category, Probe Tand, Complexity were all within-
subjects factors. Planned comparisons between the lef/&motional Category were per-

formed in each Probe Time/Complexity condition.

For the analyses of blink and SCR magnitude by questionsaoee, median splits on the FSS

and SPQ measures were used as between-subjects factors.
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Table 19 presents means and standard errors for all vasiabb®rded in this study, for the

positive, neutral, and spider picture conditions. Dataefach emotional category are averaged

across Probe Times and Complexity conditions.

Table 19: Physiological Dependent Variable Means and @tan8rrors, by Emotional Category of

Picture, Averaged Across Probe Time and Complexity.

Physiological measure Positive Neutral Spiders
Blink magnitude n=37
Raw V) 91.44 93.51 97.54
(S.E.) 7.92 7.92 8.39
Standardised (T-score) 49.36 50.08 51.08
(S.E.) (.37) (.43) (.42)
Blink latency to peak (ms) 69.80 71.32 70.95
(S.E.) (1.15) (1.28) (1.18)
SCR magnitude n=18
Raw (uS) 2.63 2.64 2.96
(S.E) (.40) (.36) (.41)
Standardised (p of range) .37 .37 41
(S.E) (.04) (.04) (.04)
SCR latency to peak (ms) 4070.87 4088.84 4096.52
(S.E.) (96.19) (108.18) (121.19)

Questionnaire Scores

Table 20 presents means, standard errors and medians f&PQeand FSS questionnaires.

These were calculated for all participants who met the SRfibdity criteria for this study (i.e.,

those with a score greater than five), and so representsttigtml of participants available
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Table 20: Descriptive Statistics for SPQ and FSS Questimsdor Participants Meeting the SPQ Score
Criterion.

Questionnaire Mean Median

SPQ 13.67 13
(S.E)) (.76)

FSS 121.17 120.5
(S.E.) (3.65)

prior to assessment of the blink and SCR exclusion critaria42). Neither SPQ nor FSS scores
differed between the two Picture CombinatioRs, (1, 40) = .81 and 1.3%s = .373 and .253,

respectively.

Blink Magnitude

The first ANOVA model for blink magnitude contained Emotib@ategory, Probe Time, and
Picture Complexity as within-subject factors, and PictGa@mbination as a between-subject
factor. Picture Combination was not significant as a maiacefér as an interaction and was

removed from the model, highdst(1, 35) =2.51p=.122.

In the new model, there were significant main effects for Brdbme, F (1, 36) = 18.49,
p < .001, and Emotional Categork, (2, 72) = 3.22,p = .047,¢ = .99. Blinks were larger
at the late Probe TimeéM = 51.96) compared to the very-early Probe Tirve%£ 48.39). The
main effect for Complexity approached significan€€l, 36) = 2.98p = .093. Interactions be-
tween Emotional Category, Probe Time, and Complexity weteignificantFs (2, 27)< 1.76,

ps > .18; epsilon values ranged from .89 to .97.

Planned comparisons between Emotional Category within Baabe Time/Complexity condi-
tion were not significantts (1, 36)< 1.71,ps > .2. The exception to this was for complex

pictures at the very-early Probe Time, lindar(1, 36) = 8.71,p = .006. This result indi-
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cated significant blink inhibition for complex positive fuices (relative to complex neutral pic-
tures) at the very-early Probe Time. The quadratic trentiisi¢ondition was not significant,

F (1, 36) =2.84p=.1. These data are presented in Figure 41.

For planned comparisons between the levels of Emotionadoay, on average over Probe
Time and Complexity (i.e., within the significant main etiedhere was a significant linear
trend, with increasing blink magnitude across the positregitral, and spider categories, linear

F (1,36) = 7.11p = .011; quadrati€ (1, 36) = .05p = .817.

Blink Magnitude and SPQ score

Incorporating a median split on the SPQ measure into the AN@ddel for blink magnitude
did not produce any interactions involving SPQ score-grbighest (2, 70) =2.19p = .122,
e = .96. Group sizes were not quite equal for the two grounps @2 for the below-median

condition,n = 15 for the above-median condition).

Blink Magnitude and FSS score

The following analysis incorporated a median split on FSB8esas a between-subjects variable.
There was a significant interaction between Emotional CayedProbe Time, and FSS score-
group,F (2, 70) = 3.6,p = .035,¢ = .95. Separate ANOVAs were then performed for the low

and high FSS-score participants.

For the low FSS-score participants £ 22), the interaction between Emotional Category and
Probe Time was significanE (2, 42) = 4.15p = .024,¢ = .96. As can be seen in Figure
42, at the very-early Probe Time blink magnitude increagedss positive, neutral, and spider
contents, lineaF (1, 21) = 14.81p < .001; quadratid= (1, 21) = .55,p = .465. At the late
Probe Time, neither contrast was significdrg,(1, 21) = .18 and 2.6%s = .672 and .121, for

linear and quadratic contrasts respectively.
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For the high FSS-score participants{15), there was neither a main effect for Emotional Cat-
egory, nor any significant interaction between EmotionaeGary, Probe Time, or Complexity,
Fs (2, 28)< 1.07,ps > .348; epsilon values ranged from .84 to .96. These partitgdata for

the Emotional Category by Probe Time interaction are ppetlan Figure 43.

Blink Latency to Peak

In the initial analysis of blink latency to peak, there wew significant effects or interac-
tions involving Picture Combinatiorss (1, 70)< 1.41,ps > .77, epsilon values ranged from
.77 t0 .99. In the model containing only Emotional Categésobe Time, and Complexity,
there were significant main effects for Probe TifRg1, 36) = 36.43p < .001, and Emotional
CategoryF (2, 72) =4.27p = .018,¢ = .99. Blinks reached their peak faster at the very-early
(M =68.12 ms) compared to the late & 73.26 ms) Probe Time, on average over Emotional

Category and Complexity.

For the planned comparisons in each Probe Time/Compleaitdition, simple pictures at the
late Probe Time showed a linear trend that approached signde F (1, 36) = 3.51p = .0609.
The quadratic trend for complex pictures at the very-earpE Time also approached signifi-
canceF (1, 36) =3.5p=.07. No other contrasts were significafs, (1, 36)< 1.85,ps > .183.

These data are portrayed in Figure 44.

Averaged across Probe Time and Complexity, blinks generadiched their peak more quickly
for spiders than neutral or positive contents, lin€afl, 36) = 4.14,p = .049; quadratic

F (1, 36) =4.44p = .042. These data are presented in Figure 45.
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SCR Maghnitude

The model for the SCR magnitude ANOVA included all four indegdent factors. There were
significant main effects for Emotional CategoFy(2, 32) = 4.06p = .03, ¢ = .94, and Probe
Time, F (1, 16) = 12.92p = .002. The main effect for Complexity approached signifcegn
F (1, 16) = 3.28p = .089.

The four-way interaction between these within-subjectsoid and Picture Combination was
also significantF (2, 32) = 7.67p = .003. Separate ANOVAs for the within-subjects factors

were performed for each of the two Picture Combinations.

For the first Picture Combination € 9), there was a significant interaction between Emotional
Category, Probe Time, and ComplexiBy,(2, 16) = 4.39p = .032,¢ = .96. This interaction
is shown in Figure 46. None of the contrasts within each Pilbee/Complexity condition
were significant; for simple picture contrasks (1, 8)< 3.36,ps > .104; for complex picture

contrastsFs (1, 8)< 1.87,ps > .209.
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For the second Picture CombinationH9), the interaction between Emotional Category, Probe
Time, and Complexity approached significan€e(2, 16) = 3.44,p = .089, ¢ = .61. The
interaction between Emotional Category and Probe Time vwggsfisant, and this interaction

Is displayed in Figure 47 (2, 16) = 3.81p = .046,¢ = .97. Planned comparisons between
the levels of Emotional Category were performed at eachdfioime. Neither contrast was
significant at the very-early Probe TimEs (1, 8) = 1.17 and 2.01ps = .31 and .194, for
linear and quadratic trends respectively. At the late Pfibee, SCR magnitude was greater
for spider pictures than for positive pictures, lin€afl, 8) = 5.61,p = .045. Neutral category

SCR magnitudes fell between spider and positive respogeasdyatid= (1, 8) =.01,p = .92.

SCR magnitude and SPQ score

Incorporating a median split on the SPQ measure into the AN@Wddel for SCR magnitude
did not produce any interactions involving SPQ score-grbighest (2, 32) =1.93p = .171,

¢ = .81. Group sizes were once again not quite equal for the teops ( = 8 for the below-
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median conditionn = 10 for the above-median condition).

SCR magnitude and FSS questionnaire scores

The following analysis included a median split on the FSSstjaanaire. Group sizes were not
quite equal for the below-median € 7) and above-mediam & 11) groups. The main effect
for FSS score-group approached significarie€l, 16) = 3.17,p = .094. This factor did not
interact with Emotional Category in any interaction, higtie (2, 32) = 2.28p = .15, ¢ = .86,

for the interaction of Emotional Category, Complexity, &f8lS score-group.

SCR latency to peak

The ANOVA model for SCR latency to peak included all four fast There was a main effect
for Picture Combinatiorf; (1, 16) =9.19p =.008. SCR latencies to peak, averaged over all pic-
ture types and both Probe Times, were faster in the first RRicombination ¥ = 3836.7 ms)
than in the second Picture Combinatidn € 4334.12 ms). The only other significant term in
the model was the interaction between Emotional CategasyPaabe TimeF (2, 32) = 4.84,
p=.024,e = .76.

Planned comparisons between the levels of Emotional Categdhe very-early Probe Time
were significant for the comparison between complex spiddrpsitive contents only, linear
F (1, 16) = 5.24,p = .036. As can be seen in Figure 48, SCRs for complex spidéurpg

reached their peak later than did positive picture SCRs.

At the late Probe Time (lower panel of Figure 48), the onlyngigant contrast was again be-
tween spider and positive contents, but this time for sirpptures only, lineaF (1, 16) = 4.96,

p = .041. SCRs reached their peak more quickly for spider potontents than for positive
contents. The quadratic contrast comparing the averagenpfesspider and positive contents

to neutral contents approached significarkc€l, 16) = 3.1p = .097.
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Discussion

This study was conducted on a group of female participarts nvoderate to high spider fear.
The cut-off score on the SPQ measure for inclusion in theysivas quite liberal (participants
had to score higher than 5), being the median score on thisurean a larger sample of
unselected female participants (Study 1). Lifting the rneiSPQ score to more than 8 reduced
the available pool of participants from 42 to 35; a requireors of more than 10 would have

removed five more participants from the analysis.

Blink Responses

The results of the planned comparisons revealed only oméfisent difference between Emo-
tional Categories in all of the Probe Time/Complexity cdiugis, showing early startle inhibi-
tion for complex positive images. Averaged over Probe Timek@omplexity, blink magnitude
increased across positive, neutral, and spider conteritsk Biagnitude did not differ on the
basis of an SPQ-score median split, so that the responsestafipants with moderate SPQ

scores (less than 14) were no different from those with higQ Scores (14 or greater).

When fearfulness was defined by FSS score, high generapéetacipants showed no signifi-
cant modification of startle. Low general-fear particigasthowed blink modification for 150
ms startle probes (averaged over Complexity), with poé¢iot of blink magnitude for spider
pictures relative to neutral contents, and inhibition fosipive relative to neutral responses. At
the late Probe Time there were no significant differencedimk Imagnitude between the three
categories of picture content. The absence of late probe imk modification suggests that
the effects observed at the very early probe time were naerhby the pictures’ emotional

content. The cause of this effect is at present unclear.

Positive pictures were not associated with blink inhilitadter several seconds of picture view-
ing, suggesting that picture contents were either unistgrg or did not produce a positive

emotional state, one or both of these being necessary farishibition to occur. The pictures
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in this category consisted of food and flower stimuli, whicé generally rated as highly pleas-
ant but of moderate to low arousal (see Appendix D). Blinkbititon during positive contents
seems to be limited to highly-arousing contents such asshadeé other sexually explicit ma-
terial (Bradley, Codispoti, Cuthbert, & Lang, 2001; Bragdl€odispoti, Sabatinelli, & Lang,
2001, reviewed in Chapter 3), and so a defence is requiretthéochoice of positive materials

used in this study.

Flowers and food stimuli were chosen for this study prinyardl match the spider category
pictures in foreground size and complexity, with a secopndaterion of being easily recognis-
able in silhouette form. Nude and erotic stimuli, unfortiehg meet neither of these criteria.
The general absence of startle inhibition during posittuauli in this study, and in Studies 2,
3a (for low FSS-score participants), and 3b, points to tresirfer further experiments to clar-
ify the attributes of positive stimuli that lead to startigibition. Once these parameters have
been ascertained, a new complexity manipulation shoulatbsed that allows the use of more

arousing positive materials, as well as a wider range ofthegstimuli.

The very-early startle inhibition observed for complexipes pictures is also of interest. If
we take the lack of late startle modification for these pisuas evidence that they are not
emotionally engaging, then the very-early startle inldiittould indicate an effect of stimulus
complexity on early attentional processes. From this apsiomwe would furthermore predict
that increasing the complexity of neutral pictures woukbahhibit blink responses (relative to
simple neutral pictures). This was not evident from the datiis study. This may reflect a
poor match in the amount of background detail between nleatichpositive complex pictures,
so that the positive condition pictures were actually mamaglicated than those in the neutral

condition.

The blink latency to peak data supported the blink magnitlata, so that blinks were faster
to reach their peak for spider contents than for neutraifipesontents, on average over Probe
Time and Complexity. Planned comparisons within each Piobee/Complexity condition

were not significant.
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Skin Conductance Responses

The number of participants contributing data to the SCRyamalvas very smalln(= 18), and
the data were largely inconclusive. The change in the @iteor inclusion (at least two non-
zero responses in each condition) was not wholly respanblthis: only 5 of the participants
who failed to meet this criterion would have met the old crite (less than one-quarter of all
possible responses at zero magnitude). In the blink regpanalyses, only two participants

who did not meet the new criterion would have been includaettuthe old method.

The large number of zero magnitude responses, across tlipants, may be related to the
positive stimuli used — as these were low-arousal contémsgvoked SCR magnitudes would

be minimal.

Sample Suitability

As explained in the introduction to the study, spiders wédrasen for negative stimuli because
they suited the complexity manipulation; leading on frons thecision, the study was limited
to female participants because of the relatively highevadesce of spider fear among females,

compared to males.

Most experiments looking at startle blink modification héend similar patterns of respond-
ing for male and female participants. Some studies haveteghgender differences in startle
modification. Female participants in Yartz and Hawk (200@)ged greater blink magnitude for
disgusting picture contents than for fear evoking contemie participants did not. Bradley,

Codispoti, Sabatinelli, and Lang (2001) found that only &8 showed startle potentiation
across the entire negative picture category (i.e., condtareeutral pictures), while only males
showed startle inhibition for the positive category as ah®hese differences may hold true
for the stimulus materials and analysis method used in tiatysbut it seems unlikely that

males and females differ in startle modification circuitry.
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The results of Bradley, Codispoti, Sabatinelli, and Lan@0@® may be more indicative of the
types of photographs included in the IAPS picture set. A &mgxplanation of these results is
that males and females diverge on the types of material théypfeasant and unpleasant. Look-
ing at the data for specific picture content categories gireethat gender differences in startle
modification are probably absent for highly-arousing niegatontents similar to those used in
this thesis (threat and mutilation pictures), while resggsnto less arousing (and perhaps more
emotionally ambiguous) negative contents differed mote/een males and females (Bradley,
Codispoti, Sabatinelli, & Lang, 2001). Participant gendier not influence blink modification

in the current series of studies (excluding Study 5, of ceunhere only females were tested).

The pictures used in this study did not seem to activate emaitiprocessing, as suggested by
the late probe time blink responses and the lack of consiSS€ER enhancement. Collecting
picture ratings may have been useful to confirm that the ipegiictures were not particularly
pleasant or arousing, as well as assessing differencegéetiie silhouettes and the complex
photographs; the late probe time blink data and SCR restdisged alternative evidence for
this hypothesis. Itis felt that selecting the silhouettag®s on the basis of picture ratings would
have been superfluous to the experimental design, as thetsegsi were created to match the
full-colour images on shape and size. The startle modifoadiata were used to ask whether
these silhouettes engaged emotional processing in the wagnas the complex pictures, and
so while it might have been informative to compare ratinggadénce/arousal between the two

categories, the subjective emotional ratings of the sift@images alone was not of interest.

Blink Responses to Picture Onset

The introduction to this study claimed that blinks elicitegpicture onset have been very rare
through the course of this thesis. As this study presumeshiivks to the startle probe at
150 ms are not influenced by possible blinks to picture okt phenomenon was examined
more closely for this study. Figure 49 shows the distributbparticipant blinking in response
to picture onset. A blink was defined as a response with peanituale greater than 10V

occurring 20 to 150 ms after picture onset, and so prior tdlstprobe presentation. Blink
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Figure 49 Distribution of participant blink frequency in responsepicture onset.

magnitude for picture onset was calculated for all picturethis study, including those on
which no startle probe was presented. There are thus 48pp@$dinks to picture onset for

each participant.

It can be seen in Figure 49 that the majority of participaatsly blinked at picture onset, while
one participant consistently blinked on nearly all pictufé6 out of 48). Figure 50 gives an
example of the EMG signal from this participant for a periatjimning about 50 ms prior to
picture onset and ending 250 ms after a very-early, 120 migespaobe presentation. The first
panel is just the filtered EMG signal, with no rectificatioael A), and clearly shows two blink
responses, one to picture onset, another to the startle pfednels B and C present rectified
signals calculated with time constants of 10 ms (panel Bysasl in this thesis, and 120 ms
(panel C), as used by some other experiments on startle wetchfn (e.g., Bradley, Cuthbert,
& Lang, 1993). The two responses are clearly discriminabtbe filtered-only and 10 ms RMS

panels, while in the 120 ms RMS panel the two responses qverla
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Globisch et al. (1999) disregarded their 120 ms probe tinoethbe confused with a 120 ms
time-constant) blink data on the basis of participant bhgkin response to picture onset, even
though their calculation of blink magnitude also bypas$eddroblem of overlapping rectified
responses when the raw signal blinks do not overlap (as ur&ig0). Photic blink reflexes often
include a second response component, with an onset latéappmoximately 80 ms and lasting
well beyond the 120/150 ms mark after stimulus presentdtiackley & Johnson, 1996), and
so the blink response to the startle probe will be superimgos the second component of the

photic reflex in the raw signal, when a two-component blinkitdure onset occurs.

It seems that computer based picture presentation is kedg 10 elicit blink responses to picture
onset than slide projection, although Globisch et al. alemiified their short picture presen-
tation period condition (150 ms from onset to offset) as alliknfluence on the frequency of
blinking. With the relative absence of blink responding totgre onset in the current study,
it would be reasonable to assume that very-early blink meatifhn was due to picture content

(be it the emotional or attentional qualities thereof), Bsuassed above.
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General Discussion

The aim of this thesis was to investigate the factors medjagarly startle modification. The
discussion will cover the patterns of results for blink migghe and latency to peak, SCR
magnitude and latency to peak, and will then consider imfibns of the data for startle modi-
fication theory, advantages and disadvantages of the expetal designs of these studies, and

future directions for research.

Early startle modification has been used to test whetherrtiegienal content of a picture has
been processed by the time of startle probe presentatiadieSt2 through 5 addressed several
issues regarding early modification of startle, and wergaify based on conflicting reports
between experiments showing early startle modificatiomdividuals with phobia (Globisch
et al., 1999) and other studies showing no emotional motiibicaf startle at early stages of
picture viewing in unselected samples (e.g., Bradley, Ber) & Lang, 1993; Codispoti et al.,
2001; Levenston et al., 2000). The main questions askedathese studies were (a) is early
emotional modification of startle limited to highly fearfpérticipants, and (b) is early startle
potentiation limited to certain kinds of negative stimalid if so, what are the qualities of these

negative stimuli that allow emotional identification by #erly probe time?

Study 1 was used to obtain picture ratings to allow seleaiosuitable pictures for the subse-

guent studies, and is not discussed here.

Summary of Experimental Results

Blink Magnitude

The blink modification results are summarised below. Paldgicemphasis is given to the early

probe time blinks. The late probe time was primarily incld@s a check on the emotional qual-
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ities of the picture contents: If startle modification wapaent after several seconds of picture
viewing, we can be more confident about ascribing early ptobe results to the emotional
qualities of those picture contents. Discrepancies batveeely and late startle modification

are therefore also highlighted.

In an attempt to answer whether early startle modificatioa sgecific to highly-fearful indi-
viduals or to a specific subgroup of threatening picturasiy® compared early and late stage
blink modification for two types of threatening stimuli, daming either animal threat (simi-
lar to the negative category used by Globisch et al., 199®uanan threat images. The early
blink potentiation observed for human threat contents ud$®2 was an important extension
of the findings of Globisch et al.: Threatening pictures picet startle modification after a
very short picture viewing period for a distinct set of pretsi from those previously tested, in
an unselected sample of participants. The between-sslpgeabe time manipulation restricted
the validity of conclusions that could be drawn comparindyeand late probe time responses,
and prevented reasonable analysis of the effects of gaahtfearfulness within this unselected

sample.

Having established that early blink modification could actmusome threatening contents in
an unselected sample, Study 3a contrasted startle momifida¢tween threat and mutilation
content picture categories, predicting that early stantelification would only be apparent for
the threatening contents. Startle modification differedh@basis of a post hoc comparison
between high- and low-fear participants (based on scoregb®®SS general fear measure).
Low-fear participants did not show any early modificatiorstartle, and late startle potentiation
for these participants was restricted to threat contentigh4fear participants showed blink
potentiation for threat contents at the early probe timey tiso showed startle modification for

both negative contents at the late probe time.

Study 3b was an attempted replication of Study 3a, with a ghaxf pictures and the addition
of a fixation cross to ensure participants viewed the piciune onset. No blink modification

was seen at the late probe time, and blinks were of greatenitndg at the early probe time
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for affective contents compared to neutral. The first findihguld preclude suggesting a causal
role for emotional content at the early probe time. The stuskyd two picture combination
conditions, so that the pictures probed at the late probe itnone combination were probed at
the early probe time in the other combination, and vice versare was no interaction between
picture combination, emotional category, and probe tiroghe observed effects were not the
result of two distinct patterns of responding in the differpicture combination groups being
superimposed on each other. This suggests that the emlatmmant of the pictures was not

capable of modifying startle blink responses.

The design of Study 4 was the most refined in the thesis, aneldaitest differences between
pictures in the threat and mutilation categories. Each emak category was split into high
and low arousal exemplars; startle blink modification was atuserved for the low-arousal
mutilation contents at either probe time, or for low-ardysssitive contents at the early probe
time. Threatening pictures and high-arousal mutilatiatyves potentiated blink magnitude at
both probe times. The experimental design retained thdadixatoss introduced in Study 3Db,
and by varying content intensity, partially addressed #lilafe of emotional startle modification

in that study, suggesting that the results of Study 3b werbkgily due to poor picture selection.

The final study looked at probe times even earlier than ther88@arly time used in Stud-
ies 2 to 4, and contrasted very early (150 ms) and late stagf@nses between spider, neutral,
and positive contents. Each picture category consistedkdtiB-colour images, and six sil-
houette images, to assess whether picture complexity mfage startle modification during
the early stages of picture viewing. The sample was alsdduhio female participants with
moderate to high fear of spiders. Study 5 found only weakceffef emotional content on
startle blink magnitude, when averaged over probe time actdire complexity, suggesting
blink potentiation for spider pictures compared to neutirmtontrasts performed in each probe
time/complexity condition, very early blinks to complexgitive images were inhibited relative
to neutral pictures. A median split on the FSS measure fougdvery early startle potentiation
was apparent for low FSS-score individuals, averaged avaptexity conditions. The lack of

late probe time startle modification for these participantggested that the very early startle



217

potentiation was mediated by an as-yet unidentified chariatit of the picture set.

It is important here to rule out the possibility that blink dification during positive contents
was inconsistent across studies (e.g., no inhibition du8tudy 2 at the late Probe Time) due
to the generally aversive nature of the startle modificaimtedure overcoming the positive
nature of these stimuli. The inclusion of a neutral pictuvedition rules out this possibility:
If participants are in a generally negative emotional stidten startle blink magnitude should
increase across all emotional categories, rather tharigugtositive contents, and so the dif-
ference between neutral and positive contents would gtilsignificant. The lack of blink
inhibition for positive contents in some of these studiesild@ppear to be due to the qualities

of these picture stimuli, rather than the individuals’ omgpemotional state.

The early probe time blink magnitude results are primarigcdssed in the section on theo-
retical positions regarding emotional modification of ge&rfollowing discussion of the other

physiological dependent variables.

Blink Latency to Peak

Most studies that have measured blink latency to onset lmawelfthat onset is facilitated dur-
ing those emotional contents that also show blink magnipatentiation. In this thesis, there
was no consistent pattern of blink latency to peak modificaticross studies. Studies 2 and
3b found no differences between emotional categories adHg or late probe time. Study 3a
showed blink latency facilitation for positive contentsquared to threat contents at the late
probe time. Study 4 showed no significant differences betwee-arousal emotional cate-
gories; for the high-arousal contents, positive and thceatent blinks were associated with
shorter latencies to peak than neutral blinks at both prmbest In Study 5, blink latency to
peak was faster for spider contents compared to neutral asitiye contents, but as with blink
magnitude, this effect was only significant on average ovebtime and picture complexity,

and not for each probe time/complexity condition.
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Figure 51 Example rectified blink responses to two events, A and Bwsfwptimes considered for
onset and peak latency calculations. Dotted line represbrashold for onset calculation.

Part of the problem with accurately measuring blink respdasency was due to technical
difficulties encountered in calculating latency to onset Etency to peak. These can best be
described with the aid of a figure. Figure 51 presents an ebaofgwo blinks of differing
magnitude and different onset latencies: The signal is the4 rectified data from Figure 50,
and so the first blink is a visually elicited (or photic) reflaxesponse to picture onset (Event A)
and the second blink is in response to the startle probe (B)eThese two examples provide

a good illustration of the differences in calculating bliakency to onset versus latency to peak.

In the figure, ‘Event’ marks the occurrence of each blinkigfig event, and the point at which
onset and peak latencies would be calculated are markedcearsponse for each event. For
the purpose of this figure, response onset was marked asghenfie response amplitude rose

above 10uV.

Blink reflexes elicited by photic stimulation (Event A) geakdy have shorter onset latencies
than blinks elicited by acoustic stimulation (Event B; Dawt al., 1999). Table 21 reports the

latencies to onset and peak for Events A and B.
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Table 21: Blink Latencies (ms) to Onset and to Peak for Blimlsjponses in Figure 51.

Latency Measure (ms)

Event Onset Peak
Event A 55 80
Event B 43 82

The time between response onset and peak is referred teasmis. Both Figure 51 and Table
21 make clear that the larger magnitude response to EvensB lokelayed peak, relative to
onset, so that the latency to peak measure does not diffetefetween the two responses.
If this increased rise-time is consistent for larger magphet responses, then this would ob-
scure blink latency to peak differences between positiveartd responses (longer onset, short
rise-time), negative responses (shorter onset, longeitinge), and neutral responses (medium
onset, medium rise-time). This was the case in Study 2. Thegsult for blink latency to peak

in Study 3b is also consistent with this hypothesis, as biirdgnitude modification was not
apparent at the late probe time, and early probe time matgstwere similar across affective

contents.

As increases in emotional arousal may also facilitate tatea onset independent of valence
(Cook et al., 1991; Witvliet & Vrana, 1995), the observeadhkliatency to peak results in Study
4 are in line with the predictions discussed with referemcEigure 51. The difference in nor-
mative ratings of arousal between high-arousal and lowsaicontents was more extreme for
affective than for neutral picture categories, largely mastiect of the uneven distribution of
emotional pictures in the two-dimensional space defineddbgnce and arousal (see Chapter 1,
Figure 1). Following on from the logic given above, highasal positive and negative contents
would be presumed to have a shorter latency to peak tharaheatritents — neutral responses
will have a medium onset and rise-time with no additionaugaed component, while positive
(longer onset, shorter rise-time) and negative (shorteeronger rise-time) will both have

facilitation from an arousal component. These trends wppaent for the positive and threat
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categories, but not for mutilation contents, which may lpesentative of a real difference be-
tween threat and mutilation contents, or simply a consecgiehgreater error in measurement
arising from using blink latency to peak as a dependent biriaThe ideal test for separate

effects of arousal and valence would employ blink latenogrtset.

SCR Magnitude

The problems with calculating late probe time SCR magngwadel latencies have already been
dealt with in the discussion of Study 2. Emotional pictungsdally elicit an SCR; when the

startle probe was presented several seconds after pigtaet, @ second SCR would generally
be elicited before recovery of the initial response, crepgtiroblems in assessing the magnitude

and latency parameters for this second response.

Dawson, Schell, and Filion (2000) also note the difficultycedculating magnitude and la-
tency characteristics for a second SCR superimposed oritihi@sponse, and suggest using a
computer generated algorithm to isolate the actual fornh@fsecond response. The following

considerations only take into account early probe time dallacted in the studies in this thesis.

Studies 2 and 3a found relatively consistent effects of @nat content on SCR magnitude.
There were no indications of SCR modification by picture eantfor low-fear participants,
defined as scoring at or below the median on the SNAQ measwgeask fear (Study 2), the
MQ measure of blood and mutilation fear (Study 3a), or the R&&sure of fearfulness in
multiple situations (both studies). The sole exceptiomiswas for low FSS-score participants
in Study 3a, who showed greater SCR magnitude for threaeatstelative to neutral. High-
fear participants in these two studies (defined by scoresiwgmaestionnaire) showed greater

SCR magnitude during affective contents (both negativeparsitive) relative to neutral.

In Study 3b, early probe SCRs were only modified for high M@Qrscparticipants, for the

comparison between threat contents and neutral.



221
Modification of SCRs in Study 4 was not dependent on fear g(b(p score) or anxiety group
(measured by the state and trait components of the STAl)reThere different patterns of
modification for low and high arousal picture contents: S@Rse enhanced for all affective
contents in the high-arousal condition, whereas SCR emma@wt in the low-arousal condition

was observed for the two negative categories, but not fatipesontents.

Study 5 found no significant effects for SCR modification fitiher simple or complex pictures,
although the sample size was relatively small for this \degn = 18). Like the SCR results of

Study 3D, this represents a failure of the stimulus matenmaéngaging emotional processing.

Across Studies 2, 3a, and 3b, SCR enhancement was only edddenthe above-median fear
groups; in Study 4, SCR potentiation for positive contenéswnly apparent for the high-
arousal condition. These results are consistent with tvgitipas, (a) that the SCRs observed
during the viewing of emotional pictures are related to treuaing nature of those pictures,
and (b) sensitivity to these arousal dimensions is greatdnifhly-fearful participants relative
to less fearful participants. The second point is suggdsyeithie fact that differences in SCR
modification between high and low fear-score groups werespetific to negative contents,
so that low-fear participants did not show SCR potentiafampositive pictures, which were
presumably as pleasant for them as for the high-fear paatits. As SCR modification was only
calculated on trials where a startle probe was presentecedately following picture onset,
this may indicate that the startle probe is more likely taielBCRs in high-fear participants,
and so possible combinatory effects of picture elicited S@R probe SCR would mean more

likelihood of these observed effects.

The effect of foreground arousal on SCR modification in Stddwhich did not differ on the
basis of participant fear or anxiety, means that this déffiee between highly fearful and less
fearful individuals may be primarily limited to less intenstimuli, and suggests that emotional
modification of SCR magnitude by picture and/or probe is mikedy to occur for highly-
arousing pictures. The emphasis on researching early pirabgesponses in this thesis makes

it almost impossible to unravel the separate effects otipgcand probe on SCR magnitude. The
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SCR data from pictures where startle probes occurred ghaftdr picture onset still provide
some information on the arousal qualities of these probetlif@s; it is just that these SCRs

cannot be specifically attributed to either the probe or theie content alone.

The relationship between SCR modification, emotional psicg, and blink modification is

covered in the section following discussion of SCR latemcgdak.

SCR Latency to Peak

The SCR latency to peak results for late probe SCRs were pipladso influenced by the

superimposition of a second SCR onto an initial responsg sarare not discussed here. For
early probe time responses, the effects of emotional categoSCR latency to peak were not
consistent across studies. In Study 2, animal threat co®€Rs reached peak more quickly
than positive SCRs. Study 3a found no significant differerimtween emotional categories. In
Study 3b, mutilation content SCRs reached peak more quibkly positive contents, but threat

and positive content SCRs were slower to reach peak thanaheut

In Study 4, SCRs for the low-arousal negative contents wevees than for neutral and positive
contents; for high-arousal pictures, all three affectivaditions’ SCRs were slower to reach
peak than neutral SCRs. Finally, in Study 5, complex spid#upe SCRs were slower to reach

their peak than complex positive picture SCRs.

As with blink latency to peak, SCR latency to peak is reallpmposite of two time components
of the SCR, latency to onset and rise-time. These two comysiaee supposedly highly related
to the magnitude of an SCR, so that large magnitude SCRs&heuhssociated with shorter
onsets and rise-times (Dawson et al., 2000). This wouldestghat the composite latency to
peak measure should reflect the same information as latermyset, given that faster response
onset is associated with shorter rise-time, and so SCRdatenpeak should be facilitated
for those emotional categories with enhanced SCR magnieldéve to neutral. Across the

studies, the significant SCR latency to peak results do nan fitith this hypothesis. The
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modal observed effect was in fact the opposite, with longtricy to peak for those emotional

categories where SCR magnitude was enhanced.

Whether this is indicative of actual differences in SCRnaieto response onset from those
reported elsewhere, or is a problem raised by the use of tbadga to peak calculation, is

unclear.

Startle modification at 300 ms

Startle blink modification only occurred in the presence 6RSenhancement. Those studies
showing little or no emotional modification of startle (Sesi3b and 5) also failed to show any
SCR enhancement at the early probe time. Early SCR potemntiatas otherwise associated
with startle blink modification. In Study 2, positive and hamthreat content SCRs were en-
hanced relative to neutral, and both of these categories a&sociated with blink magnitude
modification in both probe time conditions. Animal threahtent SCRs were not enhanced
relative to neutral, and blinks were not potentiated fosséheontents among early probe time
participants. Due to the between subjects design, it is ealtyr valid to use the early con-
dition participants’ SCR data to draw conclusions regaydhre late probe time participants’
blink modification (these participants showed blink poi@nin for animal threat contents).
Differences between fear groups in this study were compmediby the uneven cell sizes in the

design, and so will not be discussed further.

SCR modification in Study 3a was primarily observed for higar participants during threat,
mutilation, and positive contents. These participantsv&ubstartle blink modification for these
contents at the early and/or late probe times; blink modiboafor mutilation contents was
limited to the late probe time. For low FSS-score partictipan Study 3a, SCR modification
was apparent for threat contents only, and only these gistwere associated with late probe-

time startle potentiation for this group.

Startle modification did not occur in the absence of SCR p@ton. The sole exception to this
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was for low-arousal positive contents in Study 4, for whiolf8CR enhancement was observed.
Blink inhibition for these pictures was apparent at the fatebe time, but not at the early probe

time.

The dependency of blink modification on SCR enhancementtigpparent for the reversed
relationship: Enhanced SCRs to a picture content did noaysdveoincide with blink modi-

fication. In Study 3b, high MQ-score participants had enedn8CR magnitudes for threat
compared to positive responses, but showed no blink motidicéor threat pictures after sev-
eral seconds of picture viewing. In Study 4, low-arousalilatibn contents were associated
with SCR enhancement, but blinks were not potentiated duhese contents at either probe
time. This suggests that the outputs governing emotiondification of skin conductance and
startle blink responding are either different, or are erglagt lower levels of arousal for SCR

enhancement compared to blink modification.

Bradley and Lang (2001, cited in Codispoti et al., 2001) ssted that early startle modification
is influenced by both attentional and emotional process$esfitst of these inhibiting startle

blink magnitude during viewing of motivationally relevapicture contents (i.e., positive and
negative pictures), and the second modifying startle iaWwith the predictions of the response
matching model. The net result will be the observed statitk magnitude at early stages of

picture viewing.

The studies in this thesis did not fit in with this theoretipasition as stated, or with the results
of studies from which that position was formulated. Studibsand 5, which showed no emo-
tional modification of startle at either probe time, will rizet discussed here. The experimental
results for these studies appeared to be caused by a fafltihe stimulus materials to elicit
emotional processing (as indicated by the absence of labegime startle modification) rather

than failures of early modification specifically.

Early startle modification was more consistent with the @tezhs of the response matching

model on its own: the experimental design of Studies 3a arltbwed the predictions of this
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model to be tested separately for threat and mutilationesditictures. The results of Study 3a
were in line with predictions based on Bradley, Cuthbert bang (1993) and Globisch et al.
(1999) — only high FSS-score participants showed earlytlstarodification. When the data
were analysed without this median split on the general feastionnaire (i.e., in comparable
experimental conditions to Bradley, Cuthbert, & Lang, 19@arly startle potentiation was still
apparent for threat contents at 300 ms. Startle modificdGomutilation contents was also
restricted to these high fear participants, and was appardgy after several seconds of picture
viewing. Combined with the limitation of mutilation-comiestartle potentiation to high-arousal
pictures in Study 4, these data are part of a recent trendbiegrgations of startle potentiation
to be limited to specific negative emotional contents (agevexd in the introduction to Study

3).

The pattern of results from Studies 2, 3a, and 4 suggest ataadd formulation to the response

matching model regarding negative emotional processing:

1. The hierarchy of startle blink magnitude for negativeteats (e.g., Bradley, Codispoti, Cuth-
bert, & Lang, 2001) represents a continuum of startle maatibo, calculated over the popu-
lation as a whole, ranging across pollution (associatetd #ie smallest blink magnitudes),
loss, illness, contamination, accidents, mutilationraaliattack, and human attack contents

(associated with the greatest blink magnitudes).

2. The basic mechanisms of startle modification do not difeaween high and low fear partic-

ipants, but these mechanisms are influenced by individuaitbaty to negative stimuli.

3. Modification of startle by negative contents (threat andilaion stimuli) is also influenced
by the intensity of the stimuli. There appears to be a widkscéf/e intensity range for threat-

ening stimuli than for mutilation stimuli.

4. Early startle modification is more sensitive to these @sses than late startle modification.

This hypothesis does not suggest different causal meaharite early and late startle modifi-
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cation, but that early startle modification is more sensitvthe same emotional qualities that

alter late startle blinks — intensity and participant feiaréess.

Study 4 still did not reveal the factors mediating the speityfiof emotional content and arousal.
The main alternative to drawing conclusions implicatingoéional content as the causal influ-
ence behind early startle modification relates to atteatitactors. Study 2 showed early blink
modification for some threat contents; Study 3a showed &dirli« potentiation for threat con-
tents but for high general-fear participants only. Neitbiethese studies explicitly manipulated
or directed the participants attention prior to pictureain®articipants were simply asked to
view the pictures for their entire duration. In Study 4, pret onset was signalled for 500 ms
prior to picture presentation by a white cross in the centita®computer screen. Blink mod-
ification at the early probe time occurred for threat picsumad for highly-arousing mutilation
pictures. The difference in results between Study 3a (piatgon for high fear participants
only) and Study 4 (potentiation not specific to a fear or atyxggoup) could reflect the oper-
ation of what might be termed “attentional capture”. In Stdd attention was directed to the
pictures from onset, whereas in Study 3a no such manipulats used. The limitation of early
blink potentiation in Study 3a to (a) threat contents anch{bh-fear participants could indicate
that these individuals are faster than low-fear individwalorienting to unpleasant/threatening
material when their attention is directed elsewhere. Whtmnaon is fixed (Study 4), these

between fear-group differences cease to be evident.

These results suggest that the difference between highoanfibar participants may be one of
directing attention to stimuli rather than different spged processing leading to startle mod-
ification. This attentional explanation could also applythe difference between threat and
mutilation contents, so that threat contents are bettem@cing attention than are mutilation
contents, allowing early blink modification for threat cents when attention is not fixed (Stud-
ies 2 and 3a) and early blink potentiation for other negatogtents when attention is fixed on
the display prior to picture presentation. Fixing the m#pant’'s gaze on the display may mean
that processing by 300 ms occurs to the same extent as ar Ipiejere-to-probe latencies, so

that early blink modification would occur for those pictutkat would potentiate startle at later
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stages of picture processing.

The consistency of startle modification across probe timé&h types of mutilation stimuli
in Study 4 suggest that attentional or complexity factoes ot responsible for the lack of
modification for low-arousal contents. If these were infitiag startle blink magnitude, we
would expect to see no modification at the early probe timepmdification at probe times
after several seconds of viewing. One relatively direct iatay factor of the blink modifica-
tion discrepancy between low and high arousal mutilatiomeats could be the fear-evoking
characteristics of these stimuli, such that only those latidin contents that elicit fear will po-
tentiate startle. This presumes that the high-arousalatioth category had a higher proportion
of such pictures than did the low-arousal category. Thisld/oeed to be tested more explic-
itly, by contrasting mutilation content pictures that ass@ciated with high and low degrees
of fear, as reported by participants. A second, more intliest of this aspect could look at
the relationship between amygdala activation, self-repbstimulus fearfulness, and startle
potentiation. It is possible that only fear evoking stimwiil activate the amygdala, leading to
startle potentiation, and comparing amygdalar activatiemveen negative content pictures that
potentiate startle and those that do not may shed furthietrdig emotional specificity of startle
modification. It may transpire that the amygdala is necgdsarearly startle modification, but
other mechanisms (such as those involved with anxiety) fpgthrtle at later stages of picture

viewing.

These competing hypotheses are somewhat beyond the sctps tifesis, and represent the
next step in ascertaining the mechanisms of early start@ifroation. This thesis showed that
startle blink potentiation for negative picture contergs occur in unselected samples at 300 ms
probe times, and highlighted emotional specificity and eohintensity as two factors that
influence early startle modification. The following sectierls with the experimental design
and some technical details regarding the recording of bisponses that are pertinent to the
results of these experiments, and the final section descsidrae avenues of research that should
clarify the role of possible mediating factors involved mrlg startle modification by negative

emotional pictures.
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Experimental Design and Technical Issues

The disadvantages of the between-subjects design for praben Study 2 has been discussed
at length in this General Discussion. This limited the vi#fidf conclusions comparing early
and late viewing time responses to the startle probe. Thelexity manipulation in Study 5
was also suboptimal, primarily in that it restricted thedgmf pictures that could reasonably
be used in the experiment. Collecting ratings for the petursed in Studies 3b and 5 would
have added validity to the conclusions that the pictureamstwere generally not emotionally

engaging, although the SCR results provided an indicahiatthis was the case.

The methods for allocating pictures to probe times and jposin the presentation orders were
also not as randomised as they could ideally have been.reiotmbination effects were tested
to see if startle modification differed by the particulartpres on which probes were presented,

and emotional modification of blink magnitude never diftkon the basis of this dimension.

One further aspect of the experimental design that reqswese defence is in the collection
of questionnaire data following the completion of the #¢amodification procedure, with the
implication that this procedure could influence particiigaself-reported fear or anxiety lev-
els. The decision to collect these data following the majmeeixnent was made primarily with
concerns in the opposite direction: That asking partidpabout their fear and anxiety levels
prior to beginning the study would lead to heightened exagtemts of unpleasant stimuli and/or
outcomes, and so influence the startle modification datahéédar questionnaires addressed
secondary hypotheses in this thesis, the questionnainespeesented at the completion of the
startle modification procedure. It is possible that thiscpure led to participants overestimat-
ing their levels of fearfulness, and so inflating scores @dhestionnaires. The median-split
analyses used to investigate these factors should ruleuchtan occurrence. A more likely
possibility, which cannot be resolved here, is that the tioiesaire data are less accurate mea-
sures than they could have been if responses were colledt@d@the main experiment. As

discussed above, this was not done in order to avoid inflagrtbie startle modification data.
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The advantages of the experimental procedures used residariy in the technical details

regarding the filtering and rectification of the blink EMG s&l. To start with, blink responses
are smaller at early probe times than after several secdmlstare viewing, on average over
picture contents. Limiting the range of frequencies reedrh the signal (especially restricting
the lower frequencies) can significantly reduce the powdhatfsignal. Setting an EMG signal
high-pass filter to 90 Hz (so that frequency components b8z are removed) can remove
up to 50% of the signal power (Berg & Balaban, 1999) — sevédtalies have used this setting
for studies on early blink modification (e.g., Bradley, Cheh, & Lang, 1993; Codispoti et al.,

2001; Globisch et al., 1999; Levenston et al., 2000). Thé4pgss filter used in this study, set
to exclude frequencies below 15 Hz (as noted in the methoduidyS, this should have been
28 Hz), may be more suitable for testing early blink modifmats smaller signals should be

more accurately identified.

Globisch et al. (1999) still detected blink modificationlireir high-fear participants with 90 Hz
high-pass filtering, and so the above explanation does fffitesin explaining null results for

early startle modification, unless early blink respondiogthese participants was particularly
large (and so not likely to be distorted by the reduction gnal power). There is no evidence

to suggest this was this case.

A second factor that influences the size of responses isrtteedonstant used in rectifying and
integrating the EMG signal. This thesis used a relativetyrstime-constant of 10 ms; Globisch
et al. (1999) used a magnitude calculation that was computdly similar to a 60 ms time-

constant; Levenston et al. (2000) used an 80 ms time-canstashboth Bradley, Cuthbert, and
Lang (1993) and Codispoti et al. (2001) used 123 ms timeteois The problem here is that
using longer time-constants to rectify the blink EMG sigatiénuates the power of this signal
compared to using a shorter time-constant, and again mhkesetection of small responses
less likely (Blumenthal, 1994). The use of a shorter timestant for blink EMG signals may

be a very important factor in the detection of blink moduatin the early stages of picture

viewing.
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These considerations highlight the advantage of filterimdy@r integrating the raw signal off-
line (after recording), as this allows both greater flexipih the deployment of these settings as
well as the ability to compare response patterns betweepetng methodologies (e.g., 10 ms

versus 123 ms time-constant).

Future Directions of Research on Early Startle Blink

Modification

To further test the characteristics underlying early modtfon of the startle response, subse-
quent studies could begin by testing whether the fear-expkature of mutilation pictures is
mediating the arousal effect on blink magnitude for thestupes observed in Study 4. Two

other areas of research present themselves fairly imnedgiat

It may be that differences between negative picture categor early startle potentiation sim-
ply reflect the amount of visual information to be processed picture, so that the lack of
potentiation for some mutilation content pictures (Stada and 4) is indicative of the higher
complexity of these pictures compared to threat conterits Jeems unlikely, as a fear system
(such as that proposed in the introduction to Study 2) shbeldapable of detecting danger in
the presence of distracting information. At very shortyietto-probe onset latencies, this may
still have an effect. Varying the foreground pictures’ cdexgy should be one way of answer-
ing this question. The complexity manipulation in Study &reed largely ineffective, as well as
being unsuitable for certain types of pictures (i.e., thustrecognisable in silhouette form). A
reasonable alternative may be the presentation of a targetlgs (e.g., snake, dead body) in a
display consisting of several additional emotionally melgtimuli. Comparing blink responses
between those displays that contain a negative target tmwposed entirely of neutral stim-
uli, and displays containing only the target stimulus, doo# a good step towards answering

the question of whether picture complexity influences estidytle modification.

Attentional factors could be tested in a similar design ®niultiple-image display proposed

above as a complexity manipulation. Attention could bedaled to a given point in a display



231
matrix, following which a target stimulus is presented eitht the indicated point or at another
position. This manipulation could be varied so that displaither included the target stimu-
lus only, or the target stimulus plus distractor stimulishiould be clear that questions about
picture complexity and questions about attentional fixatce investigating the same issues of
participant vigilance for negative stimuli, and whethegntfication of emotional information

can occur quickly in the presence of distracting infornatio

If these studies were to include participant fearfulnesbair experimental design, then screen-
ing of questionnaire scores from a large sample of potepadicipants combined with pro-
active recruitment of high and low fear participants wouldega more powerful design for

testing these differences.

Summary of General Discussion

This thesis used startle reflex modification to assess enaltpyocessing of picture content at
very short latencies. Two questions raised at the starti®f@eneral Discussion were whether
early modification of startle was specific to highly-feanfudlividuals, and whether this could
be limited to certain categories of negative stimuli. Theutts indicated that emotional modifi-

cation of the startle reflex can take place within 300 ms diupeconset.

To summarise:

1. Early blink modification was observed in unselected sasfor threat stimuli (Studies 2,

3a, and 4).

2. Early modification for mutilation stimuli was limited toagh-arousal contents, and only when

picture onset was signalled (Study 4).

3. There was limited evidence that only high fear participamowed early startle potentiation

when picture onset was not signalled (Study 3a).
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4. Two of the studies showed either no emotional modificatibstartle (Study 3b) or very
limited evidence of startle modification (Study 5). The eimodl pictures used in these studies
were most likely unsuccessful at eliciting emotional pssieg, rather than being indicative of

differences in startle modification as such.

These results show that the emotional content of pictumausitcan be identified within 300 ms
of picture onset; attentional explanations were offeretbashy the observed effects differed
between experiments where picture onset was signalled gpetiments where no warning
were given of picture presentation. The results of Studj&a2and 4 indicate that processing
of the emotional content of pictures, as indexed by thelstegtlex, can occur within 300 ms

of picture onset.
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Appendix A

Self-Assessment Manikin Display Screen

Figure Al presents the SAM display screen used to colleticgaant ratings of the emotional
dimensions for pictures in Study 1. In the computer programthe SAM characters were
pink with yellow hair, and the superimposed ‘explosion’ iégd on the arousal dimension was
white. The top row represents the valence dimension, from pkeasant (far left, score of 9)
to very unpleasant (far right, score of 1). The second rowesgnts the arousal dimension,
from highly arousing (far left, score of 9) through to calrar(fight, score of 1). The bottom
row represents the dominance dimension, from dominatédirontrol (far left, score of 1) to
dominant/in control (far right, score of 9). Once a pictuesltbeen displayed for six seconds,
participants selected a single box on each dimension. Hene@ and arousal, the five boxes
from left to right returned values when selected of 9, 7, 5ar8) 1. For dominance, the five

boxes from left to right returned values when selected of 5, 3, and 9.
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Figure A1 Display screen for SAM picture ratings, used to collecingg in Study 1. The top row is
for valence ratings, the middle row for arousal ratings, nedbottom row for dominance ratings.
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Appendix B
SNAQ, SPQ, and MQ Questionnaires

Each questionnaire was preceded by the following inswuactiPlease circle TRUE if the item
is true, or mostly true of you. Circle FALSE if the item is fal®r mostly false of you.”.
The items for each questionnaire are presented below. émisithat were modified for New
Zealand participants, the original phrasing is given inaglbrackets at the appropriate point.
Each participants’ score represents the number of itematedias ‘TRUE’; some items were
reverse scored, so that ‘FALSE’ responses counted towhedotal. These items are marked

with a dagger.

SNAQ Inventory

1. I avoid going to parks or on camping trips because therelmmagnakes about.
2. I would feel some anxiety holding a toy snake in my hand.
3. If a picture of a snake appears on the screen during a mpitture, | turn my head away.
4. | dislike looking at pictures of snakes in a magazine.
5. Although it may not be so, | think of snakes as slimy.
6. | enjoy watching snakes at the zdo.
7. | am terrified by the thought of touching a harmless snake.
8. If someone says that there are snakes anywhere abougrhbeadert and on edge.
9. I would not go swimming at the beach if snakes had ever begoried in the area.
10. I would feel uncomfortable wearing a snakeskin belt.
11. When | see a snake, | feel tense and restless.
12. | enjoy reading articles about snakes and other reptiles
13. | feel sick when | see a snake.
14. Snakes are sometimes useful.
15. I shudder when I think of snakes.
16. | don’t mind being near a non-poisonous snake if ther@mepne there in whom | have
confidencej
17. Some snakes are attractive to lookjat.
18. I don’t believe anyone could hold a snake without some fea
19. The way snakes move is repulsive.
20. It wouldn’t bother me to touch a dead snake with a longstic
21. If | came upon a snake in the woods | would probably run.
22. I'm more afraid of snakes than any other animal.
23. I would not want to travel to Australia [“down south”] ar iropical countries, because of the
greater prevalence of snakes.
24. | wouldn't take a course like biology if | thought you mighave to dissect a snake.
25. | have no fear of non-poisonous snakies.
26. Not only am | afraid of snakes, but worms and most reptilake me feel anxious.
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27. Snakes are very graceful animals.

28. | think that I'm no more afraid of snakes than the averagyeqn.t

29. | would prefer not to finish a story if something about ssaWas introduced into the plot.

30. Even if | was late for a very important appointment, theutht of snakes would stop me
from taking a shortcut through an open field.

SPQ Inventory

1. | avoid going to parks or on camping trips because therehlmagpiders there.
2. | would feel some anxiety holding a toy spider in my hand.
3. If a picture of a spider crawling on a person appears ondrees during a motion picture, |
turn my head away.
4. | dislike looking at pictures of spiders in a magazine.
5. If there is a spider on the ceiling over my bed, | cannot galéep unless someone Kills it for
me.
6. | enjoy watching spiders build webss.
7. | am terrified by the thought of touching a harmless spider.
8. If someone says that there are spider anywhere aboutoirieealert and on edge.
9. I would not go down to the garage [basement] to get somgihhinthought there might be
spiders there.

10. 1 would feel uncomfortable if a spider crawled out my slsd took it out of the closet to
put it on.

11. When | see a spider, | feel tense and restless.

12. | enjoy reading articles about spidefs.

13. | feel sick when | see a spider.

14. Spiders are sometimes useful.

15. I shudder when I think of spiders.

16. 1 don’t mind being near a harmless spider if there is saregbhere in whom | have confi-
dence.f

17. Some spiders are very attractive to lookiat.

18. I don't believe anyone could hold a spider without sonae.fe

19. The way spiders move is repulsive.

20. It wouldn’t bother me to touch a dead spider with a longkstj

21. If | came upon a spider while cleaning the attic | wouldiadoly run.

22. I'm more afraid of spiders than any other animal.

23. | would not want to travel to Australia [Mexico or Centéainerica] because of the greater
prevalence of poisonous spiders.

24. | am cautious when buying fruit because bananas maygtspalers.

25. | have no fear of non-poisonous spidgrs.

26. | wouldn't take a course in biology if | thought | might leato handle live spiders

27. Spider webs are very artistic.

28. | think that I'm not more afraid of spiders than the averpgrson;

29. | would prefer not to finish a story if something about spgdwas introduced into the plot.

30. Even if | was late for a very important appointment, theutjht of spiders would stop me
from taking a shortcut through an underpass.

31. Not only am | afraid of spiders but millipedes and catéa@ make me feel anxious.
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MQ Inventory

1. I could not remove the hook from a fish that was caught.
2. | would feel some revulsion looking at a preserved braia Ioottle.
3. If a badly injured person appears on TV, | turn my head away.
4. | dislike looking at pictures of accidents or injuries imgazines.
5. I do not mind visiting a hospital and seeing ill or injureegrgpons;
6. Medical odors make me tense and uncomfortable.
7. ' would not go hunting because | could not stand the sightadad animal.
8. Watching a butcher at work would make me anxious.
9. A career as a doctor or nurse is very attractive tome.
10. I would feel faint if | saw someone with a wound in the eye.
11. Watching people use sharp power tools makes me nervous.
12. The prospect of getting an injection or seeing someaeegdt one bothers me quite a bit.
13. | feel sick or faint at the sight of blood.
14. | enjoy reading articles about modern medical techrsgue
15. Injuries, accidents, blood, etc., bother me more thgtharg else.
16. Under no circumstances would | accept an invitation ttchva surgical operation.
17. When | see an accident | feel tense.
18. 1t would not bother me to see a bad cut as long as it had beanex and stitched.
19. Using very sharp knives makes me nervous.
20. Not only do cuts and wounds upset me, but the sight of paejth amputated limbs, large
scars, or plastic surgery also bothers me.
21. If instruments were available, it would be interestingée the action of the internal organs
in a living body. {
22. | am frightened at the idea of someone drawing a blood kafrgm me.
23. | don't believe anyone could help a person with a bloodymebwithout feeling at least a
little upset.
24. | am terrified by the idea of having surgery.
25. | am frightened by the thought that | might some day haveetp a person badly hurt in a
car wreck.
26. | shudder when | think of accidentally cutting myself.
27. The sight of dried blood is repulsive.
28. Blood and gore upset me no more than the average pegrson.
29. The sight of an open wound nauseates me.
30. | could never swab out a wound.
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Appendix C

Items from the FSS-II-R Questionnaire

The instructions for this questionnaire were as followded3e read through the following list
of items and situations, and circle the word that best dessrihe amount of fear that you feel

towards that object or situation. Please cimmte word onlyper description.”

The possible fear words for each item and their score wereeNb), Very little (2), A little (3),

Some (4), Much (5), Very much (6), and Terror (7). The feangésituations were:

Sharp objects lliness or injury to loved ones
Being a passenger in a car Driving a car
Dead bodies Mental iliness

Suffocating

Being a passenger in an airplane

Worms

Rats and mice

Hypodermic needles

Sharks

Roller coasters
Being alone
Death

Being in a fight
Fire

Blood

Heights
Swimming alone
lliness

Electric shock

Domestic animals

Closed places
Boating
Spiders
Thunderstorms
Snakes
Cemeteries
Seeing a fight
Death of a loved one
Dark places
Strange dogs
Deep water
Sight of weapons
Stinging insects
Untimely or early death
Car accidents

Strangers
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Appendix D

IAPS Picture Valence and Arousal Ratings from Study 1

The following are the means and standard errors for all pestuated by participants in Study
1. The IAPS number and descriptions are as stated in the |IA&%ah (Lang et al., 1999b).
The ‘Category’ column details which of the three basic affeccategories the picture was
placed in for analysis in Study 1. The detail in square brackelicates the specific negative
category these pictures were placed in. [Sn] representeguatures, [Sp] spider pictures,
[An] non-snake/spider unpleasant animals, [T] non-aniima&at pictures, and [M/D] mutilation

or disgust pictures.

Table D1: Means (and Standard Errors) for Valence and AtdRaiings of IAPS Pictures in Study 1.

IAPS Number Description Valence Arousal Category

1019 Snake 3.41 (.26) 5.09 (.3) Negative [Sn]
1022 Snake 3.68 (.26) 4.95 (.33) Negative [Sn]
1030 Snake 4.77 (.26) 3.36 (.3) Negative [Sn]
1040 Snake 3.55 (.22) 4.82 (.31) Negative [Sn]
1050 Snhake 3.37 (.31) 5.37 (.32)  Negative [Sn]
1051 Snake 3.88 (.32) 4.81 (.3) Negative [Sn]
1052 Snake 3.84 (.23) 4.67 (.32) Negative [Sn]
1070 Snake 4.12 (.28) 4,12 (.31) Negative [Sn]
1080 Snake 4.49 (.26) 3.70 (.29) Negative [Sn]
1090 Shake 4.30 (.28) 3.84 (.32) Negative [Sn]
1101 Snake 4.35 (.28) 4.21 (.31) Negative [Sn]
1110 Snake 459 (.25) 4.23 (.3) Negative [Sn]
1111 Snake 3.77 (.25) 4.68 (.32) Negative [Sn]
1112 Snake 3.82 (.29) 5.27 (.35) Negative [Sn]
1113 Snake 3.82 (.24) 455 (.34) Negative [Sn]

1120 Snake 3.28 (.29) 5.19 (.3) Negative [Sn]
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IAPS Number Description Valence Arousal Category
1121 Lizard 6.23 (.26) 3.05 (.26) Positive

1200 Spider 3.98 (.32) 4.35 (.39) Negative [Sp]
1201 Spider 3.93 (.26) 4.44 (.32) Negative [Sp]
1220 Spider 3.65 (.24) 4.44 (.34) Negative [Sp]
1230 Spider 4.72 (.27) 3.98 (.35) Negative [Sp]
1240 Spider 4.68 (.31) 3.77 (.3) Negative [Sp]
1270 Cockroach 4.00 (.23) 3.68 (.25) Negative [An]
1274 Cockroach 3.95 (.24) 3.91 (.29) Negative [An]
1275 Cockroach 4.23 (.25) 3.68 (.28) Negative [An]
1280 Rat 2.86 (.21) 4.64 (.33) Negative [An]
1300 Pit Bull 2.68 (.22) 5.82 (.28)  Negative [An]
1301 Dog 3.74 (.27) 4.30 (.33) Negative [An]
1302 Dog 4.07 (.27) 4.44 (33)  Negative [An]
1303 Dog 4.00 (.25) 441 (.33) Negative [An]
1313 Frog 5.77 (.22) 3.27 (.26)  Positive

1321 Bear 4,91 (.35) 4.07 (.3) Negative [An]
1460 Kitten 8.18 (.2) 3.36 (.33) Positive

1610 Rabbit 7.05 (.25) 259 (.26) Positive

1620 Springbok 7.65 (.22) 2.16 (.25) Positive

1670 Cow 6.67 (.24) 1.79 (.21) Positive

1710 Puppies 8.72 (.11) 3.65 (.4) Positive

1720 Lion 6.81 (.26) 3.28 (.25)  Positive

1721 Lion 8.14 (.15) 3.41 (.33) Positive

1750 Bunnies 8.09 (.17) 2.95 (.33) Positive

1910 Grouper 6.09 (.25) 2.45 (.25) Positive

1920 Porpoise 791 (.22) 3.32 (.37) Positive




Table D1: continued.

250

IAPS Number Description Valence Arousal Category

1930 Shark 2.91 (.28) 6.18 (.28) Negative [An]
1931 Shark 3.98 (.23) 5.14 (.33) Negative [An]
2030 Woman 6.67 (.27) 2.07 (.26) Positive

2040 Baby 8.07 (.2) 2.95 (.28) Positive

2050 Baby 7.68 (.22) 3.09 (.31) Positive

2160 Father 7.64 (.23) 3.23 (.31) Positive

2200 Neutral Face 5.50 (.19) 2.45 (.25)  Neutral

2210 Neutral Face 4.68 (.17) 2.77 (.25) Neutral

2220 Male face 4.86 (.25) 3.09 (.27) Neutral

2250 Neutral baby 6.45 (.29) 2.77 (.29) Neutral

2276 Girl 2.55 (.2) 3.73 (3)  Neutral

2530 Couple 7.93 (.18) 2.40 (.26) Positive

2540 Mother 7.79 (.21) 2.81 (.3) Positive

2650 Boy 7.23 (.19) 1.79 (.22)  Neutral

2692 Bomb 3.73 (.22) 4.23 (.37)  Negative [T]
2840 Chess 5.27 (.21) 1.86 (.2) Neutral

3000 Mutilation 1.27 (1) 7.50 (.3) Negative [M/D]
3010 Mutilation 1.45 (.2) 6.86 (.29)  Negative [M/D]
3100 Mutilation 1.45 (.14) 6.82 (.32) Negative [M/D]
3140 Mutilation 1.68 (.18) 6.50 (.3) Negative [M/D]
3150 Mutilation 2.12 (.19) 6.16 (.38) Negative [M/D]
3170 Mutilation 1.65 (.22) 6.49 (.37) Negative [M/D]
3280 Dental exam 3.50 (.22) 4.23 (.31) Negative [M/D]
4180 Erotic female 5.95 (.26) 3.41 (.37) Positive

4210 Erotic female 5.00 (.41) 412 (.41) Positive

4235 Erotic female 541 (.34) 3.73 (.34) Positive
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IAPS Number Description Valence Arousal Category
4240 Erotic female 5.00 (.35) 3.59 (.35) Positive
4250 Attractive female 6.72 (.25) 2.53 (.29) Positive
4290 Erotic female 4.21 (.38) 3.98 (.4) Positive
4470 Erotic male 5.00 (.33) 3.51 (.33) Positive
4500 Attractive man 5.98 (.28) 2.49 (.24) Positive
4510 Attractive man 5.86 (.25) 2.77 (.25) Positive
4520 Erotic male 6.50 (.26) 3.50 (.34) Positive
4550 Erotic male 5.32 (.32) 3.95 (.3) Positive
4611 Erotic couple 6.64 (.25) 4.23 (.33) Positive
4653 Erotic couple 6.95 (.24) 3.47 (.32) Positive
4660 Erotic couple 6.63 (.25) 3.42 (.32) Positive
5200 Flowers 7.74 (.21) 2.02 (.24)  Neutral
5520 Mushroom 5.70 (.22) 1.65 (.21) Neutral
5530 Mushroom 5.56 (.23) 1.51 (.18) Neutral
5731 Flowers 7.00 (.23) 1.79 (.2) Neutral
5740 Plant 5.86 (.19) 1.64 (.19)  Neutral
5760 Nature 7.95 (.19) 291 (.31) Neutral
5820 Mountains 6.86 (.33) 3.23 (.35) Neutral
5830 Sunset 8.05 (.19) 3.50 (.36) Positive
5875 Bicyclist 6.63 (.23) 2.02 (.24) Positive
5900 Desert 6.72 (.26) 2.58 (.33) Neutral
5982 Sky 7.51 (.25) 3.23 (.31)  Neutral
6000 Prison 3.64 (.22) 4.09 (.32) Negative [T]
6020 Electric chair 3.14 (.24) 4.49 (.33) Negative [T]
6150 Outlet 5.27 (.15) 1.68 (.21)  Neutral
6190 Aimed gun 3.60 (.25) 453 (.32) Negative [T]
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IAPS Number Description Valence Arousal Category
6200 Aimed gun 3.98 (.21) 3.84 (.31) Negative [T]
6210 Aimed gun 4.02 (.24) 3.84 (.28) Negative [T]
6230 Aimed gun 2.86 (.18) 5.50 (.34) Negative [T]
6243 Aimed gun 3.23 (.25) 4.86 (.33) Negative [T]
6244 Aimed gun 2.86 (.23) 5.36 (.34) Negative [T]
6250 Aimed gun 3.23 (.22) 5.23 (.29) Negative [T]
6260 Aimed gun 3.09 (.24) 5.93 (.32) Negative [T]
6300 Knife 2.86 (.21) 5.37 (.33) Negative [T]
6410 Aimed gun 4.26 (.23) 3.28 (.28) Negative [T]
6930 Missiles 491 (.21) 2.40 (.26) Negative [T]
7000 Rolling pin 5.14 (.16) 1.50 (.21) Neutral
7002 Towel 5.32 (.14) 1.50 (.2) Neutral
7006 Bowl 5.09 (.11) 1.23 (.12)  Neutral
7010 Basket 5.18 (.11) 1.45 (.17) Neutral
7020 Fan 5.56 (.22) 1.37 (.17) Neutral
7030 Iron 5.19 (.13) 1.60 (.17) Neutral
7050 Hair dryer 542 (.17) 1.28 (.14) Neutral
7060 Trash can 5.09 (.18) 1.42 (.18) Neutral
7080 Fork 5.32 (.14) 1.45 (.18)  Neutral
7090 Book 5.32 (.13) 159 (2)  Neutral
7100 Fire hydrant 5.14 (.14) 1.36 (.15) Neutral
7110 Hammer 491 (.13) 2.05 (.24) Neutral
7130 Truck 5.47 (.2) 1.74 (.22)  Neutral
7150 Umbrella 5.56 (.23) 1.47 (.22) Neutral
7170 Light bulb 5.56 (.2) 1.42 (.16)  Neutral
7182 Checkerboard 5.56 (.24) 3.00 (.27) Neutral
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IAPS Number Description Valence Arousal Category
7190 Clock 5.41 (.17) 1.68 (.21)  Neutral
7200 Brownie 7.05 (.24) 2.44 (.3) Positive
7207 Beads 5.41 (.24) 2.18 (.25) Neutral
7211 Clock 5.27 (.14) 1.64 (.23)  Neutral
7224 File cabinets 5.00 (.11) 1.59 (.21) Neutral
7230 Turkey 7.23 (.26) 2.53 (.33) Positive
7270 Ice cream 7.65 (.21) 277 (.31) Positive
7325 Watermelon 8.12 (.18) 2.49 (.29) Positive
7350 Pizza 7.05 (.26) 3.05 (.29) Positive
7491 Building 5.33 (.2) 1.84 (.21)  Neutral
7495 Store 5.93 (.21) 2.02 (.27) Neutral
7500 Building 5.23 (.17) 1.70 (.25)  Neutral
7503 Card dealer 5.70 (.19) 2.12 (.28) Neutral
7560 Freeway 4.73 (.22) 2.73 (.32) Neutral
7580 Desert 8.14 (.18) 3.36 (.36) Positive
7590 Traffic 4.95 (.2) 2.77 (.27) Neutral
7600 Dragon 6.55 (.23) 3.36 (.29) Positive
7620 Jet 6.53 (.27) 253 (.31)  Neutral
7830 Agate 5.23 (.17) 1.88 (.21) Neutral
7900 Violin 6.16 (.2) 1.47 (.16)  Neutral
7920 Car crash 5.09 (.28) 2.35 (.25) Neutral
7950 Tissue 5.23 (.15) 1.32 (.14) Neutral
8030 Skier 7.09 (.25) 6.09 (.32) Positive
8080 Sailing 6.95 (.24) 4.32 (.31) Positive
8120 Athlete 7.18 (.21) 259 (.25)  Positive
8200 Water skier 7.84 (.18) 3.93 (.35) Positive
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IAPS Number Description Valence Arousal Category

8350 Tennis player 7.56 (.2) 3.14 (.33) Positive

8370 Rafting 7.88 (.21) 4.72 (32)  Positive

8500 Gold 7.14 (.27) 3.51 (.38) Positive

9007 Needles 2.77 (.2) 4.86 (.33) Negative [M/D]
9008 Needle 3.41 (.29) 359 (.29)  Negative [M/D]
9140 Cow 2.64 (.18) 4.45 (29)  Negative [M/D]
9180 Dead seal 291 (.28) 3.93 (.28) Negative [M/D]
9400 Soldier 2.02 (.19) 5.19 (.34) Negative [M/D]
9571 Dead cat 1.74 (.15) 547 (.32) Negative [M/D]
9582 Dental exam 3.60 (.24) 4.21 (.33) Negative [M/D]
9584 Dental exam 3.79 (.2) 3.60 (.3) Negative [M/D]
9592 Injection 4.21 (.2) 3.70 (.3) Negative [M/D]
9594 Injection 4.49 (.19) 3.42 (.28) Negative [M/D]
9630 Nuclear bomb 3.41 (.38) 5.18 (.33) Negative [T]
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Pictures used in Study 2
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The pictures used in Study 2 are listed in Table E1. The follgWAPS pictures were also

included as ‘Filler’ pictures: 3000 (Mutilation), 3150 (Miation), 9180 (Dead Seal), 9400

(Dead Soldier). Startle probes were never presented diHilhgy’ negative contents.

Table E1: Picture set used in Study 2.

Positive Neutral Animal Threat Human Threat
1460  Kitten 2200 Neutral Face 1050 Snake 2692 Bomb
1710 Puppies 2210 Neutral Face 1051 Snake 6020 Electric chai
1720 Lion 2840 Chess 1052 Snake 6190 Aimed gun
1920 Porpoise 5520  Mushroom 1120 Snake 6230 Aimedgun
2040 Baby 5530 Mushroom 1300 PitBull 6244  Aimed gun
2530 Couple 5740 Plant 1301 Dog 6260 Aimed gun
5982  Sky 6150 Outlet 1930 Shark 6250 Aimed gun
7200 Brownie 7000 Rolling pin 1931 Shark 6300 Knife
7270 Ice cream 7002  Towel
7350 Pizza 7006 Bowl
7580 Desert 7050 Hair dryer
7600 Dragon 7130  Truck
8030  Skier 7182  Checkerboard
8200  Water skier 7190 Clock
8350 Tennisplayer 7207 Beads
8370 Rafting 7224  File cabinets
4210/2160 Nude 7503 Card dealer
4235/4520 Nude 7590  Traffic
4240/4550 Nude 7830 Agate
4611  Erotic Couple 7950 Tissue

Note. For nude pictures, the first picture number noted wad f@ male participants, and the second for female

participants.
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Appendix F

Pictures used in Studies 3a and 3b

The pictures used in Study 3a and Study 3b are listed in TableTable F2 presents a list
of ‘Filler’ pictures used in both Studies 3a and 3b. Startiehes were not presented on these

pictures in either study.

Table F1: Picture set used in Studies 3a and 3b.

Positive Neutral Mutilation Threat
Study 3a
1460  Kitten 2840 Chess 3140 Mutilation 1300 Pit Bull
2040 Baby 5740 Plant 3150 Mutilation 1301 Dog
2530 Couple 7006 Bowl 3170 Mutilation 6244  Aimed gun
4210/4520 Nude 7182 Checkerboard 9008 Needle 6250 Aimed gun
7350 Pizza 7503 Card dealer 9140 Cow 6260 Aimed gun
8030  Skier 7830 Agate 9400  Soldier 6300 Knife
Study 3b
1710 Puppies 5520 Mushroom 3000 Muitilation 1321 Bear
1920 Porpoise 6150 Outlet 3010 Muitilation 1930 Shark
2540 Mother 7050 Hair dryer 3051 Mutilation* 6190 Aimed gun
4235/4550 Nude 7207 Beads 9433 Deadman* 6230 Aimedgun
7270 Ice cream 7590 Traffic 9500 Porpoises* 6243 Aimed gun
8200 Water skier 7950 Tissue 9571 Dead cat 6510 Attack *

Note. For nude pictures, the first picture number noted wed tr male participants, and the second for female
participants. Asterisks indicate that the picture was atad in Study 1, and so IAPS standardised ratings for these
pictures were used in calculating mean valence and aroatiadjs reported in Table 13.



Table F2: ‘Filler’ Pictures used in Studies 3a and 3b.

2200
2210
5530
7000
7002
7130
7190
1224
4240

Neutral Face
Neutral Face
Mushroom
Rolling Pin
Towel

Truck

Clock

Filing cabinet

Nude (Male Participants) 2160 Father (Female Paaintg)

1460 Kitten

1720 Lion

4611 Erotic Couple
7200 Brownie
7580 Desert
7600 Dragon
8350 Tennis player
8370 Rafting
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Appendix G

Pictures used in Study 4

Table G1 lists the IAPS pictures used in Study 4, and dividestinto Emotional Categories

and Arousal conditions.

Table G1: High and Low Arousal Pictures Used in Study 4, Daditchy Emotional Category.

Arousal Condition

High Low
Threat 1050 Snake 1301 Dog
1300 Pit Bull 6020 Electric Chair
6230 Aimed Gun 6190 Aimed Gun
6250 Aimed Gun 6243 Aimed Gun
6260 Aimed Gun 6244 Aimed Gun
6300 Knife 6410 Aimed Gun
Mutilation 3000 Mutilation 3051 Mutilation
3030 Mutilation 3550 Injury
3071 Mutilation 9140 Cow
3150 Mutilation 9400 Soldier
3400 Severed hand 9433 Dead man
9250 War victim 9571 Cat
Neutral 2220 Male Face 5530 Mushroom
2230 Sad face 6150 Outlet
7190 Clock 7130 Truck
7620 Jet 7500 Building
7820 Agate 7550 Office
7830 Agate 9070 Boy
Positive 4180/4290 Nude 1710 Puppies
4500/4510 Nude 2160 Father
4660 Erotic Couple 7200 Brownie
8030 Skier 7230 Turkey
8080 Sailing 7270 Ice Cream
8200 Water skier 8500 Gold

Note. For nude pictures, the first picture number noted wad tm male participants, and the second for female
participants.
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Appendix H

Pictures and Silhouettes [Simple Pictures] used in Study 5

Table H1 lists the pictures that were included in the ‘comiptecture conditions for the posi-
tive, neutral, and spider categories. An asterisk denbtesetcolour pictures that were created
for this study by the author, and are available on requestidus in square brackets indicates
that an IAPS photograph was used as a background to a nonfixB@ound item. A brief
description is provided for these pictures. Table H2 lies FAPS photographs used as filler

pictures in this study.

Table H1: Complex Condition Pictures Used in Study 5.

Condition IAPS Number Description

Spiders 1200
1201
1220
1230
1240
Spider * Small spider on leaf

Neutral 5520
7110
7211
7004
7035
7150

Positive 5010
Flower * White flowers on leaf background
Flower * Pink and yellow flower
[7705] * Apple on background of toolbox [IAPS]
[7237] * Bananas on abstract background [IAPS]
[7182] * Candy on abstract background [IAPS]
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Table H2: IAPS Filler Pictures Used in Study 5.

Positive Neutral Negative
1440 Seal 2200 Neutral face 1930 Shark
2540 Mother 5250 Nature 6020 Electric chair
7270 Icecream 7050 Hairdryer 6230 Aimedgun
8021 Skier 7500 Building 9001 Cemetery

The following pages include the ‘simple’ condition pictaresed in Study 5. These pictures
were presented as white foregrounds on black backgroundatohnmore closely in overall
brightness to the ‘complex’ condition pictures, but aresprged here as negative images (i.e.,

black foreground on white background) to facilitate viegvand printing.



Figure HL Spider silhouette used in Study 5

Figure H2 Spider silhouette used in Study 5

Figure H3 Spider silhouette used in Study 5
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Figure H4.  Spider silhouette used in Study 5

Figure H5 Spider silhouette used in Study 5

Figure H6. Spider silhouette used in Study 5
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Figure H7. Neutral condition silhouette used in Study 5, adapted ft&RS picture 5500

Figure H8 Neutral condition silhouette used in Study 5, adapted fr&RS picture 5740

Figure H9. Neutral condition silhouette used in Study 5, adapted fr&RS picture 7009
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Figure H1Q Neutral condition silhouette used in Study 5, adapted fr&RS picture 7034

Figure H11 Neutral condition silhouette used in Study 5, adapted ffARS picture 7080

Figure H12 Neutral condition silhouette used in Study 5, adapted f¥ARS picture 7190
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Figure H13 Positive condition silhouette used in Study 5, adaptech ftl&PS picture 5001

Figure H14 Positive condition silhouette used in Study 5, adaptech ft&PS picture 5030

Figure H15 Positive condition silhouette used in Study 5
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Figure H16 Positive condition silhouette used in Study 5

Figure H17 Positive condition silhouette used in Study 5

Figure H18 Positive condition silhouette used in Study 5



