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Abstract
Individuals who disproportionately attend to negataspects of a situation (attention bias),
or who unduly interpret ambiguity in a negative man(interpretive bias) report more
psychological ill-effects of stress than those viattanced or positively-skewed
inclinations. Cognitive Bias Modification (CBM) teriques improve maladaptive biases
through implicitly-based association learning, witduced positive biases buffering the
future perception of stress. Six experimental gsidhvestigated the next stage of this link
to bolster and significantly enhance the clinicatigmtial of CBM; how natural and
modified biases influence the biological respomsadute stress. Studies 1-3 established
reliable protocols associated with using laborasirgss tasks and measuring salivary
stress biomarkers. Studies 4-5 investigated lik&/éen natural and trained biases on
psychological and biological stress responses.ySiudsted the immediate robustness of
CBM training. While psychological and physiologicatess responses were initiated,
attentional biases were not found to moderate duotegical stress responses.
Conversely, interpretive biases were related taekhevery from the acute stress and
positive interpretive training led to a faster lbigical recovery from acute stress in high
test-anxious individuals relative to sham trainiHgwever, neither bias was found to
moderate the psychological response to stresshdéryevidence emerged to caution a
more selective use of CBM. Positive interpretiaring led to a more negative bias and
slower physiological recovery to stress in indivatiuwith low trait anxiety or inherent
positive biases. From these results, informatiat@ssing biases are proposed to have less
influence on genuinely stressful events but, inktgavern the extent to which
unthreatening situations are perceived as stres3@uisequently, negative biases are
hypothesised to cause unnecessary and excessoappens of stress, resulting in chronic
hyper-activity. Combined CBM-A/I tools are recomrded to jointly realign maladaptive

biases, enabling an effective, efficient, but tramg physiological response to real stress.
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CHAPTER ONE

1.0 CHAPTER ONE

INTRODUCTION

1.1 Overview

Over the last 25 years, much attention has beeicated to the relationship between
cognitive biases and anxiety. This journey stabtgdesearchers noting a positive correlation
between cognitive bias and anxiety, with tendentidscus predominantly on negative
aspects of a situation or interpreting ambiguiipgpally in a negative manner being
associated with higher levels of anxiety (e.g. Memd, Mathews, & Tata, 1986, Butler &
Mathews, 1983, respectively). In an effort to exelthe issue of causation, researchers
developed computerised programmes that successfioldjfied natural attentional and
interpretive biases (MacLeod, Rutherford, Camplegdsworthy, & Holker, 2002, Grey &
Mathews, 2000, respectively). These researchergifthat training individuals towards a
more positive or negative bias led to changes ety vulnerability to subsequent stressful
events (e.g. Wilson, MacLeod, Mathews, & Rutherf@@06). Since then, the field has been
flooded with studies replicating these effectsiifedent contexts (e.g. study venue, method
of delivery, see Beard 2011 for a review), andreasntly demonstrated its potential in

clinical settings (e.g. Schmidt, Richey, BucknerTgnpano, 2009).

Before these cognitive bias modification (CBM) huats can be introduced as
standalone clinical tools, there remains certaigdly blank areas of investigation. One such
area concerns the extent to which the anxiety4@kasionship exists on a biological level,
that is, whether threat biases affect our physioldgtress systems in the same manner as
our psychological stress systems. It seems logpcassume that cognitive biases do on some
level predict how individuals respond on both agh®fogicaland physiological scale,

though there is currently little data to concluldis either way. As over-active biological
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systems have been linked to adverse mental andcghigalth, finding a method of
reducing this activity (i.e. through bias modificex) could further the clinical potential of
CBM. The overall objective of the research in thissis is to explore the link between
attentional and interpretive biases and psychoplogical vulnerability to acute stress. This
objective shall be addressed by monitoring respofreen the two main stress pathways
(hypothalamic-pituitary-adrenal and sympatheticsend investigating the influence of
natural and trained cognitive biases on psychodd@nd physiological stress responses to

acute stress paradigms.

This introductory chapter will discuss the conoafgphysiological stress, including
perception and response. Literature on attentiandlinterpretive cognitive biases will then
be presented, which will cover knowledge of linletviieen cognitive biases and anxiety,
recent efforts aimed at establishing a link betwemgnitive biases and psychophysiological
stress, and the potential for CBM to modify emadilceind physiological vulnerability to

stress. Finally, specific aims and hypotheses@thlesis shall be presented.

1.2 Stress

1.2.1 Conceptualising Stress

The concept of ‘stress’ is nowadays a well represseand familiar topic in the
media, in health and lifestyle recommendations,iardutine everyday conversations. Due
to its constant use, the term has become somewttagaous in meaning. In modern science
the term ‘stress’ is commonly used to refer to mdkforces (e.g. an environmental factor
such as an exam), internal states (e.g. feelirge)enr physical responses (i.e. how the body

reacts).
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Selye (1936) was amongst the first to operatioadhe concept of stress in a
psychological sense and defined it as “the nonfipeesponse of the body to any demand
made upon it (p. 32). Selye argued that every individual exiedbia non-specific three stage
physiological response to every challenge, whickehmed the general adaptation syndrome
(GAS; Selye, 1976). Following the perception oést, individuals enter the first stage,
alarm, during which an organism initiates a physgatal response. This stage is similar to
Cannon’s (1929) fight or flight theory, with phykigical activation serving to prepare the
body with energy to either contest the stressghffior flee the threat (flight). A key aspect
of this alarm phase is that the response to densageheric across organisms and situations,
positive or negative, a point which has receiveasaterable criticism over the years (e.qg.
McEwen, 2005). Where stressors persist, organisites the second stage of Selye’s GAS
model; coping and resistance. During this staggeSmbstulated that internal systems adapt
to the stressor to reduce its impact. While thealheffects of the stressor reduce or disappear
during this stage, the organism is more susceptibte¢her stressors. As these coping
capacities are finite, where an individual’s alitib cope is exceeded by the persistence or
amplification of the stressor the third stage, ewti@an, occurs. During this stage, the initial
effects of the stressor reappear due to a depteteakity to counter them, leading to illness

and possibly death.

Of principal importance in Selye’s (1976) GAS modeis the concept of maintaining
a homeostatic balance. While stage one - the ploggtal response to acute stress — is still
thought to be valid, the secondary stages have figgjacted to reinterpretation over the
years. For example, McEwen (2005; McEwen & Wingfjel003) distinguished between the
terms homeostasis, a balance of physiological blasa(e.g. temperature) that are essential
for life, and allostasis, the process of resumiogneostatic balance. McEwen claimed that

stage 1 of Selye’s model represented an initiak#dltic effort which, if sustained, resulted in
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an allostatic state (stage 2 of GAS). Allostatatess consisted of physiological and
behavioural changes aimed at restoring homeosteaisre to fulfil this aim ultimately
resulted in allostatic load or overload (stage &8§S). This final reinterpreted stage presents
the largest disparity to Selye’s model as, whiégst3 of the GAS was always considered
harmful, McEwen noted that this stage resultedhendollective effects of allostatic states
that could either be adaptive or maladaptive. kan®le, allostatic loads (adaptive) might

be illustrated by an animal that has gained conaide body weight prior to hibernation.
Alternatively allostatic overloads (maladaptive)gimi arise following random environmental

extremes (e.g. natural disasters) which leavesgamem susceptible to disease.

1.2.2 Physiological Response to Stress

While Selye documented various physiological changesach stage of the GAS
model, many have since been outdated and so haveeo noted here. At present, itis a
generally agreed upon notion that individuals exlalphysiological reaction to an event
perceived as stressful and that, as Selye postiyldiis is a hon-specific reaction. This acute
physiological response consists of a dual actimabiotwo key stress systems; the
sympathetic-adrenal-medullary (SAM) and hypothatapituitary-adrenal (HPA) axes (e.g.
Charmandari, Tsigos, & Chrousos, 2005; Yang & Glaa@02). The SAM axis forms part of
the autonomic nervous system (ANS), which is cdletidoy the hypothalamus and is
responsible for regulating a range of physiologamlvity, such as heart rate, digestion, and
blood pressure. The ANS is comprised of the syngiatland parasympathetic branches,
which generally work together in an antagonisticimex with parasympathetic dominance
during times of rest. SAM activation provides atelely immediate effect, commonly
referred to as the ‘fight or flight’ response (Cann1929), during which there is a more
dominant sympathetic tone. Contemporary understgnoli Cannon’s work argues that

sympathetic arousal serves to redirect energydtesys that might be most useful to combat

4
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the challenge, such as increased blood flow to lesisather than digestive tracts, and
increased heart rate (Galosy, Clarke, Vasko, & @yedy 1981). On encountering a high
level of stress, HPA activation occurs involvingejuence of hormonal changes.
Corticotrophin-releasing factor (CRF) is secretexuhf the paraventricular nucleus of the
hypothalamus stimulating the release of adrenamurtphic hormone (ACTH) from the
anterior pituitary gland. ACTH travels through thleod to the adrenal glands, directing the
release of glucocorticoids, such as cortisol. Aanajnction of cortisol is to act on reserves
of glucose (glycogen) to release the stored en@pw, 2001). The HPA complex operates
on a negative feedback loop, during which the sddaylucocorticoids act back on the first

stages of the hormonal transmission to suppresittieer release of CRF and ACTH.

This thesis is concerned with capturing acute psipdical and physiological
responses to stress. The literature so far intedlbas related to the physiological stress
response. Prior to considering the subjective obkress perception, such as cognitive
buffers and individual differences that place afividual at a greater or lessened risk of
eliciting a physiological stress response, it ipamant to first discuss how the physiological

response will be represented.

1.2.3 Capturing the Physiological Stress Response

Cortisol. As an end product of HPA activation, cortisol hasdime the hormone that
is most frequently studied in the assessment ogbltlysiological stress response. Following
secretion, cortisol circulates throughout the bwdihe bloodstream. After a 15 minute delay,
free cortisol (that which remains physiologicalttige rather than being bound to proteins)
enters the saliva through the cellular membranesd®-Eriksson, Karlberg, & Holm, 1998).
For researchers, salivary cortisol provides a pralgtiess costly, and minimally-invasive

mode of measurement relative to serum cortisol,sfuagdes a stronger correlation with serum
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ACTH (Aardal-Eriksson et al., 1998). For this reassalivary cortisol arguably provides a

better indicator of HPA activation compared withuse cortisol.

Levels of cortisol in the circulatory system (exdihg exogenous activation) are
regulated by diurnal rhythms (Kirschbaum & Hellhaemml989). Typically, cortisol levels
significantly rise after awakening (Horrocks et 4B90) to a peak approximately 30-45
minutes after waking (Pruessner et al., 1997). phogile, commonly known as the cortisol
awakening response (CAR), is present from very gdafancy (under one years of age; de
Weerth, Zijl, & Buitelaar, 2003) and is thoughtreanain stable over time (Pruessner et al.,
1997), though can be affected by stress. For ex@ripinz-Ebrecht, Kirschbaum, Marmot,
and Steptoe (2004) found evidence of a larger GAR dreater release of cortisol) in
participants on workdays compared to weekend d&yis.was not found to be linked to time
of awakening, which has previously been considaeedn influential factor (e.g. Kudielka &
Kirschbaum, 2003). Instead, Kunz-Ebrecht et alppsed the differences to be due to
occupational demands experienced on workdays, glwinch participants reported
significantly greater levels of stress and sigaifity poorer mood. This conclusion linking
stress to the CAR is shared among many eminerdnasers within the field (e.g. Pruessner,
Hellhammer, Pruessner, & Lupien, 2003; Schlotz)ie@hmer, Schulz, & Stone, 2004;
Wust, Federenko, Hellhammer, & Kirschbaum, 2000)ldwing the initial rise, cortisol
levels gradually decline for the remainder of thg Edwards, Evans, Hucklebridge, &

Clow, 2001).

Studies focusing on changes in cortisol to infeAH#etivation in biobehavioural
research typically place saliva collection poini®ipto a procedure (e.g. an acute stress task)
and at several time points following the task. Tihst collection point acts as a baseline
measure against which subsequent samples are gashfpamonitor change over time.

Increases in cortisol have been documented follgwinange of laboratory stressors, such as

6
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forced exposure to unpleasant graphic stimuli (degtek, 2002; Takai et al., 2004), extreme
temperatures (e.g. al'Absi, Petersen, & Wittmef@)2 Andreano & Cabhill, 2006), social
rejection (e.g. Blackhart, Eckel, & Tice, 2007;did, Salovey, & Epel, 2002), and the Trier
Social Stress Test (TSST; Kirschbaum, Pirke, & kthmer, 1993), which is a task that is
specifically tailored to combine various stres&idments (e.g. Fiocco, Joober, & Lupien,

2007; Schommer, Hellhammer, & Kirschbaum, 2003).

Factors that affect cortisol levels include (althbware not limited to) caffeine (e.g.
Lovallo et al., 2005), nicotine (e.g. Stalke ef 4892), alcohol (e.g. Badrick et al., 2008), and
strenuous physical exercise (e.g. Usui et al., pQ2értain traits, such as personality or traits
linked with personality (e.g. aggression), have &lsen shown to influence cortisol release
(e.g. Oswald et al., 2006; Pruessner et al., 190f)this reason, where possible, such factors

should be controlled or measured in laboratoryietud

Alpha Amylase.Only relatively recently, salivary alpha amylas®A3 has started to
receive attention as a possible indicator of syfmgtat activation. Though it's primary
function is to aid the digestive process (Baum,3)9fhis enzyme has been found to mirror
stress-induced changes in noradrenaline followymgpmthetic activation (Chatterton,
Vogelson, Lu, Ellman, & Hudgens, 1996; RohledenteXaNolf, Ehlert, & Kirschbaum,
2004). However, while there is a general consetigatssAA increases following a range of
acute stressor tasks (e.g. Allwood, Handwergerlighan, Granger, & Stroud, 2011; Bosch
et al., 1996; Nater et al., 2005, 2006; Rohleded.e2004; van Stegeren, Wolf, & Kindt,
2008; Wetherell et al., 2006), more recent resesuggests that the relationship between
SAA and noradrenaline is not as analogous asdirgisaged. For example, Nater et al.
(2006) identified increases in both variables fwilog the induction of stress (using the
TSST), though additionally noted that correlatibesween the two parameters were not

statistically significant. Similar findings havedredemonstrated by Wetherell et al..
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Alternatively, studies have demonstrated significamrelations between sAA reactivity and
other measures of sympathetic activation, suclkiascenductance (EI-Sheikh, Erath,
Buckhalt, Granger, & Miza, 2008) and aspects oflicaascular reactivity (Nater et al.,
2006). In light of this and the robust findingsstfess-induced increases in SAA, current
opinion within the field considers sAA to refleginspathetic activation more generally rather

than noradrenaline specifically.

Prior to literature indicating the potential of sAthere was no established reliable
method of monitoring sympathetic activation froreadiva sample as the transfer of
noradrenaline itself into saliva takes approxima6él minutes, which makes it near
impossible to accurately map any stress-induceidti@an (Kennedy, Dillon, Mills, &

Ziegler, 2001). While it was possible to assesadi@naline activity through serum samples,
the invasive nature of the collection procedurea@ets a potential confound to researchers.
Since its introduction, sAA has quickly emergeagampular choice for researchers
investigating the area of stress primarily as #éldes assessment of the two major
physiological stress response systems (the SAMlan#iPA axes) reliably through one

parameter (e.g. Engert et al., 2011; Granger €2@0D7).

Produced in the acinar cells of the parotid sajilamd, one of the three major glands
responsible for the production and secretion aagHumphrey & Williamson, 2001), a
potential confound in the measurement of SAA come&hether its concentration in saliva is
influenced by changes in flow rate. Being flow rdependent implies that changes in the rate
at which saliva is secreted leads to direct chamgd® levels of enzymes and hormones
found within saliva. This matter is important imnsaderation of the fact that, while
noradrenaline increases follow sympathetic activatilow rate is governed predominantly
by parasympathetic command (Anderson et al., 1G834kett, 1987). Therefore, without

clarification of this relationship, it would not Ip@ssible to determine whether changes in

8
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SAA concentration reflect a sympathetic or parasgtingtic response thereby limiting the
enzymes biomarker potential. While initial investign into the matter suggests that the two
are independent (e.g. Rohleder, Wolf, Maldonad&i&chbaum, 2006), more recent
exploration suggests otherwise. For example, Bed#izal. (2010) identified a significant
inverse relationship between sAA activity and flate. This demonstrates that the two
variables might be linked. Owing to the matter Ib@ing fully resolved, current specialist
advice recommends controlling for saliva flow gsogential confound when measuring sAA

(Salimetrics LLC, 2012).

The natural activity of SAA is subject to circadngariation in a manner that appears
in direct opposition with cortisol rhythms (Ghicietal., 2011). Nater, Rohleder, Schlotz,
Ehlert, and Kirschbaum (2007) first profiled theimhal patterns of the enzyme in 76
participants (group composed of a mixed gended,dmtumented a steep fall in activity
within the first 30 minutes of waking, followed lygeneral increase in activity over the day.
As with cortisol, Nater et al. established sigrafit links between reported chronic stress and
the awakening response of sAA; higher levels obulwr stress were associated with greater
levels of SAA. This pattern has also been docunakimtgroups of participants who
experience the chronic stress of PTSD. Upon awakgeidihoma, Joksimovic, Kirschbaum,
Wolf, and Rohleder (2012) noted increases in SARTISD sufferers rather than the typical

decrease exhibited by healthy controls.

Several additional exogenous factors are knownxéot@n acute influence on sAA
and, thus, need to be controlled in research. Tinetgde nicotine (e.g. Zappacosta et al.,
2002), caffeine (e.g. Bishop, Walker, Scanlon, BRids, & Rogers, 2006), alcohol (e.g.
Enberg, Alho, Loimaranta, & Lenander-Lumikari, 2Q0dxercise (e.g. Chatterton et al.,
1996), and, as would be expected due to its suppaule in digestion, food intake (e.qg.

Messenger, Clifford, & Morgan, 2003).
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1.2.4 The Perception of Stress

Studies that measure the physiological responaeute stress paradigms often do so
to discern subjective factors that influence anviddial’s perception of (and, thus, their
response to) stress. While Selye (1976) remairadbyaorrect in his notion of a non-
specific response, he gave no consideration tishal differences that make an individual
more or less vulnerable to the ill-effects of stress such, he assumed that every organism
responds to every environmental challenge in theesamanner. This conjecture holds the

organism as a passive, almost robotic, entity enpitocess of being stressed.

More recent transactional models of stress foau®st exclusively on these
subjective factors that serve to mediate vulneitstio stress. For example, Lazarus and
Folkman (1984) highlight appraisal and coping sigas as key factors in determining what
situations evoke a stress response, and the eftdrdt response. On detecting threat,
individuals are suggested to undergo a primaryaipairof potential challenges in which
personal risk is calculated, prior to a secondapraisal in which individuals evaluate their
capacity to manage the challenge. Similarly, Caxk lsllackay’s (1981) transactional model
claims that stress occurs as a result of perceleetands exceeding an individual’s
perceived capacity to manage them. Since streselmbdve emerged that emphasise the
role of the individual in determining subjectivensgivity to stress, much effort has been
invested into identifying cognitive mediators afests. For example, the perception of control
over certain aspects of a potentially stressfulasibn has been shown to have a buffering
effect on the development of depressive symptomyilogdolescents (Deardorff, Gonzales,
& Sandler, 2003). Another factor that has receisteddily increasing amounts of interest
over the past decade as a possible mediator sssterounds the notion that certain internal
cognitive biases dictate the extent to which indlinals preferentially divide their information

processing resources in the face of ambiguity.

10
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1.3 Cognitive Biases

The termcognitive biaswvas first used by Zajonc (1960; Zajonc & Burnstdiags) to
refer to automatic assumptions made based on inedenpformation. This early meaning of
the term appears to have held, though it was nidtranch later that efforts were made to
investigate the effects of these biases on emotlark®79 Teasdale and Fogarty found that,
following positive or negative mood induction, peigiants recalled memories that were
analogous to their current mood (i.e. positive @gative in content) significantly quicker
than those that conflicted with their current mded). a positive memory following negative
mood induction). Teasdale and Fogarty proposedtiese findings were due to a recall bias,
in which current mood rendered memories of a cpoeding nature to be more accessible
while incongruous memories were less accessibl¢éhd&ies and Bradley (1983) additionally
found that mood induction tended to influence répgrof depressive episodes, with
negative mood induction being linked to a highduxwte and more severe symptomology
recall. These studies led to the comparison oWiddals who differed in their levels of trait

anxiety to investigate whether similar patternsesiponse were found.

1.3.1 Attention Biases and Anxiety

In 1986, MacLeod, Mathews, and Tata developedlkadasigned to objectively
measure the extent to which individuals attendositpyve and negative materials. The visual
probe task involves two words being simultaneopsésented for a short time on screen
above and below a central fixation point. One waedotes a negative meaning while the
other is neutral or positive in meaning. Typicalfter 500 milliseconds the words disappear
and a probe (e.g. a left or right facing arrow)egog in the spatial location of one of the
words. Participants are required to respond tgtbbe (e.g. identify the direction the arrow

points). This procedure continues for a numberialst Individuals who are generally faster

11
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to respond to probes that are positioned in tha pocation of negative words relative to
positive words are argued to have a negative batheir attention was automatically drawn
to the more negative of the stimulus enabling tlaeidentify the probe quicker. MacLeod et
al. found a clear distinction for individuals whachbeen referred for training in anxiety
management to preferentially focus their attentawaards negative words. Alternatively
matched control participants with more typical levaf anxiety displayed a preference

towards neutral words.

Variants of the visual probe task have been fretipemployed in studies
investigating attention biases, with the links betw negative attentional bias and anxiety
being replicated in many different samples andrsgdt Bradley, Hogg, White, Groom, and
de Bono (1999) demonstrated this effect in a dilycanxious sample. Using the visual
probe method, individuals suffering from generalisexiety disorder (GAD) were found to
disproportionately attend to pictures of faces thaplayed negative emotions over neutral
faces. The link between anxiety and attention lh&s l@een demonstrated in more specific
phobias. For example, Lavy, van den Hout, and A{t®93) found a significantly higher
tendency for spider-phobic participants to attendiords relating to spiders relative to
generally negative words or neutral words. Thik between anxiety and attention appears
very robust in the published literature, with oalyandful of studies having been included
here. To give an idea of the breadth of this figdiBar-Haim, Lamy, Pergamin, Bakermans-
Kranenburg, and van IJzendoorn (2007) reviewedstu@es that looked at this link and

concluded that the association between anxietyagtedtion was indeed reliable.

In a study that significantly progressed the autlegy of the cognitive bias’ proposed
influence, MacLeod and Hagan (1992) demonstratgatential for attentional bias to act as a
predictor for subsequent emotional distress foll@na stressful event. Higher anxiety was

matched with a negative attentional bias for fenpalicipants awaiting a cervical screening.

12
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For participants who subsequently received a calyathology diagnosis, preconscious
attention to threat was also found to significaipilgdict the intensity of their emotional
response. This effect has since been replicatagbylen Hout, Tenney, Huygens,
Merkelbach, and Kindt (1995), who showed the efiieet group of participants not currently

undergoing a high degree of stress.

1.3.2 Interpretive Biases and Anxiety

Following on from the early research investigatiagall bias and mood, Butler and
Mathews (1983) focused on the encoding phase rdtharthe recall phase of information
processing. They found that anxious individualsleghto interpret ambiguous materials in a
more threatening manner than less anxious indilsdé&arther, high anxiety was linked with
a propensity for focusing more on threatening tham-threatening material. In parallel to
work investigating attentional biases, researchbss set out to investigate the link between
biased interpretive cognitions and anxiety. Usirginailarly simple yet effective technique as
that used to investigate attentional bias, Math&achards, and Eysenck (1989) established
similar anxiety-bias effects dependent on how irligls interpreted emotional ambiguity.
To achieve this, Mathews et al. superset a sefieeraophones — words with both positive
and negative connotations (e.g. bury/berry) — anbist of words matched in terms of
familiarity and length characteristics. Particiganere presented the word list in an auditory
fashion and were required to write down the word/theard. While all participants showed a
preference for the threatening interpretationgetheas a clear difference in interpretive bias
between high and low anxious groups. Participams knad been referred for anxiety
management training (i.e. the high anxiety grogpprted the threatening interpretation of

homophones significantly more frequently than matcbontrol participants.

13
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An alternative manner of measuring biases of imetgpion involves presenting
participants with an emotionally ambiguous sentearwkrequiring them to either solve the
final word of the sentence (e.g. Hirsch & Mathe®@97) or read a subsequent sentence that
related to each meaning (positive and negativges/ely (e.g. MacLeod & Cohen 1993).
For example, a statement might read “The doctomaxad little Emily’s growth” (MacLeod
& Cohen, 1993). Participants would then be presewiéh the sentences “Her height had
changed since her last visit” (positive) or “Hemiour had changed since her last visit”
(negative). Importantly, the two sentences diffieliyon terms of the disambiguation word
(heightor tumouy). A faster reading speed in reading negativelgnvedd endings would
therefore be attributed to a negative interprebinas, as the meaning would be more

congruent with the reader’s understanding of tlemado.

Using the methods described above (or similar)aresers have, again, repeatedly
shown evidence to support the existence of anxlependent interpretive biases. For
example, Hazlett-Stevens and Borkovec (2004) detraied a tendency for participants with
GAD to automatically associate ambiguous homogr#&pbsds that have multiple meanings
though are spelt the same, e.g. batter) with theggative meaning relative to non-anxious
participants. Alternatively, Stopa and Clark (208Bpwed that participants with social
phobia interpreted ambiguous scenarios that depsxeial situations significantly more
negatively that control participants. As with attenal biases, therefore, it seems the effects

are well-documented and appear relatively robust.

1.3.3 Model of Cognitive Bias

Developments in the field of cognitive biases hiavgely been based on empirical
evidence rather than being derived through thezaietnodels. Of the models that do exist

(e.g.Ohman, 1993; Wells & Mathews, 1994; Williams, WaltgcLeod, & Mathews, 1997),
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one stands out for its attempts to explain bias&mation processing both in attention and
interpretation using one model. Mathews and Madksint(1998) posited that individuals
possess a Threat Evaluation System (TES), whicteséo reinforce/abate certain features of
a situation that compete for processing resoufcascally, the features need to differ in
terms of whether they do or do not represent areathConsider, for example, an emotional
Stroop task (e-Stroop; Gotlib & McCann, 1984), inieh participants are required to
determine the colour of a printed word. As a madition to the original Stroop task (Stroop,
1935), the printed words contained within an e-Gtrtask are emotionally valenced.
According to Mathews and Mackintosh’s model, whaeefd with such a trial, several aspects
of the stimuli are processed in parallel (e.g. golaf word, word identification, meaning of
word). In such an instance these features are dé\attention based on various factors, such
as personal significance, conscious effort, or pdnmclinations. The TES further prioritises
these competing attributes to determine which wesetihe limited attentional resources.
Those that match the encoded system are giverharhagiority relative to incompatible

cues. Further, Mathews and Mackintosh theorisetatttasation from the TES was positively
correlated with anxiety. Musa, Lépine, Clark, Mdhsmd Ehlers (2003) found support for
this by demonstrating how individuals high in aishowed a poorer performance in
naming the colour of the threat-related word onet&&troop relative to low anxious
individuals. This can be explained by a largerrieience from the TES assigning attention
to threat-related features (i.e. meaning of thedyat the expense of the non-threat features

(i.e. colour).

By incorporating an element of conscious and diibdontrol into their model that is
capable, to a point, of overriding interferencerirthe TES, Mathews and Mackintosh’s
model accounts for why not every potential threahohates processing resources. From an

evolutionary perspective, the TES provides a neggsaanner of attending and responding
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to danger. All individuals will allocate informatigorocessing resources to threat cues when
they represent a severe enough danger. Biaseformeattion processing start to develop as a
result of repeated interactions between competitnigpates and a tendency for the TES to
dominate processing resources. For example, ingisdwvho are more responsive to threat
cues will, over time, develop a wider portfoliotbfeat representations and conditioned
responses. Consequently, these processing biasésawe individuals vulnerable towards
further anxiety as future threat cues are condisgtgiven precedence even when they might

only represent a relatively mild threat.

1.3.4 Cognitive Bias and the Physiological StreseRponse

Although the relationship between cognitive biased emotional stress (e.g. anxiety)
has been well documented and appears robust, epally less research has investigated the
link between bias and physiological stress. It Wia#em reasonable to assume that cognitive
biases might influence the extent to which indialduphysically respond to stress by altering
their perception of and, thus, response to it. égative biases have been matched with
higher levels of anxiety relative to positive bis¢e.g. MacLeod, Mathews, & Tata, 1986;
Mathews, Richards, & Eysenck, 1989), it is plawsiiol expect that negative biases might
also be more closely linked to states of physi@alnyper-arousal, in which stress systems
are overworked, that are associated with highfdilievels of anxiety (e.g. Mantella et al.,

2008) relative to positive biases.

To explore the link between cognitive biases amdpthysiological stress response,
Fox, Cabhill, and Zougkou (2010) adopted a visuabprtask to test attentional biases. As a
slight alteration to the convention use of thiktasale participants were required to respond
to a probe appearing in the spatial vicinity ofreyiously displayed picture (rather than

emotive word). Pictures were selected for theiuanag content (either positive, negative, or
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neutral) and were presented for either 14 milliselsoor 300 milliseconds before being
masked by a random reconstruction of the picturiehwvas displayed until a total time of
500 milliseconds had passed. Four months afteinthal test of attention bias, participants
were exposed to an acute laboratory public speaknmegsor in which they were instructed to
give a short (5 minute) speech on the necessisyadistics in psychology. A further four
months later, participants were required to refl@atprocess, this time with the topic relating
to their perceived preparations for their impendixgms. Fox et al. found that a
preconscious attention bias (i.e. in trials whéesgicture was displayed for just 14
milliseconds) to negative stimulus was predictiveartisol reactivity on both acute stressor
tasks. Considering the 8 month delay between ifitess measurement and subsequent
stressor exposure, this finding appears to demetestr clear and stable link between bias and

physiological reactivity.

These results are similar to those of van Honk. €2800) who showed that
preconscious attentional biases towards negataterpl stimuli was associated with
significant cortisol increases to the task. Howgvan Honk et al. also noted a similar
significant association when the pictoral stimuéires presented within conscious threshold.
Further, though not directly measuring interpretinases per se, Gaab, Rohleder, Nater, and
Ehlert (2005) have demonstrated the predictive p@iveognitive appraisal processes for
predicting cortisol responses to the TSST. Gaalb.'ststudy suggests that the manners in
which an individual perceives a situation (i.etfagatening/non-threatening) directly

influences their response to it.

Dandeneau, Baldwin, Baccus, Sakellaropoulo, and$3ner (2007) have
demonstrated a link between interpretive bias drydiplogical vulnerability to stress.
Interpretive bias was measured using a modifiedaliprobe task that used pictures of faces

that either portrayed a positive or negative exgpogs Stress was induced using the Montreal

17



CHAPTER ONE

Imaging Stress Task (MIST; Dedovic et al., 2005)pmbined stressor derived from the
Trier Mental Challenge Test (TMCT; Kirschbaum, 1p8ilwhich participants have to solve
mental arithmetic problems (academic element) withset time whilst receiving criticising
feedback from the researcher (social element). IBeslowed a significantly positive
relationship between bias and responses to the Mi&Ticipants who produced a greater

cortisol response also demonstrated a signific@n@onal bias towards negative faces.

1.4 Cognitive Bias Modification

The findings discussed above demonstrate a clggmitoge bias for individuals who
are more susceptible to anxiety to both attendhtbiaterpret ambiguity in an overly
threatening manner. However these studies predoaiynased correlation designs. As one of
the first studies to address the issue of causaflacLeod, Rutherford, Campbell,
Ebsworthy, and Holker (2002) used a modified vergibtheir dot-probe task which served
to train rather than test attentional bias. Ratha&n positioning the probe behind both the
positive and negative words equally, it was coesity placed behind either the neutral or
negative word. This alteration was designed to erage participants to develop an implicit
rule in which they learnt to automatically attendstimuli of a certain valence (i.e. neutral or
negative) when both were presented. Indeed, paatits were subsequently found to be
faster at responding to target probes when theitotaf the probe matched their training
condition. Further, MacLeod et al. found that tinggning affected individual vulnerability to
subsequent stress. Participants who were assigrtbd attend-negative condition were
found to respond to a greater extent to a combeisatatory stressor relative to those in the
attend-neutral condition. The stressor consisteahanagram task (academic challenge),
which participants completed whilst being videothpearticipants were informed that the
videos might then be used for later class demai@tiato illustrate particularly good or bad

performance (socio-evaluative element). The sigaifce of this finding is further
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underscored by that fact that the two groups shaweedifference in their response to the

same stressor prior to the attention training place.

The finding that it was possible to experimentatignipulate an individual’s
cognitive bias enabled researchers to examinesthganship between cognitive bias and
anxiety by investigating the issue of causationdéfstandably, clarification of this issue held
a great deal of appeal to supporters of the figlth proposed the potential clinical
importance of their work. In 2000, Grey and Mathdurgher extended the field by
developing a laboratory technique that successfrdiped participants towards a more
negative interpretive bias. This was achieved bgifg the participant to repeatedly generate
negative meanings of a series of homographs. Haapbgrare words that have two meanings
despite the same spelling. Grey and Mathews sélecseries of homographs for which one
meaning was unpleasant while the other was netalexample, the word “batter” could

refer to an uncooked mixture (neutral) or to thecpss of hurting someone (negative).

Motivated by the research in the area of attentibies, Wilson, MacLeod, Mathews,
and Rutherford (2006) sought to replicate simitaogonal vulnerability patterns using a
training programme aimed at interpretive biasegidfaants were trained to automatically
associate ambiguity in a positive/neutral or negathanner (depending on their condition)
using homograph training (Grey & Mathews, 2000)tiBigants then underwent a stressor in
which they watched video clips that portrayed fgetaf emergency rescues. As Grey and
Mathews had found, the interpretive training wasidto be effective in modifying
individuals’ bias. Further, and corresponding talings relating to attentional biases, this
training appeared to successfully moderate emdtr@sponses to the stressor. Participants
who had received positive training reported sigaifitly smaller increases in anxiety

following the stressor relative to negatively tedrparticipants.
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Coinciding with the development of homograph tnagnianother method emerged
that followed on from the ambiguous scenarios preive test (Hirsch & Mathews, 1997).
Mathews and Mackintosh (2000) developed an ambiggoanarios training task, which
worked by presenting participants with a seriedascriptions of situations. The situations
presented a relatively ambiguous setting to engauparticipants’ natural biases to start
operating. However, the final sentence of the stenéas presented in a manner that
resolved the situation either in a positive or negamanner. Mathews and Mackintosh
demonstrated the success of this technique by ssittly training participants toward a

more positive or negative bias.

Using the ambiguous scenarios training, Mackintd4thews, Yiend, Ridgeway,
and Cook (2006) continued down the route of dermatisg the positive effects of modifying
cognitive biases. Participants received trainimgated at improving or worsening their
biased interpretations of ambiguity. The followithay, participants completed a task that was
designed to measure their biased interpretatidms. ificluded participants reading 10
descriptions of scenarios that contained an elewfesrnbiguity. For example, a situation
could involve sitting waiting for your doctor toa@ out some test results and noticing the
doctor chatting to a colleague holding your fildtek the 10 scenarios have been presented,
participants are required to recall them in turd eate four sentences according to their
recollection of how the scenario was presented. $@né&nce referred to a real positive
interpretation (e.g. the doctor is saying the tastsnormal), one a positive foil (e.g. the
doctor is pointing out your impressive fithessngji one a negative real interpretation (e.g.
the results describe bad news), and one a nedati\(e.g. the doctor is making fun of your
chart). Participants were found to show biasedpnétations in line with their previous
training condition. Further, subsequent exposumetressor (watching a graphic accident

video) again revealed the buffering effects of pasiinterpretive training.
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1.4.1 The Potential of Bias Modification

With further developments in the area, the effe€tsognitive bias modification
(CBM) training have been found to endure over &@dr period (Yiend, Mackintosh, &
Mathews, 2005), endure changes in testing enviratsr@®ackintosh, Mathews, Yiend,
Ridgeway, & Cook, 2006) and generalise to new damérom social to academic anxiety;
Salemink, van den Hout, & Kindt, 2010). In respottsthese advances, researchers have
been quick to start investigating the applied piadinf CBM. For example, the finding that
training can effectively alter cognitive bias ha&eb reproduced repeatedly (e.g. Salemink,
van den Hout, & Kindt, 2009; Steinman & Teachma,®. Moreover, bias modification
methods appear effective in significantly reducamxiety in clinical populations, including
populations suffering from generalised anxiety diso (GAD; Amir, Beard, Burns, &
Bomyea, 2009), generalised social phobia (Amir,rBgaaylor et al., 2009), major
depressive disorder (MDD; Joorman, Hertel, LeMa&lGotlib, 2009), and social anxiety

disorder (SAD; Schmidt, Richey, Buckner, & Timpa2609).

Following the volume of articles demonstratinggtgential, attempts have also been
made to explore the utility of these training peogmes outside of the laboratory in a home
environment. Blackwell and Holmes (2010) adoptédme-based training paradigm in
which participants who were currently experienangajor depressive episode were
instructed to imagine themselves in a series afaes that were presented in an auditory
fashion. The scenarios remained ambiguous untgtiteof the paragraph, after which they
consistently resolved into a positive outcome.iBigdnts listened to 64 scenarios on a daily
basis for five consecutive days. Results showedargments in over half of the sample
(seven participants), with improvements persistimgr a two week period. See, MacLeod,
and Bridle (2009) have also revealed encouragmdjrigs with their home-based attention

modification programme using a real-life stres§Singaporean participants completed visual
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probe training everyday for 15 days prior to retowato Australia to continue tertiary
education. Participants who received positivelyemakd training reported significantly less
anxiety arising from the stressful life event risfatto participants in the no training group.
These studies provide a particularly persuasivaraemt for the potential of CBM as, prior to
this study, findings had largely been laboratorgduh By demonstrating external validity
with an easy-to-access programme, Blackwell andnidsland See et al. significantly

advanced the field in its drive towards clinicapbgation.

1.4.2 CBM and the Physiological Stress Response

More recently, interest has progressed onto ingastins into the relationship
between cognitive biases and the physiologicasstresponse. In consideration of the fact
that many psychopathological disorders develop fedmypersensitive tendency towards
stress, research into methods designed to aughmeentdnners in which participants respond
to stress seems an area worthy of attention. Da&aadgBaldwin, Baccus, Sakellaropoulo,
and Pruessner (2007) argued that attentional pgeseme significantly involved in
perception of and response to stress. Using a grbtglemarketers, an occupation in which
workers regularly encounter the stressful expegefaejection, Dandeneau et al.
(experiment 3b) tested this proposition. Participamere required to complete attention
modification training for five consecutive daysaining consisted of a series of trials in
which participants had to locate a head shot pbbtoperson expressing a positive emotion
(e.g. smiling) in a 4x4 matrix of head shot phatbpeople expressing negative emotions
(e.g. frowning or scowling). Scowling faces weresidaed to represent rejection which, as
previously mentioned, featured heavily within papgants’ job roles. Results indicated that
participants who completed the find-the-smile tragreleased significantly less cortisol over
a working day and had significantly lower peak ismitreactivity relative to participants in

the comparison condition, who had completed a obfitrd-the-five-petaled-flower (in a 4x4
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matrix of seven-petaled flowers) task. This studymed the first account of a potential link
between CBM and psychophysiological vulnerabilgystress. However, although the study
used a natural stressor, there was no baselineune@asnt of physiological activity against

which to compare the observed training effects.

To date, there are no existing studies that hasesked on the influence of biased
cognitions on sAA. However, research conducteddha8au, Dalgleish, and Dunn (2009)
suggests there is a potential for such a link tete®chartau et al. utilised a slightly different
form of re-training cognitive biases that focusedreappraising the negative interpretations
based on four general themes. Participants wergregtjto practice this method of re-
appraisal whilst watching distressing films (traigigroup) or watch the films without
practicing any form of emotion regulation (comparigroup). Participants in the training
group showed a reduced electrodermal responserf@nt sympathetic activation) in
response to an ensuing distressing film relativeatticipants in the comparison condition.
This study demonstrates that it is possible to figdtle sympathetic physiological impact of
stress by changing how individuals interpret theagion. Therefore, as a measure of

sympathetic activation, sAA should also be sensitorsuch modifications.

Summary

The evidence presented above outlines a robusioredaip between cognitive biases
(natural or trained) and emotional vulnerabilitystoess. Negative biases are linked with
greater anxiety both in normal and clinical sampldsile positive biases are matched with
lower levels of anxiety. Further, training is efiee in modifying the ways in which
individuals attend to and interpret threat. Gergraldividuals who are trained towards a
more positive way of processing information appweare resilient on a psychological scale

to subsequent episodes of acute stress. Alterhgtivaining directed towards a poorer bias
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leads to greater negative impact of ensuing stespisodes. So far, these findings present
an organised account of influences underlying suilvje psychological susceptibility to
stress, though few studies have sought to reproitheceffects on a biological scale. As such,
little is known as to whether reducing the propgns psychologically perceive threat
through CBM will incur any improvements to heal8saciated with over-active
physiological stress systems. Studies that haveedtto investigate this have documented
positive findings, though considerable further egsk is necessary to understand the

influences and implications of information procesgsbiases on a physiological scale.

1.5 Focus and Rationale for this Thesis

Increasingly greater numbers of the populatioreappo be negatively influenced by
stress to a point where it disrupts their dailgévFor example, a national Labour Force
Survey found that 35% of all work-related sickness attributed to “stress” in 2010/11,
with an estimated 5.4 million days work lost (Haadhd Safety Executive, 2011). As
discussed in this chapter, the perception of straseen found to negatively impact natural
physiological rhythms. For example, chronic stiess been associated with a high release
but blunted diurnal profile of cortisol (e.g. MitleChen, & Zhou, 2007; Tseng, losif, &
Seritan, 2011). While acute cortisol release setwggovide a temporary solution to
challenges by, for example, liberating stored nesepof energy (Clow, 2001), chronically
elevated levels have been linked to an increas&dficardiovascular disease (Whitworth,
Williamson, Mangos, & Kelly, 2005), type-Il diabstéDallman, 2010), and poorer immune
defences (McEwen, 2000). Further, various formgsytchopathology are known to be linked
to an overactive biological stress system (e.gsRjo Owens, & Nemeroff, 1998; Pruessner,
Hellhammer, Pruessner, & Lupien, 2003; Vreeburgl.e2009). In light of this, there is a
clear rationale for attempts to be made to tryidedtify simple and effective methods of

reducing the impact of daily stress.
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Cognitive biases appear to share an undeniabledihkbw people respond to their
surrounding world. People who seem to predominatelyipher their environment in a
negative manner seem more at risk of sufferingptyehological ill-effects of stress, such as
increased anxiety. Alternatively, less sensitit@ythreat appears to act as a buffer to the
psychological manifestations of stress. The re$ediscussed above has demonstrated
promise for CBM methods to change habitual inforaraprocessing biases. However, to
date the literature linking information processbigses to perceived stress has relied too
heavily on self-report measures of changes in empwhich expose findings to criticism of
reporting biases. One way of validating this resieas to identify similar effects on a
biological basis. Research that has started tostigage this has identified a tentative link
between the ways in which individuals physiolodica¢spond to stress and their biased
cognitions. However, to date there are only a hamaffstudies dedicated to this cause.
Further, this link appears disproportionately supgbby research that focuses on biases in
attention. The aim of this thesis is to explore #ssociation further focusihgth on biases
in attention and interpretation. Studies will endma to isolate robust links between
attentional and interpretive biases and an indafidisensitivity to acute stress. Further,
efforts will be made to investigate the effect<C&M on the physiological stress response.
Ultimately, this thesis aims to validate the existe of an authentic link between information
processing biases and the psychophysiologicalsstesponse using objective (physiological)
and subjective (psychological) measures of stagss o further CBMs potential as a clinical

tool.

The next chapter will outline principles and methauvolved in assessing biological
stress markers in saliva. Following on from thisguters will be dedicated to six

experimental studies that aim to establish relidlelgigns (Studies 1-3), which can be put to
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use to explore the relationship between naturalbuaing and modified cognitive biases and

the psychophysiological stress response (Stud@s 4-
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2.0 CHAPTER TWO

Saliva Storage and Analysis

2.1 Tissue Analysis Laboratory

The Tissue Analysis Laboratory (TAL) is based agkanRuskin University,
Cambridge, and was the site of all saliva analystsented in this thesis. The TAL has
standardised techniques for assaying cortisol $elvet, at the time of initial collaboration,
had no established method of assaying sAA. In [ghtal the studies presented in this thesis,
work was conducted to develop and test an in-heAgeassay protocol for use in the TAL

(see Appendix | for further details involved ingfgrocess).

2.2 Sample Preparation

Samples are always frozen at -80°C immediately #fte study session until analysis.
On the day of analysis, samples are removed frenfréezer and defrosted in a biosafety
class Il cabinet. Once fully defrosted, samplessaie in a centrifuge at 1500RCF for 15
minutes. If using Salimetrics Oral Swabs (SOS),itisert and swab are then removed and

placed in 2% Virkon for disinfection prior to disgad.

2.3 Cortisol Assay

Principle. This competitive immunoassay uses a microtitréeptlaat had been pre-
coated with monoclonal antibodies to cortisol. Tgrisduces binding sites that are sought by
cortisol in the sample (or standards or controlsictvare regulated to act as assay controls)
and known amounts of cortisol linked to conjugdier¢eradish peroxidise) in competition.
Following an incubation phase, excess conjugateuabdund sample cortisol are washed
away before a substrate is added to the wells|tiegun the well developing a blue colour.

After a specified amount of time, the reactiontagpped by the addition of acid to the well.
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The resulting yellowish colour intensity is invdgsproportional to the amount of cortisol

present in the sample.

Method. This assay is based on a protocol designed byn8aics LLC (USA). All
work is done with the assistance of a Tecan Freeth®8 or an Evo 2 liquid handler. After
preparation, 25ul of sample, standards (to givacurate assay range), or controls (to give a
zero or saturated reading) is added to the ap@tgpwell in duplicate. Following this, 200ul
of 1:1600 diluted conjugate solution is added ®wlell. The plate is then shaken for 5
minutes and heated to room temperature for aniaddit55 minutes. The plate is then
washed 4 times in wash buffer using either a T&@ombus or Hydroflex plate washer. A
tetramethylbenzidine (TMB) substrate (200ul) istlaelded to each well before the plate is
again shaken for 5 minutes at 500rpm and the héatexbm temperature in a light-
controlled (i.e. dark) environment for a further@futes. After this, 50ul stop solution (1M
sulphuric and 8M acetic acid) is introduced towedl. Plates are shaken for a further 3

minutes at 500rpm before being read at 450nm wminigfinite or Sunrise plate reader.

2.4 Alpha Amylase Assay

Principle. This assay is used for the kinetic measuremensAA. The method
employs the use of the substrate 2-chloro-p-niteoph which is linked with maltotriose
(Pointe Scientific). Together, these react with si®@aulting in a yellow coloured product that
can be measured spectophotometrically. The rathi®freaction is directly proportional to
the amount of SAA present, thereby producing a efayuantifying the enzyme.

Method. This assay is completed using a robotic assistempgette saliva samples
and diluent into the well, but the second stagenaual with the aid of a multi-channel
pipette. To start, via robotic aid, samples aratdd to 1:200 ratio by first diluting 1:10, then

1:10 again. Following dilution, 8ul diluted salieample (or control) is added to the
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appropriate wells of a microtitre plate. ManuaBgOul preheated (to 45°C) substrate is then
added to each well using a 1ml multichannel pipeffe plate is then shaken immediately
whilst being heated to 37°C before the optical dgns read at 405nm using an Infinite or
Sunrise plate reader exactly one minute after tlhstsate was added. The plate is shaken and
incubated as before, before being read a final &trte three minute marker. The difference
between the two readings is then multiplied by maveosion factor to account for the dilution
phase, resulting in a measure of sSAA (U/ml).

2.5 Flow Rate

Flow rate is measured in terms of ml/minute, andlmameasured gravimetrically by
assuming 1ml saliva weighs 1g (Chicharro, LuciagPgVacquero, & Urena, 1998).
Dividing the delta of the sample tubes (pre- anstysample) by the number of minutes the
sample was taken over gives a ml/minute calculattow rate can be multiplied by analyte

concentration measures (e.g. SAA) to give a measduanalyte output over time (secretion).
2.6 Storage and Destruction of Samples

After assaying, samples are re-frozen at -80°Q alitanalysis has been completed
after which they are disposed of. Samples undeegtritugation each time they are thawed
for the purposes of assaying. Every effort is madeep the amount of freeze-thaw cycles
to a minimum in order to preserve the sample quabtadvised by Granger, Swartz, Booth,
Curran, and Zakaria (1999). Once analysis is cotapsamples are autoclaved at 131°C for

purposes of sterilisation before being incinerated.

! This is a crucial part of the assay owing to ista time-sensitive nature. The multichannel pgittcapable
of aspirating enough substrate to dispense oveetbolumns per time, which enables rapid coverageeo
plate.
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3.0 CHAPTER THREE: STUDY ONE

On being rejected: Psychological and physiologieaponses to an acute social rejection task
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Prior to introducing a measure of cognitive biasitbempting to modify cognitive
biases within the studies reported in this thesgeemed pertinent to firstly establish a
reliable stressor that could be used to demondtnateffects of naturally occurring or
modified interpretive or attentional bias on aniwmblial’s vulnerability to stress. Therefore,
the overall objective of this first study was tovdlop a reliable laboratory stressor that could

be used in the subsequent studies of this thesis.

Since the development of the Trier Social Stresst {TSST; Kirschbaum, Pirke, &
Hellhammer, 1993) a general consensus has emengatbaesearchers in the field for
cortisol to be an appropriate biomarker to refléBtA responses to stress paradigms (e.g.
Buchanan, al’Absi, & Lovallo, 1999; Cacioppo et a000; Ellenbogen, Schwartzman,
Stewart, & Walker, 2002; Gaab et al., 2002; Pruesdtellhammer, & Kirschbaum, 1999).
Whilst the literature is laden with studies empiaystressor tasks that aim to induce changes
in stress-related physiology, there remains a largensistency between those that achieve
this and those that either fail to observe anyeddiice or in some cases even observe the
complete opposite. Dickerson and Kemeny (2004) gotedl a meta-analysis of 208 such
studies and concluded that task-related increasesriisol were most prominent and reliable
when the stressor included three key elements;enindividuals felt they were being judged
by others (socio-evaluation), where the particigeaat little or no control over the situation

(uncontrollable), and when participants were ma&dao perform well (motivation).

Tasks developed to challenge achievement/acaddmtity @ose an understandably
stressful situation. For example, such tasks testdividual’'s mental capacity and can
incorporate elements of failure, which providesiapleasant sensation. In terms of
conforming to Dickerson and Kemeny’s (2004) threg frinciples, these tasks tend to
include aspects of uncontrollability (e.g. diffiubf task) and motivation (i.e. not wanting to

fail), but do not consistently include a social leative element. Alternatively, psychosocial
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stressors additionally threaten an individual’sseeaf belonging and, thus, contain the third
socio-evaluative factor. The need to belong hag lmeen stressed as a basic yet essential
requirement. Indeed, Maslow (1943) held it amoregttp five of the most fundamental
satisfactions (Kune, 1992), and Baumeister andyLgi#195) claim that regular interpersonal
interaction is key to maintaining a healthy ematilcend cognitive status. A stressor that
features the denial of this sense of belonging asiosociety (e.g. social rejection) could be
argued to contain all three of Dickerson and Kense(B004) elements. Humans crave social
acceptance (motivation), which can be achieve@'otlg successful interactions with others.
All social interaction likely contains evaluationdauncontrollability; an individual’s reaction
to us is largely determined by them according solgjective set of norms and expectations,
and is therefore uncontrollable. The present stldyl therefore opt to develop a laboratory-
based social stressor in an attempt to deliveli@te psychological and biological stress

response.

Tasks that induce the perception of social repactiave proved successful in eliciting
robust physiological responses. For example, StrSatbvey, and Epel (2002) developed a
social rejection stressor that involved particigamting gradually excluded from two
interactions with confederate researchers throwgh verbal and non-verbal cues. Stroud et
al. found significant increases in cortisol in resge to this social rejection task, but only in
female participants. Alternatively, male participmproduced a significant cortisol response
to academic stressors (mental and verbal taskahiich female participants appeared less
(physiologically) affected. Gender is a factor kmote influence cortisol response (e.g.
Kirschbaum, Kudielka, Gaab, Schommer, & Hellhamr889; Kirschbaum, Wust, &
Hellhammer, 1992), therefore this pattern of respds not completely unexpected. Indeed,
Stroud et al. referred to Taylor et al.’s (2000)d@nd befriend hypothesis to account for the

observed differences. This theory reasons thatlésrealopt a defence that is more likely to
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aid their stereotyped nurturing and social rolesergas males are motivated by Cannon’s
(1929) more traditional ‘fight or flight’ respons@esearch has since provided empirical
support for this theory, with evidence suggestemdles demonstrate coping strategies that
are more evocative of Taylor et al.’s theory. Fxaaraple, Turton & Campbell (2005)
identified that females were more inclined to capmg strategies associated with the tend
and befriend theory (e.g. turn to friends for adyithan through fight or flight (e.g. using
aggression). Consequently, females might be marsitsee to interpersonal challenges (e.g.
social rejection) while males might respond moregdrumental challenges (e.g. intelligence
tests). Aside from these influences of gender,ustiet al. were successful in demonstrating

the effectiveness of a social rejection laboragtrgssor.

In keeping with the theme of social rejection, Blaart, Eckel, and Tice (2007)
developed an alternative social rejection task abatated the need for confederate
researchers as was necessary in Stroud et al02)2@udy. Blackhart et al.’s task required
participants to take part in group (4-6 particigamte-breaker discussions before being
informed they would need to select a partner takwath on a group task. Participants were
instructed not to choose anyone they knew or weeads with, and were asked to give two
options of partners whom they considered they migirk well with. Participants were then
divided into individual rooms and, after a shorage each told that they had to complete the
ensuing task alone either because no-one had chmgerk with them (social rejection),
everyone had chosen to work with them which cowldiogistically be managed (social
inclusion), or due to an administrative error isigeing them a group (control). Results
showed a significant increase in cortisol followsagial rejection, matched with reduced
positive affect and increased negative affectréstngly, however, no gender effects were

observed in their study.
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Given the wealth of literature detailing the ditfites in inducing a physiological
stress response using a laboratory stressor (skerdon & Kemeny, 2004), the purpose of
the current study was to replicate the methodobgy findings of Blackhart et al. (2007).
Specifically, this study aimed to use a socialagpm stressor to produce a robust increase in
cortisol, and to investigate whether a reliablesgrinduced change in sAA could be evoked
using this specific paradigm. However, several riications were made to Blackhart et al.’s
protocol in the current study. First, in Blackhetrtal. participants were instructed to not rate
people they knew or were familiar with. This midiaive somewhat stalled rejected
participant’s responses as they were, in effeéhgoeejected by people to whom they had no
existing connection; a point that the authors thedwes note. For this reason, the current
study omitted the instruction to only rate partaips to whom they had no affiliation in a bid
to augment any feelings of rejection. Second, Blacket al.’s protocol required each
participant to rate just two other participantstia current study, participants were provided
with a space to rate all but one of the other pigidints in the group. So, for example, a group
of 6 participants were asked to rate 4 peoplerinseof whom they would prefer to work
with; thus forcing just one person to remain urdafiéhis amendment was implemented to
intensify negative emotions as working alone thtotgjection in the current study would
imply the participant has remained unrated by ewgher participant rather than simply not
being rated as one of two options. Third, in linghvétroud et al.’s (2002) finding that social
stressors were more effective for female partidipahe current study was conducted using

female participants only regardless of the lackuwth findings in Blackhart et al.’s study.

It was hypothesised in the current study that iases in cortisol and sAA, in addition
to a worsening of emotional state (e.g. reportegks) would occur following social
rejection. Alternatively, social inclusion was hypesised not to influence cortisol, SAA, or

emotional state. In addition to measures of stateti®n (e.g. reported happiness, stress,
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etc.), trait measures of factors known to influephgsiological activity (e.g. personality)
were measured. The reasons behind these measusesmwadold. Firstly, comparisons could
be made between groups (social rejection, soaéksion) to ensure successful
randomisation of potentially influential factoree®nd, completion of the questionnaires
served to pass time between saliva samples. Theasures were not analysed in terms of
how they influenced psychophysiological responedhé task, but were analysed for

between group differences. No between group difiegs were hypothesised.
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3.1 Method
3.1.1 Design

The study adopted a mixed factorial design withugr¢social rejection, social
inclusion) as a between subjects factor and tiniet {6 measures) as a within subjects factor
(see Figure 1). Time points were 15 minutes ineosiudy (baseline 1), 25 minutes into the
study immediately before the social manipulatioms@ine 2), and 10, 20, and 30 minutes
after the social manipulation (SM +10, SM +20, &M +30, respectively). At each time
point, saliva samples (dependent variable) wered®eld to access physiological reactivity to
the social manipulation. Self-reported measures@dd (dependent variables: reported
stress, optimism, happiness, tenseness, and distvese also taken at each time point.
Measures of chronic depression, stress, trait sppersonality and interpersonal support
were taken once during the study to assess patitigharacteristics and potential influences

on stress vulnerability.
3.1.2 Participants

Ninety nine female undergraduates from Anglia Rugkniversity expressed an
interest in the study and were screened using predfgrger Trait Anxiety Inventory (STAI,
Spielberger, Gorsuch, Lushene, Vagg, & Jacobs,)1@83hese, 73 responders who scored
below 50 on the scale were formally invited to taket in the study Thirty nine

participants between the ages of 18 and 42 years Mg (22.12,SD= 4.09) accepted the

2 This screening procedure was implemented as rdjbiy Anglia Ruskin University’s Faculty Researdhi€s
Panel as a precaution to prevent people with @inavels of anxiety from being included in thedstu

A power calculation was initially conducted usiihg ttonservative assumpion of a small effect size .¢5),
which determined that optimal statistical poweb}.@ould be achieved with 64 participants in eaghdition
(G*Power 3; Faul, Erdfelder, Lang, & Buchner, 200#9r practical reasons it was not possible touiesuch
large sample sizes for all the studies containghimthis thesis, given time and financial consttai Whilst the
power is not ideal, sample sizes in the studiesatoed within this thesis are comparable to thashé
published literature (e.g. Dandeneau, Baldwin, Bac&akellaropoulo & Pruessner, 2007; MacLeod,
Rutherford, Campbell, Ebsworthy, & Holker, 2002dsid, Salovey, & Epel, 2002). It is recognised that
recruiting a smaller sample increases the riskodirectly rejecting the experimental hypothesis.
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invitation and were randomly assigned to one of teditions: social rejection (adgé =
22.78,SD=5.15) or social acceptance (dde= 21.43,SD= 2.50). As a group, State anxiety
averaged 42.91SD = 9.53), with socially rejected participants aygng 41.88 §D= 9.76)

and socially included participants averaging 43$88= 9.51).
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3.1.3 Materials

Psychological measurerior to giving their first saliva sample, partiaips
completed a questionnaire asking about severattspecompliance (e.g. when they last ate
or drank) to confirm adherence to instructions givweating to the hours leading up to
participating in the study. Participants were asked questions relating to their health
behaviour (e.g. how much alcohol they had consuiméue previous week), their oral and
overall health and details regarding any medicati@y were currently taking. This was to
collect background data that could be used wittospiect to help identify and justify

outliers.

Stress-arousal checklist. Each time participants gave a saliva sample, tbeypteted
a copy of the Stress-Arousal Checklist (SACL; MagKaox, Burrows, & Lazzerini, 1978),
which is based on a two-dimensional model of mérte dimension (stress) focuses on
feelings of pleasantness or unpleasantness, wiglether dimension (arousal) is based on
feelings of alertness or drowsiness. The 34-iteatesacludes both positive and negative
mood-describing adjectives that focus either oesst(18 items) or arousal (14 items). For
example, “cheerful” (positive stress item), “teng¢eégative stress item), “energetic”
(positive arousal item), and “sluggish” (negativewsal item). For each item, individuals
must select a response on a four-point scale rgrighm 1 @efinitely) to 4 (ot at al))
according to how accurately the adjective descHmeg they are feeling at that specific
moment in time. Items that apply to the individ(&here the adjective has received a score
of 1 (definitely) or 2 @lightly)) are recoded as a 1, while items that do notyajopthe
individual (those that have received a score afr(rg or 4 (ot at al)) are recoded as a 0.
Overall stress scores are calculated by totalliegécoded positive stress items that have
received a score of 1 (e.g. where an individualdaag they are feeling slightly or definitely

tense) with the recoded negative stress itemdhtnad received a score of 0 (e.g. where an
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individual has said they are unsure or do notdeekerful). Overall arousal scores are
calculated in the same way using the relevant ipesiind negative arousal items. Cronbach’s
alpha has been typically reported as between 8®erdboth scales, with the stress scale
invariably being slightly higher (e.g. Lau & Mors#Q05; O’Connor, Cobb, & O’Connor,

2003Y.

Visual analogue scales. After completing each SACL, participants complefiear
visual analogue scales (VAS; Aitken, 1969; Bond &lkr, 1974) to assess fluctuations in
mood over time during the study. Each of these ASsisted of a 10cm line, with terminals
labelledpessimistido optimistic depressedo happy distressedo not distressedandtense
to relaxed Participants were asked to place a cross alantirth according to how they felt
at that moment, which was converted to a scor@bii®0 by multiplying the length along

the line (in cm) by 10.

Post-task questionnaire battery. Depression Anxiety Stress Scale (DAS8¢ DASS
(Lovibond & Lovibond, 1995a; 1995b) was developegtovide a greater understanding of
the emotions and underlying constructs of the tegereerally described as depression (e.g.
pessimistic, lacking in motivation), anxiety (epgnicky, awareness of a pounding heart) and
stress (e.g. easily irritable, intolerant of chgn¢ygernal consistency for all three subscales is
high (Cronbach’s alpha = .88, .82, and .90, respayg) with a total scale. consistency of
.93 (Henry & Crawford, 2005). Though originally 2-#em scale, a shortened version
containing 21 items is commonly used in research Witems dedicated to each of the three
subscales. Items apply to experiences over thequeweek, for example “| felt that life was
meaningless” (depression), “I felt | was close amip” (anxiety), and “l tended to over-react

to situations” (stress). Individuals are requireddte the extent to which each statement was

* This scale has been used here and in future stadigained within this thesis to measure stréssefore
only the stress dimension is considered in analysis
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relevant to them on a four point scale ranging f@id not apply to me at glito 3
(Applied to me very much, or most of the jinseores can be determined for each subscale
by summing the responses for each item. Alternti@eotal score can be attained by

summing the subscales, which provides an indigaftgeneral negative symptomology.

General Health Questionnaire (GHQhe GHQ (Goldberg, 1972; Goldberg &
Williams, 1988) is a popular measure of psycholalitistress used in research and assesses
participants on four dimensions of mental wellbeidgpression, anxiety, somatic symptoms
and social withdrawal. Although the GHQ is avaitabk a 12-item, 28-item, 30-item or 60-
item, the GHQ-28 is most commonly used and, hemas,used in this study. GHQ scores
frequently correlate highly with additional measioé psychological distress or well-being
(Jackson, 2007) suggesting concurrent validityerimal consistency is good both for the
whole scale (Cronbachts=.90) or individual subscales (between .71 - \&4|ejo, Jordan,
Diaz, Comeche, & Ortega, 2007). The GHQ appliesperson’s experiences over the past
few weeks. Examples of items on the GHQ-28 scalidte “Have you recently lost much
sleep over worry?”, and “Have you recently beersBatl with the way you’ve carried out
your tasks?”. Items are resolved by four possihkneers, ranging from et at all)to 3
(much more than usuafor those equivalent). Responses can be summededogals for the

four subscales or an aggregate total.

Perceived Stress Scale (PSB)e PSS (Cohen, Kamarck, & Mermelstein, 1983) is
available as a 4-item, 10-item, or 14-item scakbiarused to give a measure of an
individual's perception of stress over the precgdine month. In the current study the 10-
item scale was used, as this version is considerkdve superior sensitivity to psychometric
distinction compared to the alternate versions. @ahen & Williamson, 1988; Lesage,
Berjot, & Deschamps, 2012). The scale was desigmadsess how uncontrollable,

unpredictable and overloading an individual consdkeir life to be. Internal consistency for
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the 4-item version is relatively low at Cronbacphel = .60, while the 10-item version has
been reported to have adequate consistency (Crordhaica = .78) (Cohen & Williamson,
1988). Individuals are required to rate how ofteeythave felt a certain way. For example,

“In the last month, how often have you felt you eeffectively coping with important
changes that were occurring in your life?” or ‘e tlast month, how often have you felt that
difficulties were piling up so high that you couldt overcome them?”. Responses are scored
from O (heve) to 4 {very often. Scores on the 10-item scale range from 0 t@d0,are

obtained by reversing the seven positive items\{iteere a high score indicates a desirable

option) and summing the ratings.

Personality InventoryDue to findings of a relationship between persayaind
cortisol reactions to stressors (e.g. Oswald eR@D6), personality was included as a trait
measure. The personality inventory used was taken the International Personality Item
Pool (IPIP; Goldberg et al., 2006). Similar to tbesta and McCrae’s (1992) five factor
model, the personality inventory measures five pahelent subscales, namely extraversion
(e.g. “l talk to a lot of different people at pasf), agreeableness (e.g. “I sympathise with
others’ feelings”), conscientiousness (e.g. “l| araating in my work”), emotional stability
(e.g. “l am relaxed most of the time”), and intetlée.g. “I am quick to understand things”).
The five subscales each have good internal relligbivith Cronbach’s alpha coefficients of
.87, .82, .79, .86, and .84, respectively. Eaclsaile consists of 10 items including positive
and negative phrases that individuals have toaeterding to how accurately the statements
reflect their own behaviour on a five-point scalaging from 1yery inaccuratgto 5 {ery
accuratg. Negative items (e.g. for extraversion, the itémave little to say”) are reverse
scored before a total for each of the five subsceds be attained by summing the relevant

responses.
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Spielberger Trait Anxiety Inventory (STAI-Described as the “...definitive
instrument for measuring anxiety in adults(Mind Garden, 2010, “State-Trait Anxiety
Inventory for Adults”, para. 1), the STAI (Spiellger, Gorsuch, Lushene, Vagg, & Jacobs,
1983) is divided into items measuring transitoryiaty (state) and more stable chronic
anxiety (trait). Each subscale has 20 dedicatedsitthat are measured on a four point Likert
scale ranging (on the trait items) fromalnfost neverto 4 @most always Examples of
items measuring trait anxiety include, “I [geneypfeel inadequate”, and “I am [generally] a
steady person”. State anxiety or trait anxiety ss@man be calculated by summing participant
responses, with some items needing to be reveesedscThe scale has been found to share
high positive correlations (>.70) to other anxistgles, for example, the Anxiety Scale
Questionnaire and Manifest Anxiety Scale (SpielberReheiser, Ritterband, Sydeman, &
Unger, 1995). Spielberger, Gorsuch, and Lurshe@éQ)lalso demonstrated good test-retest
reliability for both subscales (trait= .76 for females;, =.84 for males; state:= .92 for
femalesy = .83 for males), although there is a general acoeptthat state anxiety scores

tend to be slightly higher at second measurement.

Interpersonal Support Evaluation List (ISEDhe ISEL (Cohen & Hoberman, 1983)
was designed to measure the perceived availabflispcial support, which has been posited
to act as a form of protection to stress-inducdtigdagy when perceived stress is high. The
scale measures four independent subscales, naangjiple, belonging, self-esteem, and
appraisal, and can generate a broad overall rafipgtential social resources available. The
40-item scale is made up of an equal number otipestatements such as “There are
several people that | trust to help solve my proisie and negative statements such as “In
general, people do not have much confidence in imdividuals are required to rate how
relevant each statement is to them on a four-suiale ranging from @géfinitely falsg¢to 3

(definitely trug. Scores for negative items are reversed bef@adbres are summed to give
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either an overall total or subscale total valueergha high score indicates a high level of
potential social support. The ISEL demonstratesigebability, with test-retest reportings of
.87 { = .71-.87 for the individual subscales) and inteomasistency: ranging from .77-.86

(Cohen & Hoberman, 1983).

Stressor

Stress was manipulated by attempting to inducénigebf either social rejection
(stress group) or social inclusion (comparison gyoRrior to the induction of these feelings,
participants chatted with each other informally dpproximately 5 minutes. Participants
were informed that this period was designed taxrtdeam and to enable them to get an idea
of who they might prefer to work with later in teeudy. Participants were then divided into
individual rooms and asked to select a partneafoupcoming group exercise by providing
ratings of their fellow participants. Ratings wamstructed to be based on who they would
prefer to work with and who might best respect tandly consider their opinion. Space was

provided on the rating sheet for participants te el but one of their fellow participants.

After collecting the slips, the researcher entexach individual room and informed
the participant that there had been a problem thghgroup allocation. Participants were
either informed that every person had requestetls with them as their primary preferred
option, therefore, they could not be fairly assjaggroup (social inclusion), or that they
remained unrated and so could not be assignedup gsocial rejection). Regardless of their
condition, all participants completed the ensuigm@up’ task alone; the difference being in
whether they were led to believe this was due ¢éotheing too popular or too unpopular to

be assigned a group.
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“Group Task”

Participants were instructed to complete a growgy@se which they were informed
was designed to investigate how group dynamicsadaotevith individual mood and
physiology. This task was actually a filler tas&mpleted (alone) once people had been
socially rejected or accepted in order to uphotdililusion and allow participants to ruminate
on their respective social manipulation. The task wesigned and delivered using Microsoft
PowerPoint software. Photographic headshots ofsraald females were individually
presented in the middle of a computer screen fosetonds each. A coloured screen was
then displayed for a further five seconds, durirgol participants were instructed to make a
“group” decision indicating on a Likert scale honehdly they thought the person was likely

to be based on the photo alone. A total of 48 phatere presented in this sequence.

3.1.4 Saliva Collection and Analysis

Saliva was collected five times over the duratibthe study via a passive drool
technique into a 2ml cryovial tube (Greiner Bio-Qud, UK). For this, participants were
instructed to clear their mouths by swallowing tip@sition their head forward with their
chin tilted towards their chest for a 90-secondqukto allow saliva to accumulate at the
front of their mouths. This was then transferreth appropriate, individually labelled,
cryovial tube with the assistance of a short saatiostraw. This procedure was repeated into

the same tube to constitute one sample.

The first two collections were directed and timgdlie researcher. The instructions
and timing for the final three collections was ifibimto the group task programme. After the
last photo presentation, the task instructed thggzant to find the corresponding cryovial
for the third saliva sample (the instructions weesigned for a group audience). Upon

clicking the mouse, a 90-second period was timedth® first half of a sample. This was
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followed by a screen asking the participant to dégbe saliva into the tube before clicking
the mouse again to time a further 90-second pefibd.following screens were timed to

enable the fourth and fifth samples to be takelDaninute intervals.

Samples were frozen at -80°C until required foagsgy. Samples were analysed for
levels of cortisol and sAA. More detailed infornmation these procedures can be found

elsewhere (see Chapter two).

3.1.5 Procedure

Ethical approval was obtained from Anglia Ruskimiérsity Faculty Research
Ethics Subcommittee. Participants were instructgdameat, drink (other than water), or
smoke for 30 minutes prior to the study, and toaiaffrom vigorous exercise for 90 minutes
preceding the study. Participants in groups ofv@se met by the researcher in a lecture
room. They were issued with a participant informatsheet and given time to read it and ask
guestions prior to signing a study consent forniti€pants were asked to drink a cup of
mineral water to rinse their mouths of any foodrdelf-ollowing this, participants completed
a pre-task questionnaire which included questietating to health behaviour, oral hygiene,
and general health. Ten minutes after taking thekdparticipants were issued with
instructions on how to give a saliva sample basethe passive drool method described
above. Participants then gave their first salivagga, after which they completed the SACL
and four VAS based on their current feelings andtemns. Participants were then
encouraged to chat freely as a group without tieeaice of the researcher (once a dialogue

was established).

Ten minutes after their first sample, participgmsvided their second saliva sample
using the same procedure as before. Again, apthid, they completed some questionnaires

(SACL and the four VAS). Participants were thenegivnstructions on how the group task
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would commence, that they were to be presentedstiithmages of faces which they were
to rate in their group by selecting a number onkaiit scale depending on how kind (or
mean) they thought that person was likely to betas the still image alone. They were
told that each member of the group was to ens@ghhd the same rating. Participants were
then instructed how to choose their groups beferegoseparated into individual rooms.
Participants were required to provide ratings eifrthbeers according to who they would
prefer to work with and were then issued with infation concurrent with their condition

(seeStressorsection above).

Participants remained in their individual roomstfte remainder of the session. After
completing the “group” task (ten minutes after sloeial manipulation), participants gave a
third saliva sample and completed a third SACL faal VAS. They were then instructed to
start completing the post-task questionnaire battenich was designed to measure aspects
of their personality, general and perceived heailtid, interpersonal support. Ten minutes
after the third sample, participants were instrddtegive their fourth sample and complete a
fourth SACL and four VAS. They then returned to tfuestionnaire battery for a period of
ten minutes before being asked to give their fiftld final saliva sample, and complete their

final SACL and four VAS.

Participants were given debrief sheets in thelvidual rooms, explaining the
underlying nature of the study, before being débedeas a group in the same room as they
started. The debrief was conducted in this marmprdvent any unnecessary embarrassment
from returning to a group they might have belietiad recently rejected them. Once
guestions and concerns had been addressed, pamntipere paid £8 to compensate them for

their time.
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3.1.6 Data Analysis Plan

Prior to testing the study hypothesis, the data @lored to ensure it met the
assumptions of parametric testing. Data from traéstionnaires was also explored briefly to
check for potential group differences. To testshaly hypothesis regarding changes over
time and influence of social manipulation, a seoksepeated measures ANOVAs were
conducted on the relevant dependant variablesr@pgrted stress, cortisol, etc), with time as
a within subjects factor and group as the betweebjests factor. Main effects of time are
reported though not necessarily explored where éineyjualified by time x group
interactions. For ease of clarity, group main @fege largely not reported unless significant
or relevant to the point of note. Where appropriatpriori and post-hoc testing was carried
out via paired-tests to isolate significant interactions. Coreecalpha levels (Bonferroni)

were calculated and are reported.
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3.2 Results
3.2.1 Data Exploration

All data was explored for outliers and to checkdlaéa met the assumptions for
parametric testing. All data obtained by salivalgsia (SAA activity, SAA secretion, cortisol
concentration and flow rate) included several eutland showed positive skewing, and was
therefore log transformed, which successfully ndised the distribution (Nicolson, 2008).
All analyses were conducted using logged data, kemngescriptive and graphical

representation of the means and measures of weariate presented using unlogged data.

A series of 2 (group; reject, accept) x 2 (timesddme, baseline 2) repeated measures
ANOVAs were conducted in the initial analysis oé tthata and revealed an apparent
difference in the physiological data between th& tiwo samples; baseline 1 and baseline 2
(taken approximately 10 minutes apart). Looking engpecifically at these two sample
points, flow rate was found to significantly incsea~(1, 37) = 10.53p = .002,np2 = .22,
from an average of .24mlIs/miBD = .15) to an average of .32mlIs/mB= .16). There was
no main effect of time on cortisol concentratiogl,, 34) = .02p = .89,np2 <.001, while
SAA activity, F(1, 29) = 12.00p = .002,11'02 = .29, and secretiofr(1, 29) = 35.40p < .001,
an = .55, both considerably increased. No signifigoup main effects or time x group
interactions were observed for any of the abowéiriigs (allF values < 1). For this reason,
future analyses are conducted using the secortediio samples as a baseline measure;

hereafter referred to as baseline 2.
3.2.2 Participant Characteristics

There were no significant differences betweenweedroups according to mean self-

reported levels of trait depression, stress, &makiety or any of the personality subscales (see
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Table 1). Participants in the social inclusion greeported having significantly more overall
functional interpersonal support compared to sbcrajected participants. Broken down into
the four subscales, perceived self esteem andiappshowed no significant differences
between the two groups, while a sense of belongmbtangible support were found to

approach significance.
3.2.3 Self-Reported Stress

Exploring the hypothesis that social rejection vdolglad to an acute increase in stress,
a 2 (condition; rejection, inclusion) x 3 (time;dedine 2, 10 minutes after social
manipulation, 20 minutes after social manipulati@peated measures ANOVA was
conducted on the self-report stress data from &@LS There was a significant time main
effect,F(1.67, 61.78) =5.44 = .Ol,np2 = 0.13 (Greenhouse-Geisser reporting). Further
investigation identified a significant rise in refed stress between baseline 2 and 10 minutes
after the social manipulation, regardless of pgudicts’ conditiont(38) =-2.85p=.01,d =
.41 (Bonferroni corrected alpha = 0.025). As casd&en from Table 2, participants do appear
to start recovering from this increase in strekbpagh the difference (decrease between 10
and 20 minutes after SM) remained just above theected level of significancé(38) =

2.23,p=.03,d=.29.
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Table 1

Participant characteristics

Social rejection Social inclusion
Questionnaire Factor / Subscale Mean SD Mean SD p value
STAI Trait anxiety 41.64 10.65 44.38 9.60 .55
DASS Depression 5.45 7.22 5.06 4.81 .78
Anxiety 5.36 4.61 4.06 2.86 .56
Stress 7.27 6.40 7.94 4.37 .93
Total 36.18 34.62 34.13 21.31 .80
GHQ Distress 98.18 27.13 99.81 22.96 .65
PSS -10 Stress 18.55 4.87 18.31 6.60 .99
Personality Extraversion 31.45 1.21 26.81 3.05 .16
Emotional stability 28.64 3.14 26.81 3.39 .30
Conscientiousness 33.64 3.17 32.25 3.13 A2
Agreeableness 33.27 4.24 33.50 2.92 T7
Intellect / Openness 34.09 3.65 33.00 4.40 .66
ISEL Appraisal 23.13 6.83 26.33 3.90 .10
Tangible 21.53 5.14 24.44 3.78 .05
Self esteem 19.53 5.28 20.78 3.95 .35
Belonging 21.47 5.88 24.83 4.59 .08
Total 85.67 20.59 96.39 14.08 .02

Note:STAI — State trait anxiety inventory, DASS = Demies Anxiety Stress Scale, GHQ =
General Health Questionnaire, PSS = PerceivedsS8eale, ISEL = Interpersonal Support

Evaluation List.
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Table 2

Total reported stress over time

Mean Reported Stress SD
(N =39)
Baseline 2 3.00 4.01
Social manipulation + 10 minutes 4.64 3.92
Social manipulation + 20 minutes 3.38 4.62

Mean stress scores did appear to show a higheripeagponse to social rejection
than to social inclusion (see Figure 2). Howeventrary to the hypothesis, the time x group
interaction was not found to be statistically sigaint, F(1.67, 61.78) = 0.8% = .42,1]p2 =

.02.
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Figure 2.Mean stress scores and variation (SE). SM = Sowalipulation.
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3.2.4 VAS

A 2 (condition; rejection, inclusion) x 3 (time;d®ine 2, 10 minutes post-social
manipulation, 20 minutes post-social manipulati@peated measures ANOVA was
conducted on each of the VAS to assess the adeteg®bf the social manipulation. No
significant main effect of time on reported optimisvas foundF(2, 72) = .30p = .74,11|02 =
0.01, though a significant time x condition intdrae was foundF(2, 72) = 5.58p = .01,an
= 0.13. Upon further investigation, participantsonere socially rejected were found to
report significantly less optimism immediately aftee social manipulation(19) = 2.88p =
.01,d = .31 (Bonferroni corrected = 0.0125), whereas participants who were socially
included showed no change in reported optimismrieafo after the social manipulation,
t(18) =-1.44p=.17,d = .18 (see Figure 3a). No significant differenceserfound in self-
reported levels of optimism from 10 to 20 minutéisrathe social manipulation for either

group (social rejectiop = .43; social inclusiop = .89).

For self-reported levels of happiness (see FigbjeaZignificant main effect of time
was revealed;(1.68, 60.29) = 3.6§ = .04,1],;,2 = 0.09, with a trend time x group interaction
also emerging suggesting different levels of haggsraccording to whether participants had
been socially rejected or includd€{1.68, 60.29) = 2.8 = .08,1],[,2 = 0.07. Post-hoc
analysis of the main effect of time illustratedgngficant decrease in levels of self-reported
happiness for all participants following the socranipulation phas#(38) = 2.60p = .01,d
= .29 (Bonferroni corrected = 0.03). There was no change in self-reported massi from
10 to 20 minutes after the social manipulatipr ((09). A-priori investigations of the trend
interaction identified a decrease in self-repottagpiness immediately following social
rejection that fell just short of the revised alpénel, t(19) = 2.53p =.02,d = .49
(Bonferroni corrected = 0.01), from an average reporting of 71.78® € 24.02) to

58.75% ED= 28.46). There was no significant difference ipaed happiness from 10 to

53



CHAPTER THREE

20 minutes after the social manipulatitd9) = -1.64, p =.12j = .15. Participants who had
been socially included showed no significant changteir reported levels of happiness

(baseline 2 — SM + 10 minutes= .35; SM + 10 minutes — SM + 20 minufes .45).

No significant main effect or interaction was idéatl for self-reported levels of
distress (alp values > .24; see Figure 3c). A significant timeimeffect was found for self-
reported tensiork(2, 72) = 3.43p = .04,11|02 = 0.09, though the time x group interaction was
not significantF(2, 72) = 0.50p = .61,1],;,2 = 0.01. Further investigation of the main effect,
using a Bonferroni corrected alpha (0.025), fouadignificant change in overall reported
tension immediately after the social manipulatipre(47) but a significant increased relaxed

state 20 minutes after the social manipulati@y)) = -2.89p = .01,d = .25 (see Figure 3d).
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Figure 3.Mean mood self-ratings (with standard error) fotirasm (a), happiness (b),

distress (c), and tension (d). A higher score iatis more intense feelings of the measure

Summary of Psychological Response

Contrary to the hypothesis, stress was foundgwifstantly increase following the
social manipulation in all participants. As expegt®r the social rejection group, self-
reported optimism and levels of happiness were fmthd to decrease following the social
manipulation task. For the social inclusion groaff-seported optimism and happiness did
not differ significantly pre- and post- social mauiation. There was no significant variation
in reported levels of distress in either conditimhjch opposes the hypothesis. Furthermore,

levels of tension did not differ significantly praad post-social manipulation but were
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significantly lower 20 minutes post-manipulatiommhl0 minutes post-manipulation. Overall
these findings do not support the hypothesis thabtrejection alone would lead to a
significantly more negative psychological statepaly the VAS measures of optimism and

happiness show changes in the expected manner.
3.2.5 Cortisol

A 2 (condition; rejection, inclusion) x 4 (time;d®ine 2, 10, 20, and 30 minutes after
the social manipulation) repeated measures ANOVA ezanducted to determine the
influence of social manipulation on cortisol reuiti. A significant main effect of time; (3,

93) =21.39p< .001,1],;,2 = .41, and a significant time x group interactieas found (3,

93) = 3.43p=.02,n," = .10 (see Table 3).

Table 3

Mean cortisol data (ug/dl)

Baseline 2 SM + 10 SM + 20 SM + 30

minutes minutes minutes
Social Mean 0.10 0.09 0.08 0.07
rejection SE 0.06 0.05 0.05 0.04
Social Mean 0.11 0.09 0.09 0.09
inclusion SE 0.06 0.04 0.04 0.03

Further investigation of the significant interactieevealed a general pattern of
decreasing cortisol concentration for socially cege participants. Specifically there was a
significant decrease between baseline 2 and 10tasmiter the social manipulatidfl9) =
2.71,p=.014,d = .20 (Bonferroni correai = .017). There was also a trend decrease between
10 -204(18) =1.96p=.07,d=.21, and 20 — 3@(17) = 1.97p = .07,d = 21, minutes after
the social manipulation. Additionally, when comparihe difference between the first

sample (baseline 2) and final sample (SM + 30 mihgjas found that there was a
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significant decrease in cortisol levels in thisugpa(18) = 5.61p < .001,d = .59 (see Figure
4). In contrast, for the socially included groupstdecrease appeared evident initially
between the baseline 2 and SM + 10 mins samigles), = 3.96p = .001,d = .39, and then
there was no significant change between either 20 minutes or 20 — 30 minutes after the

social inclusion§ = .56,p = .72 respectively).
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Figure 4.Time x condition group interaction on mean coft@mcentration

3.2.6 Alpha Amylase and Flow Rate

A 2 (condition; rejection, inclusion) x 3 (time;d®ine 2, and 10 and 20 minutes after
the social manipulation) repeated measures ANOVA ezanducted to determine any acute
effect of SM on sAA activity. A significant mainfett of time was found;(1.66, 51.44) =
6.82,p < .OOlnp2 = 0.18, however there was no significant time ougrinteractionf(1.66,

51.44) = 27p = .77np2 = 0.01. Upon further investigation of the time maffect, SAA
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activity significantly decreased between baselima@ 10 minutes after the SK33) = 3.09,
p <.001,d = .39 (Bonferroni corrected = 0.025). There was no significant change in sAA
activity from 10 to 20 minutes after the social npahation,t(34) = -.64p = .53,d = .05 (see

Table 4).

In keeping with current advice (e.g. Salimetrid312) when measuring biomarkers
that are potentially dependent on saliva flow, sge&retion (output over time) and saliva
flow were calculated and were analysed in the saua@ner as SAA activity. Interestingly,
for SAA secretion rate, there was no significantmedfect of timeF(1.53, 47.43) = .73
=.43,r|p2 = 0.03. Social manipulation was also not foundigmificantly interact with sAA

secretion over timé;(1.53, 47.43) = .13 :.83,1],02 =0.19 (see Table 4).
Table 4

Mean sAA activity and secretion

Baseline 2 SM + 10 SM + 20
minutes minutes
Activity Mean 75.22 55.82 57.85
(U/ml)
SD 59.70 50.20 54.37
Secretion Mean 2451 21.37 21.95
(U/min)
SD 20.67 21.49 18.63

Note.SM = Social manipulation.

For flow rate, a significant time main effect wasihd,F(1.52, 54.54) = 8.6
<.001,np2 = 0.19. No significant time x group interactionsndentified,F(1.52, 54.54) =
2.76,p= .09,11|02 = 0.07. Post-hoc testing of the main effect rexgdhat saliva flow
appeared to follow the exact opposite pattern as aativity, with a significant increase

between baseline 2 and 10 minutes post £38) = -2.68p =.01,d = .36 (Bonferroni
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correctedx = 0.025), which was maintained at 20 minutes postas manipulationt(37) = -

.07,p=.95,d=.01 (see Table 5).

Table 5

The relationship between sAA and saliva flow chargyer time

TIMEPOINT COMPARISON
Baseline — SM + 10 SM + 10 minutes — SM +

minutes 20 minutes

SAA activity p=.004 p=.53
Significant DECREASE No change

Flow rate p=.011 p=.95
Significant INCREASE No change

SAA secretion p=.19 p=.25
No change No change

Note.SM = Social manipulation

Summary of Physiological Response

Cortisol was found to decrease generally throughtmustudy, which was more
prominent in participants who experienced socigateon. sAA activity appeared to
significantly decrease following the social manaiidn phase for all participants, while flow
rate showed the opposite pattern and significantseased. There was no change in sAA
secretion. None of these findings support the hygsis for a greater physiological activation

in response to social rejection.
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3.3 Discussion

This study aimed to establish a stressor taskwhatsuccessful in eliciting a reliable
physiological and psychological response, markedrbincrease in reported stress and
increases in sAA and cortisol. VAS measured chaimgemotion due to the stressor. In line
with the hypothesis, social rejection was succésdfdecreasing reported levels of optimism
and happiness. However, there was no effect orrtexptension or distress. The SACL
measured changes in stress in response to the s@agulation and, in contrast to the
hypothesis, reported stress was found to increaak participants following the social
manipulation regardless of condition. Levels oftisot concentration were found to decrease
after social rejection but not social inclusiorgrigby failing to support the hypothesis which
had predicted an increase in cortisol followingiabiejection. Whilst there was a significant
decrease in sAA activity following social manipudet generally, there was also a significant
increase in flow rate in an exactly opposite maramel no change in sAA secretion rate, none

of which supported the experimental hypotheses.

According to data collected using VAS, social refatwas partially successful in
inducing a negative state. However, it is worthmgpthat all four measures of mood
(optimism, happiness, distress, and tension) stagaificant positive correlations at all time
points throughout the study (weakest correlatiqi39) = .45,p < .01; strongest correlation:
(38) =.92p<.001). Considering that a higher value indicatedore intense feeling of
emotion, it is initially surprising to observe agtove relationship between all of these
variables when two depict positive mood statesiifupim, happiness) and two depict
negative mood states (distress, tension). Howévesge scales are rudimentary in their
method of measurement — requiring participants kingpplace a cross along a continuum
line to indicate their current state — and allowtisgants to choose their own baseline. For

this reason, it is only natural that great variatall be introduced as individuals
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systematically endorse higher or lower numbersgugiis scale. Whilst the validity might be
guestionable, a within-subjects design might btllable to usefully apply these measures to
monitor individual change over time. Alternativelgterpretations drawn in a between-
subjects study (such as the present study) woutbaminated by such radical inter-
variation and so would be unreliable. Future stsigv@hin this thesis are therefore advised to

adopt more standardised measures of mood.

The lack of any significant effects of social ijen on reported stress above and
beyond that of social inclusion opposes the fingiofBlackhart, Eckel, and Tice (2007).
These results are surprising given that the metloggavas based on what Blackhart et al.
claim to be a commonly used protocol. FurthercBitert et al. applied some stipulations to
the rating process preventing participants fronmgaany person with whom they had some
form of social affiliation. They proceeded to natgheir discussion that lifting this limitation
might lead to stronger effects of social rejectsnthere would be an increased personal
significance of being rejected by people they ha@xsting relationship with. Therefore, the
current study should arguably have intensified f@ejings of rejection as there were no such
stipulations regarding precisely whom participasdsld or could not rate. However, it
remains possible that such an attempt to furthefakee rejected feelings failed on two
instances. Firstly, participants signed up to tneysindependently, with groups largely
consisting of people who were not existing friefiti®ugh data was not collected to monitor
this). Therefore, whilst the occasional instanc&iehds appearing to reject friends occurred,
to a large extent the ratings were made betweeamiliér people as in Blackhart et al.’s
study. Second, in instances where friends did appe&ject friends (in apparent favour of
unfamiliar people), it is possible that participastarted to see through the deception and so
became disengaged rather than feel excluded. Aseasure of manipulation scepticism was

taken before debriefing participants, it is difficto know definitively whether participants
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were entirely persuaded of their social manipufationdition, though post-debrief
conversations failed to highlight any specific abéaoncern. Future research might try to
avoid such limitations by including some check cemrpulation impression to assess

whether participants were successfully influenced.

Alternatively, the rise in reported stress acrasth Isocially rejected and accepted
participants could result from the nuances of da@maiety. While traditional models of
social anxiety posit that it is driven by a feamefative social judgement (Clark & Wells,
1995), recent attempts to further understand theegt have additionally considered the role
of positive evaluation. For example, Weeks, Heirgb&odebaugh, and Norton (2008) have
shown high correlations between a fear of posigvauation and measures of social anxiety.
Therefore, in the present study, perhaps simplyebeption of social feedback was
sufficient in producing an increase in perceivedss in the more socially anxious
participants. As a measure of social anxiety or éégositive/negative evaluation was not
taken in this study, such a hypothesis is conjecatithe present time. However, it is worth
noting at this point that in spite of a significamtrease being observed, reported stress levels
remained relatively low throughout the study givthg impression that participants were not
particularly stressed by the experience. For #son the above hypothesis seems unlikely
to hold true in this instance though remains aeradting consideration for future studies. In
further support of this assumption, the preserdystanly recruited participants who scored
below 50 on the STAI; a request made by the ettoosmittee. Blackhart et al. (2007)
included no such limitations. It is likely that, abiding by ethical stipulations, the present
study inadvertently selectively recruited a sani® were less sensitive to anxiety-
provoking situations. In future situations where #ample is restricted in such a manner, the
impact of social rejection might be more effectiivexposure is made in a more public

environment, with more of an audience presenceekample, Dickerson, Mycek, and
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Zaldivar (2008) found that participants who tooktpa a stressful task (delivering a speech)
in front of a judging audience, where the prospésiocial evaluation is apparent, showed a

significant increase in cortisol relative to whéme speech was given to an empty room.

The current study found a decrease in SAA activityesponse to both social rejection
and social acceptance. This finding is unexpecteghghat the current understanding
suggests that levels of SAA would be expecteddcese in response to an acutely stressful
event (e.g. Bosch et al., 1996). However, repastezkss was found to increase in response to
both manipulations therefore it is possible to pnés post-hoc rationalisation of this finding.
For example, while there are presently no studiasfocus specifically on the effects of
social rejection as a type of stressor on sAAréselts do provide partial support for studies
focusing on the influence of social stressors reloaspects of the ANS. For example,
Gunther Moor, Crone, and van der Molen (2010) presedings on heart-rate variability
following social rejection that in part draw a gégkto the patterns of general SAA activity in
the current study. Gunther Moor et al. claimed thrsixpected rejection specifically serves to
increase feelings of being hurt, which disruptsabtonomic balance in favour of
parasympathetic control, thereby leading to a dessaén heart rate. In support of this theory,
Heilman et al. (2008) also found a decrease inthate in children exposed to a social
challenge which remained absent when exposureaagphysical challenge. The self-report
data in the current study showed an increase@sstesulting from the social manipulation
element generally (i.e. regardless of whetherithislved social rejection or acceptance). It
is possible, then, that the decrease in SAA agtsgen generally in all participants, in
addition to an increase in flow rate which is regetl through parasympathetic activation,
could be a result of the social manipulation faetod so could serve to support Gunther

Moor et al.’s propositions further.
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The fact that socially rejected participants dostaiw effects above and beyond
socially accepted participants should, however bpeobverlooked. It remains possible that
this absence of any social rejection specific ¢éfen SAA activity (and reported stress)
could be explained further through the methodolagadtfalls in the study. While not
measuring sAA, Blackhart et al.’s (2007) study ectiéd a saliva sample and measured mood
immediately after the social manipulation elemeritereas the current design specified that
participants wait approximately 8 minutes to cortglée ‘group’ task before the next saliva
sample and measurement of stress. As participadtehly recently given their baseline
measure at the time of the social manipulatiowais considered unwise to repeat the process
too quickly for fear that participants would realthe deception. The additional time was
also intended to allow participants to ruminatelogir respective conditions, with the desired
and expected outcome being an amplified feelingjefction or acceptance (as in Zoccola,
Dickerson, & Zaldivar, 2008). However, without aasare immediately following the social
manipulation, it is possible that rejected parteits specifically did show a transient
decrease in sAA activity (to support Gunther Mooalés, 2010, finding), and possibly an
increase in reported stress, but that these hadesad within the time gap before the next
measurement. This is especially likely considethmgfact that participants who might
arguably be stronger ruminators of failure, i.@swho had scored above 50 on the STAI,
were excluded from the sample group on ethicalmpisuThe included sample may,
therefore, have been more resilient and so havedstnated a form of mood repair within
the 10-minute interval. Future research shouldefloee always endeavour to position saliva

samples and mood measures as closely to the stesspossible.

The patterns of response relating to sAA shoulthtegpreted with a degree of
caution. The secretion rate of SAA remained unchdrgroughout the study, whereas the

flow rate of saliva was found to increase. At preseAA is thought to be independent of
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flow rate (Rohleder, Wolf, Maldonado, & Kirschbau2906). However, the argument is far
from resolved (see Beltzer et al., 2010) and ctiradiice recommends researchers
additionally calculate flow rate when assessing s@Aaliva as a control measure
(Salimetrics, 2012). It is possible that the obsdrghanges in SAA activity are a derivative
of increased flow rate due, in essence, to theygmbhkecoming more dilute. For this reason,
there can be little confidence in extrapolatingrsfiedings beyond the scope of this research
study until future research on social stressordundiser investigated the source of this

pattern of response.

The finding related to cortisol patterns is unexpda@s it opposes Blackhart et al.’s
(2007) study and the present study’s hypotheseckiart et al. found a decrease in cortisol
following social acceptance but not social rejectiBlackhart et al. posited that the failure
for socially rejected participants’ cortisol levétsshow the same decrease as participants
who were in a control condition or who were sogialtcepted provided evidence for the
stressor being effective by interfering with théumal decline in cortisol levels over time
through diurnal variation (e.g. Buchanan, KerngAll Tranel, & Kirschbaum, 2004).
Participants who experienced social rejection is $kudy responded with a decrease in their
levels of cortisol, unlike participants who expeaied social acceptance whose cortisol levels
remained unchanged. Applying the same notion tatineent findings would imply that the
process of being socially accepted was sufficiemlicit a cortisol response, whilst the
decrease in socially rejected participant’s cotfiseels was simply a response to natural
rhythms. Alternatively, this finding could be inpeeted as the stressor being unsuccessful in
eliciting a reliable physiological effect, whichgspported by the general tendency for

laboratory stressors to be largely ineffectivehiis manner (Dickerson & Kemeny, 2004).

The finding that the condition which was designethé¢ a comparison group, social

inclusion, has in this instance appeared to r@swalh increase in cortisol is confusing. Aside
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from the differences listed above between the ptestedy and Blackhart et al.’s (2007)
study, it is unlikely that methodological differesscbetween the two studies are accountable
for the discrepancy, as both were conducted overoapmately the same length of time in
the late afternoon, when cortisol cycles shouldele susceptible to circadian fluctuations
(Schmidt-Reinwald et al., 1999). In addition toiabeejection and social inclusion,

Blackhart et al. included a control condition inighparticipants were informed they had
accidentally been assigned to the wrong group aere supposed to complete the “group
task” alone. This was different to either of theiabmanipulation conditions as the reasons
behind completing the task alone were inferredeasgodue to an administrative error rather
than positive or negative social evaluation. WBilackhart et al. found no physiological
difference between the control and social acceptanadition (hence why here only one was
chosen), it is possible that the social inclusiondstion failed to act as an appropriate control
condition in the present study. However, assuntigyto be the case, one would still not
expect social inclusion (i.e. positive social ewadilon) to lead to increases in cortisol; a stress

hormone.

Of critical importance, while not directly relatemlthe study aims or hypothesis, is
the finding of a disparity between the first twdiveeasamples in terms of their overall volume
and analyte concentrations. Specifically, flow ratel SAA activity and secretion all
increased significantly from baseline 1 to 2, windgtisol concentration was unaffected. This
difference is particularly curious in consideratmfrthe fact that just 10 minutes separated the
two samples during which participants were chatia@ group, a process initially included
to ease participants into the session. While tdéterences may have occurred due to the
effects of interacting within a social environmahts also possible that they are a result of
participants becoming accustomed to the procedsmdting saliva. This explanation would

also account for the lack of any change in cortiatiich is known to be independent of flow
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rate. If confirmed, this interpretation might pata question certain conclusions drawn in
many studies where, for example, authors attriffatee) changes in biomarkers to
psychological interventions. This is especially ortant given the propensity for the first
sample to additionally act as a single baselinetlfis reason, before continuing
investigating social rejection, cognitive bias atess further, Study 2 will be dedicated to
resolving some of the methodological issues sumgnthe collection of saliva for use in
biobehavioural research. Specifically, Study 2 ¥attus on the need for an acclimatisation or
‘practice’ sample, which will aid future studiesntained within this research and the general
field by providing evidence as to whether a praciample should be implemented into

research protocols that focus on the acute eftddress or other manifestations as standard.

To summarise, the present study failed to estahlieliable stressor, that is, one that
elicits a resolute psychological and physiologreaction. This aim therefore requires further
attention and shall be addressed again in Stu@iere is a potential for the present results to
infer partial support for researchers claimingefffects of social stressors (such as social
rejection) lead to parasympathetic autonomic contmgeilowever, this assumes that
decreases in SAA activity were not corrupted herabreases in flow rate. This issue will be
further addressed in Studies 2 and 3, which wilklat the methodological practicalities of

using saliva in research.
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4.0 CHAPTER FOUR: STUDY TWO

Investigating the need for a practice sample iivagt biomarker research
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The discovery that saliva could act as a biologimadow, giving snapshot accounts
of internal processes in a more convenient ancaBpgermissible way than serum or urine
collection, has led to an abundance of studiessioguon how the body physiologically
responds to the external environment around themy Eesearch investigating the
physiological effects of stress in the social wdréd focused mainly on responding levels of
cortisol in saliva (e.g. Hellhammer, Heib, Hub&rtRolf, 1985). As previously discussed,
cortisol is released by the adrenal glands follgnhgpothalamic pituitary adrenal (HPA)
activation and travels through the blood into salna passive diffusion (Vining, McGinley,
& Symons, 1983). More recently, SAA has also reegigonsiderable interest in stress-
related research owing to its close relationshifp woradrenaline and consequent potential as
a proxy for sympathetic activation (e.g. Chattertdogelsong, Lu, Ellman, & Hudgens,
1996; Nater et al., 2005). The finding that saljwsfA increases following periods of acute
stress has since been replicated numerous timespgaadrs relatively robust (e.g. Bosch et
al. 1996; Chatterton et al., 1996; Nater et al0S2QRohleder, Nater, Wolf, Ehlert, &
Kirschbaum, 2004). Prior to this, there was no whseliably measuring sympathetic

activation through salivary biomarkers.

By having biomarkers that represent the two keyogical stress responses (HPA and
SAM), research is better able to reliably captheernhulti-faceted dynamics of the
physiological response to stress. However, whileveaient, relying solely on one parameter
(i.e. saliva) to infer changes to much broader jghggical systems increases the risk of
misinterpreting the meaning of data. Specificatlyanges in analytes might be incorrectly
attributed to physiological changes when, in fdety are brought about due to confounding
factors. This study investigates one such poteotiafound; whether or not practice samples

should be implemented into research as standaceguoe.
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Several factors are known to influence one or lobthe key stress-related salivary
biomarkers (i.e. cortisol and sAA), and thus neeld considered by researchers when
designing experiments and interpreting findings. &ample, both biomarkers are governed
by natural diurnal rhythms (Kirschbaum & HellhammE®89; Nater, Rohleder, Schlotz,
Ehlert, & Kirschbaum, 2007), which researchers nngssensitive to in their experimental
design. Additional factors include (but are notrieted to) gender (Kirschbaum, Kudielka,
Gaab, Schommer, & Hellhammer, 1999; Kirschbaum, \\&uslellhammer, 1992), age
(Chahal & Drake, 2007; Strahler, Mueller, Rosenhs¢ Kirschbaum, & Rohleder, 2010),
exercise exhaustion (Gilman, Thornton, Miller, &eBiner, 1979; Kirschbaum &
Hellhammer, 1994), smoking habits (Kirschbaum, Wé&sS$trasburger, 1992; Weiner, Levy,
Khankin, & Reznick, 2008), and flow rate dependef\yning, McGinley, & Symons,

1983). Evidence from our laboratory and Study 1ledgo a potential additional confound

worth concern; practice effects.

In Study 1 there was a general tendency for ppers’ initial samples to
considerably differ to their subsequent samplet) witial samples tending to be smaller in
volume. Assuming both biomarkers are independenhahges in flow rate, meaning that
changes in the volume of saliva bear no impacherconcentration of the analyte, this
observation should not merit further concern. Hosvewhile there is a general
understanding that cortisol is independent of ckanyg flow rate (Kirschbaum &
Hellhammer, 1994), there is less consistency iratgement regarding sAA. Supposing that
SAA activity is reliant on saliva flow, changesfiow rate could bring about apparent
changes in sAA without direct ANS input. In terniglee observation regarding the flow rate
of a participant’s first sample, such dependencelevdeem the first measure of SAA as
unreliable. This study could therefore provide imgnt evidence for future

recommendations of good practice for researcheng gslivary biomarkers to measure acute
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effects of interventions, such as stress. Furthany studies use the initial sample as a
baseline measure against which to compare anyip@st:ention measures to. If this study is
successful in reproducing data to suggest thdirdtesample might be unreliable, then it is
possible that previous interpretations of any clearig biomarkers in response to particular
stress/relaxation interventions, specifically thtigs might be reliant on flow rate, might also

be erroneous.

The relationship between sAA and flow rate has leepirically investigated. Early
research on unconscious rats discovered that shetpabctivation of the ANS led to a low
flow rate of saliva that was richly dense with sfgnderson et al., 1984). Alternatively,
parasympathetic activation resulted in the oppgmatéern; high flow rate containing low
amounts of sAA (Asking, 1985). The authors conctutteat these findings implied that the
release of SAA was influenced by ANS control. Hoesel is possible, instead, that changes
in flow rate accounted for or contributed towards increased or reduced percentage of SAA
within a sample. More recently, Rohleder, Wolf, Mahado, and Kirschbaum (2006)
conducted an investigation into the flow/sAA redahip. Male participants underwent a
well-known stress test (TSST; Kirschbaum, Pirke;l&lhammer, 1993) and a control task
on consecutive days. Saliva was collected usirngethe passive drool technique (as was
employed in Study 1) or using a Salivette; a cofwab that absorbs saliva. Rohleder and
colleagues noted an increase in flow rate in respaoo the TSST when saliva was collected
using the passive drool method only. In the sarmemrsAA activity and secretion also
increased in response to the TSST, which Rohladdr ook as evidence that the two
measures (flow rate and sAA) were independent. ifitkespretation was reached because a
dependent relationship would result in opposinggpas of response, as was documented
following the psychological intervention in StudyQonsequently, the observed

increase/decrease in SAA would have been a relsdilubed/stronger concentrations within
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the volume of saliva. As both sAA activigndsaliva flow increased following the social
stressor in Rohleder et al.’s study, the two vadeigldo appear in this instance to be

independent.

While there has been a general tendency for reserarto take Rohleder et al.’s
(2006) findings as evidence that the matter has besolved (e.g. DeCaro, 2008), others
argue that there is insufficient evidence to codelthe debate with any confidence. For
example, in their own review on the uses and pralities of SAA, Rohleder and Nater
(2009) continuously refer to flow rate as a potntonfound of sAA. Further, current
specialist advice (e.g. Salimetrics, 2012) continieerecommend that flow rate should be
measured when analysing samples for SAA, thereggesiing the claim is not entirely

assured.

The purpose of the present study is to ascertagtivein there is a need to implement a
practice sample(s) as standard in research thaturesabiomarkers that are potentially
sensitive to changes in flow rate. Practice sampladd be necessary if flow rate is found to
be significantly lower in the initial samples, @@ to subsequent samples. These aims will
be addressed by recruiting participants who hav@reviously given saliva samples for
purposes of research who will receive instruction$iow to give a saliva sample. Two
groups of participants will then practice the passirool method of saliva donation (either
once or three times), and one group will not pcactParticipants will then give four saliva
samples using the same method. Salivary bioma(Kevs rate, cortisol concentration, and
SAA activity and secretion rate) will be compareiotime to determine whether (a) the
initial sample from participants who have not piaed the technique is smaller in volume
relative to subsequent samples of that group &sd, whether (b) providing one or three

opportunities to practice the technique eradictitiss
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It is hypothesised that participants who have razfice sample will show
considerable changes in the volume of their four@as; specifically an increase in saliva
flow between their first and second samples. Secoespite Rohleder et al.’s (2006) study
suggesting otherwise, sAA activity is expectedhovs a significant decrease between the
first two samples in participants who have not pcad the technique. Third, SAA secretion,
the calculation of which should correct for chanigesaliva flow, is predicted to remain
stable during these time points in this sample gréwourth, based on it being independent of
saliva flow, cortisol concentration is predictedsttow no change as a result of variation in
saliva flow. Finally, participants who have eitlogre or three chances to practice are
predicted to show no change in cortisol, salivavflor SAA activity or secretion across their

four samples.
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4.1 Method

4.1.1 Design

This study employed a 3 (condition) x 4 (samplinge points) mixed factorial design
(see Figure 5). The independent between-subjea&bl@was condition assignment: no
practice, 1 practice sample, or 3 practice sampliparticipants were then required to give
four saliva samples (within subjects independenibée), each separated by 10 minutes.
Mood was measured at four time points throughoaistiody and trait measures were taken
once to assess potential influences. The dependeables were flow rate, cortisol
concentration, SAA activity and secretion ratef ssgported stress, positive and negative

affect, and reported optimism, happiness, distia@sd tension.

4.1.2 Participants

Staff and students from the University of East Amglere sent details of the study
via email. Those interested in taking part wereted/to contact the researcher to receive
more detailed information. Sixty-three participat8S females, 28 males) aged between 19
and 53 yearsM = 27.74,SD = 8.88) took part in the study and were randorskigned to
one of three conditions, including a no-practicadition (h =22), one practice sample
condition o =21), and three practice samples conditiorZ0). Sessions were run in groups
with all participants in one group being in the satondition. Sessions were assigned a
condition by alternating between the three condgif.e. group 1, group 2, group 3, group 1,
group 2, etc). Participants booked into sessionsrding to their personal availability
without prior knowledge of which condition had besssigned to that session. Participants

reported having no experience of giving salivatfer purposes of research.
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4.1.3 Materials

Psychometric measuresState assessment. Participants completed a series of state-
based questionnaires at four time points througtieustudy, consisting of the Stress-
Arousal Checklist (SACL; Mackay, Cox, Burrows, &4zerini, 1978), four visual analogue
scales measuring levels of optimism, happinesgeds and tension (see Study 1 for more
details on these scales), and the Positive andtNegsffect Scale (PANAS; Watson, Clark,
& Tellegen, 1988). The PANAS was designed by Watsasl. to measure two dominant
features of emotion; positive affect and negatifech The scale is composed of 20
adjectives that participants are required to rata five-point scale according to their current
state. Importantly, these adjectives were chosenatheir independent reference to either
positive or negative affect. For example, the teritable describes a degree of negative
affect but has a near-zero loading to positivecaff8imilarly, enthusiastianight describe a
state of positive affect but would rarely be usedefer to negative affect. The scale has been
shown to have good internal consistency (PA.83-.90; NAa = .85-.90) (Watson et al.,
1988). The scale is considered to be relativelysbbo demographic variables, though
Crawford and Henry (2004) noted gender differenEesales reported significantly more
negative affect than males, while males reportgdifscantly higher positive affect than

females (Crawford & Henry, 2004).

Psychological measures. To fill time between samples and also measurefac¢hat
have the potential to influence salivary analypesticipants completed a questionnaire pack
consisting of the General Health Questionnaire (GBQIdberg, 1972; Goldberg &

Williams, 1988), Perceived Stress Scale (PSS; Cdkamarck, & Mermelstein, 1983),
Depression Anxiety Stress Scale (DASS; Lovibond&ibond, 1995b), a personality
inventory (Goldberg et al., 2006), and the Intespeal Support Evaluation List (ISEL;

Cohen & Hoberman, 1983). Study 1 contains furtlescdption on each of these scales.
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Participants were not required to fully completis thooklet and the data is not referred to in

the analysis other than to report participant attarestics where sufficient data exists.

Saliva collection and analysisSaliva samples were passively collected into 3ml
cryovial tubes (Greiner Bio-One Ltd, UK). Samplesrevfrozen at -80°C until required for
analysis. Flow rate was determined gravimetricalyg samples were assayed for levels of

cortisol and sAA (see Chapter two for further dstaf these procedures).

4.1.4 Procedure

Ethical approval was granted by the Faculty of HeRlesearch Ethics Committee,
University of East Anglia. Participants receivedfiBtheir effort and time. All testing
sessions were run on weekdays between the hod&s-e8pm on campus at the University
of East Anglia psychology testing laboratories.tiegrants were instructed not to eat, drink
(other than water) or smoke for 30 minutes priathe study, and to abstain from undertaking
vigorous exercise for 90 minutes prior to partitipa. On entry to the session, participants
were first given information sheets and consenmhbefore being verbally briefed on the
study procedure. Once participants had consertey,dompleted the first set of
guestionnaires designed to measure state mooddaPtarticipants were then given
instructions on how to give a saliva sample. Tiseaecher explained the sample tracking
procedure, which consisted of writing down uniquiget barcode details on a sheet each time
a sample was given. Participants were informedttteasample was taken over a 3-minute
period, which would be broken down into two 90-seteamples. Before each sample,
participants were informed they would be askedearcheir mouths by swallowing before
sitting with their head tilted forwards to allowyasaliva in their mouths to pool at the front.
Participants were informed that after a timed 9fbad period they would be asked to deposit

any saliva through a piece of straw into a cryotuéle. Participants were informed that this
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procedure would be repeated a second time inteah® tube, through the same straw piece,
to complete one sample. Participants were alssuees that they were not expected to fill
the tubes and advised not to be concerned aboutrhak saliva they produced compared to
other people, as saliva flow rate varies considgraimong people. Following the instruction
period, two conditions had an opportunity to preetiow to give saliva; one condition had
one opportunity and one condition had three oppdtras. The remaining condition received

these instructions but had no opportunity to pcacti

Participants then completed the second state assasbefore receiving a small
drink of still bottled mineral water to clear thewouths of debris and help optimise the
quality of the future samples. To prevent the driffkuencing the future samples,
participants waited 10 minutes before giving ano#@nple. During this time, participants
completed the trait questionnaire pack (Bsgchometric AnalysisBefore starting the saliva
donation, participants were asked to completerd #iate assessment. In all conditions,
participants then each gave four samples, whicle weparated by 10 minutes each during
which they returned to completing the trait questimire pack. Each sample was taken using
the exact procedure that was instructed earlist. lefore the last samples, participants
completed a final state assessment. Before leapartjcipants were offered some anti-
bacterial hand gel and an opportunity to ask argstions or raise any concerns regarding the

study.

4.1.5 Data Analysis Plan

Data was explored to check it met the assumpftangarametric testing. Data from
trait questionnaires was explored briefly to monkietween-group differences. Data from the
state questionnaires was explored to monitor cheimgeood throughout the study. To test

the study hypothesis, a series of repeated mea8N®¥ As were conducted on the relevant
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dependant variable data (e.g. reported stress,ritay etc), with time as a within subjects
factor and group as a between subjects factor.iGreader has been found to also influence
salivary biomarkers (e.g. van Stegeren, Wolf, &djr2008), gender was considered post-
hoc to be a potential source of interest and soiméisded along with condition as a between
subjects factor in ANOVAs looking at the effectshalving an opportunity to practice giving
saliva via the passive drool method. Main effectsnoe are reported though not necessarily
explored where they are qualified by time x grouphoee-way interactions. For ease of
clarity, gender and group main effects, gendemetinteractions, and gender by group
interactions are largely not reported unless siggmtt or relevant to the point of note. Where
appropriate, pairetitests were used to investigate a priori and postdomparisons.

Bonferroni corrected alpha levels are reported.
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4.2 Results
4.2.1 Data Exploration

The data was explored for outliers and to cheaoket the parametric assumptions for
testing. To successfully normalise the salivaragdatich showed a general tendency to be
positively skewed and showed platykurtic distribatiall flow rate, cortisol concentration,
and sAA activity and secretion data were log trarmmegd. All analyses were conducted using
logged data, however descriptive and graphicalesgntation of the means and measures of

variation are presented using unlogged data.
4.2.2 Participant Characteristics

A univariate ANOVA revealed no significant diffe@nin age across the three
conditions,F(2, 55) = .95p = .39,1,°= .03, or across gendd¥(1, 55) = .86p = .40,1,°=
.02. Mean levels of self-reported stress (meashyatie SACL) on entry to the study were
2.65 SD= 3.13), with no significant difference being falibetween conditions;(2, 57) =
92,p=.41,1,°= .03, or gendel(1, 57) = 1.40p = .24,1,°= .02. Chi-squared analyses
revealed that the gender ratio was not signifigatifferent across the three conditiops(2,

N =63) = 1.96p = .38.

A series of univariate ANOVAS were run on the tragasures taken from
guestionnaires that revealed no significant maieces of condition or significant condition x
gender interactions (see Table 6). A trend maiece®f gender was found for the personality
subscale agreeableneB§], 56) = 3.60p = .06,np2: .06, with femalesMl = 41.06,SD=
5.22) scoring higher than maleéd € 38.29,SD= 5.89). This finding was not considered to
be of detrimental effect to future analysis. Indtgle finding further justified the inclusion

of gender as a potential confound in analyses.
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Participant trait characteristics

Overall (all Main effect Gender x
participants) _ condition
Condition Gender )
interaction
Scale Factor N Mean SD pvalue pvalue pvalue
GHQ Distress 63 46.33 11.52 31 .33 .64
PSS-10 Stress 63 2198 3.39 74 .16 .79
ISEL Interpersonal 63 89.90 16.52 .39 22 .68
support
Personality Extraversion 62 31.71  7.36 .94 41 .56
Agreeableness 62 39.81 5.66 94 .06 .30
Conscientiousness60 34.68 6.20 .96 23 .61
Emotional 61 30.93 7.80 .52 41 42
stability
Intellect 63 37.33 5.52 .39 .95 .32
DASS Depression 63 4.25 3.83 .52 .10 .58
Anxiety 63 3.94 3.65 19 .25 .54
Stress 63 6.97 4.48 .92 .82 .86
Total 63 30.32 19.55 A7 74 72

Note:GHQ = General Health Questionnaire; PSS = Perceédtaxss Scale; ISEL =
Interpersonal Support Evaluation Checklist; DASBepression Anxiety Stress Scale.
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4.2.3 Changes in Mood

A 2 (between subjects; gender) x 4 (within subjeiotse point) x 3 (between
subjects; condition) repeated measures ANOVA waoruthe reported state stress (from the
SACL). No significant main effect of time was idiied, F(3, 171) = .16p = .93,np2< .001,
and there was no significant time x condition iatgion,F(6, 171) = .32p = .93,np2= .01.
While there were no significant main effects of diion or gender, and no significant time x
gender or gender x condition interactions Fallalues < 1), a significant three-way
interaction emergedi(6, 171) = 2.29% = .O4,np2: .07. To explore this, 2 (between subjects;
gender) x 4 (within subjects; time) repeated messNOVAS were run on data split by
condition. For participants who practiced the tegha either once or three times, there was
no significant main effect of time or significamhe x gender interaction (gllvalues > .15).
No significant main effect of timé;(3, 60) = .39p = .76,np2: .02, or gendei(1, 20) = .60,
p= .45,np2= .03, was found for the no practice condition gjloa significant time x gender
interaction was reveale#(3, 60) = 2.85p = .O5,np2= .13 (see Figure 6). Efforts were made
to investigate this interaction further by runnnegeated measures ANOVAs on female and
male participants within this condition separatalyd by running univariate ANOVAs
comparing male and female stress scores withirctimslition at each time point, but no

further significant findings emerged (@lvalues > .11).
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Figure 6.The time x gender interaction for reported str&%GL) in participants who did

not practice giving saliva.

A 2 (gender) x 3 (condition) x 4 (time) repeatedasieges ANOVA was conducted on
reported positive affect, taken from the PANAS.idgngicant main effect of time was
identified,F(1.83, 93.50) = 11.8@ < .001,np2: .19 (Greenhouse Geisser corrected). Post-
hoc analysis of the main effect of time on chamgeasitive affect was conducted using
pairedt-tests (see Table 7). A significant decrease iitipesaffect was identified from time
points 1-2(58) = 3.07p = .003,d = .20 (Bonferroni corrected = .017), and 3-4(60) =
2.63,p=.011,d = .14, with a trend decrease being revealed fram fpoints 2-3t(60) =
2.35,p=.022,d = .12. Comparison of the first and fourth time psirevealed the largest
decrease, from a mean of 27.8D(= 7.40) to a mean of 23.78D = 9.51), suggesting
generally that positive affect decreased throughtmaistudy. No significant interactions or
main effect of gender was identified (plvalues > .11). A similar ANOVA was run on the
reported negative affect data separately (see TigbMNo significant time, gender, or

condition main effects, or significant interactiomere revealed (af values > .20).
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Table 7

Descriptive data for reported positive and negaa¥kect over time

N Time points
1 2 3 4

Positive 57 Mean 27.81 26.30 25.05 23.74
affect

SD 7.40 8.42 9.26 9.51
Negative 57 Mean 12.61 12.05 11.88 11.70
affect

SD 3.75 3.42 3.11 2.88

4.2.4 Hypothesis 1: Saliva Flow

A 2 (gender) x 3 (condition) x 4 (sample time ps)nepeated measures ANOVA was
conducted that revealed a significant main effét¢inee on saliva flow rate;(2.21, 121.68)
=6.65,p= .001,np2= .11 (Greenhouse Geisser corrected). No signfificandition x time
interaction,F(4.43, 121.68) = 1.24 = .30,np2: .04, but a significant three way interaction

between time, condition, and gender was foti{d,43, 121.68) = 3.0 = .02,np2: .01.

In order to further explore the significant threaywnteraction, 3 (condition) x 4
(sample time points) repeated measures ANOVAs wer@n male and female participant
data separately. For male participants, a sigmfioaain effect of time on flow rate was
revealedF(3, 75) = 3.12p = .03,np2: .11, but no significant main effect of grotg2, 25)
= .44,p = .65,n,"= .03, or time x group interactioR(6, 75) = 1.22p = .31,n,°= .01, was
found (see Figure 7a). Pairetksts were carried out but failed to reveal agyificant
change in flow rate over time (samples 2 .08, samples 2-8= .53, samples 3-4=.51;
Bonferroni corrected = .0167). For female participants, a significamtimeffect of time on

flow rate was identified-(2.03, 61.02) = 4.63 = .Ol,np2= .13 (Greenhouse Geisser
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corrected), that was qualified by a significantdimncondition interactiorf;(4.07, 61.02) =
2.90,p= .03,np2: .16 (see Figure 7b). To further explore the digant interaction, repeated
measures ANOVAs were conducted on female flowdata from each condition
individually’. Female participants who had practiced the tectengither one(3, 39) = .95,
p=.42,1m,°= .07, or three time$(1.13, 9.04) = 1.1% = .32,n,° = .13 (Greenhouse Geisser
corrected), showed no significant change over tmflow rate. Female participants who had
not practiced the technique showed a main effettad, F(1.26, 11.35) = 4.4y = .05,np2:
.33. Paired-tests found a trend increase in flow rate betwszanples 1-2 in this subgroup,
t(10) = -2.03p = .07,d = .66 (Bonferroni corrected = .017), followed by no change in flow

rate between samples 2t@,1) = .64p=.54,d= .12, or 3-4}(10) = .63,p = .54,d = .10.

To conclude, results appear to partially suppathiyppothesis regarding the influence
of having a practice sample on changes in flow. iBpecifically, females who had no
practice sample tended to have more variabilityow rate, with further investigation
appearing to support the hypothesis; that an isereaflow rate would be evident between
the first two samples for this condition. Femaleipgants who had practiced giving a

sample (either once or three times) showed nofgignt variability in their flow rate.

® It is worth noting that as gender did not formtpmrthe primary hypothesis, sample sizes in thithier
exploration are small: Female no practice grouf=fdmale 1 practice group = 14, female 3 pragioaip = 9.
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Figure 7.Mean unlogged flow rate changes over time for makticipants only split by
condition (a) and for females only split by conatiti(b).

4.2.5 Hypotheses 2 and 3: Alpha Amylase

Hypothesis 2: Activity. A 2 (gender) x 3 (condition) x 4 (sample time ps)nt
repeated measures ANOVA showed no significant reti@ct of time on sAA activityt(3,
147) = .67p= .57,np2: .01, and no significant time x group interactib(g, 147) = 1.113p

=.351,°= .04.

Hypothesis 3. SecretionA 2 (gender) x 3 (condition) x 4 (sample time ps)nt
repeated measures ANOVA showed a significant mi@cteof time on sAA secretion(3,
147) =3.70p = .02,np2: .07 but no significant time x group interactiéi¢, 147) = 1.66p
= .13,np2: .06. Paired-tests were conducted to further investigate tgriicant main effect
of time (see Table 8) and revealed a trend incregasecretion between samples 1{24) = -
2.09,p = .04,d = .18 (Bonferroni corrected = .017). No significant changes were revealed
thereafter (samples 2-857) = .15p = .88,d = .01, samples 3-457) =-.29p=.77,d =

.03).
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Table 8

MeansAA secretion (U/min) and variation

Sample time points

1 2 3 4
Mean 9.15 9.89 9.53 10.04
SD 7.91 6.80 6.16 6.94

To conclude, sAA activity appeared to remain redy stable while SAA secretion
appeared more variable over time. This did not setghe hypothesis, which claimed that

SAA activity would mirror changes in flow rate wstilsecretion would remain stable.
4.2.6 Hypothesis 4: Cortisol

A 2 (gender) x 3 (condition) x 4 (time point) reped measures ANOVA was run on
participants’ cortisol data, revealing a signifitamain effect of time on change in cortisol
concentrationf(2.32, 113.54) = 11.03 < .001,np2: .18 (Greenhouse Geisser corrected),
which was qualified by a significant time x conditiinteractionF(4.63, 113.54) = 2.4§ =
.04,np2= .09 (see Figure 8). A non-significant trend tingender interaction was observed,
F(2.32,113.54) = 2.4 = .09,np2: .05, but there was no significant three way mtéor?,

F(4.63, 113.54) = .9 = .47 1,2 = .04.

Investigation into the significant time x conditilteraction was conducted by
selecting data from each condition separately anding repeated measures ANOVAs. For
participants who had no practice sampl, 51) = 7.85p < .001,np2= .32, and one practice

sampleF(1.67, 31.87) = 5.0§ = .02,np2= .21 (Greenhouse Geisser corrected), a significant

® The trend time x gender interaction was not exgddurther due to no significant three-way intei@tbeing
found. This meant that, while male and female paudints’ cortisol levels differed at different ptiracross the
study, this was not dependent on their conditiaththos not of direct interest to the study aims.
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main effect of time on cortisol concentration waesrntified. No significant main effect of
time on cortisol concentration was observed inipadnts who had practiced three times,
F(3,48)=1.73p = .17,np2: .10. For the no practice group, paitadsts revealed no
change in cortisol between samples 1(P3) = -.13p=.90,d = .02, or 2-3§(18) =-1.27p
=.22,d= .18, followed by a trend increase between sanfd(18) = -2.13p=.05,d=
.33 (Bonferroni corrected = .017). For the one practice group, a trend eeevas
identified between samples 11£19) = -1.88p = .08,d = .23, followed by no change in
cortisol between samples 2t80) =-1.29p = .21,d = .14, or 3-41(20) =-1.02p=.32,d =

.09 (Bonferroni corrected = .017).
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Figure 8.Mean cortisol concentration change across timerdeugpto condition

In sum, there was a main effect of time on cortgmicentration which, upon further
investigation, appeared to indicate an overallease in cortisol concentration. This failed to

support the hypothesis, which predicted no chang®itisol concentration.
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4.3 Discussion

Samples from participants who were not presentdid tive opportunity to practice
giving saliva using the passive drool method wemaokthesised to show considerable
differences between their first and second (nowtm®) samples. Specifically, rate of saliva
flow and levels of SAA activity were predicted tgrsficantly increase and decrease
respectively. Investigation of a significant thieay (time x condition x gender) interaction
provided tentative support for the hypothesis awfrate. Evidence of patterns in the
predicted direction was found in female (but notepparticipants who did not practice the
technique. There was no evidence of change in SAiity over time, or any time x
condition interaction or three-way interaction, ahfailed to support the hypothesis in light
of the findings in flow rate. There was a main effef time of SAA secretion though no time
X group interaction. This supports the hypothestsch predicted no condition-dependent
variation. Contrary to the hypothesis, a time xdiban interaction was found for cortisol
concentration. Cortisol appeared to generally iaseeacross the study, though this was found

not to be significant in participants who had picex giving saliva three times.

While the increase in cortisol concentration asithe study appeared to be limited to
participants who had not practiced giving salivavbio had practiced once, further
consultation of the means might offer a potentalson for this. When inspecting Figure 8,
mean cortisol concentration appears to increaa#t gonditions from samples 1-3, though
there appears to be a decline in concentrationdstvgamples 3-4 for participants who have
had three practice samples. In hindsight, thistfosample could be considered as
superfluous, as the hypothesis related more téirdteand second samples. Samples 3 and 4
were included to monitor the after effects of aigngicant changes found between samples
1 and 2. As cortisol concentration appears to esxdetween samples 1-3 in the three

practice condition, it is proposed that the sigmifit time x condition interaction that is
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documented in the results section is more thetre$ain anomaly rather than evidence of

practice effects in cortisol.

The finding that females specifically seem to beergensitive to changes in flow rate
when they are not afforded any chance to pradiegassive drool technique could suggest
that the effects are due to participants needing to become more comfortable with the
procedure rather than them learning to use theadetbrrectly with practice. This notion
seems likely in consideration of the fact that fesednave been shown to exhibit a greater
physiological stress response to stressors thiatde@n element of social threat compared to
males (e.g. Salvador, 2005; Stroud, Salovey, & E3@2). This is thought to be owing to
their comparatively greater evolutionary sociaerflaylor et al., 2000) and the tendency for
women to define themselves through their socialti@hships relative to men who focus
more on their independent achievements (Cross &liadl997). Saliva flow is currently
understood to be regulated through the ANS (Gartég7), with parasympathetic
dominance leading to increases in flow rate andpaghetic dominance linked with
decreases in flow rate. Consequently, it couldrgaed that female participants found the
experience of giving saliva samples in a publitisgtmore embarrassing or felt a minor
degree of stress relative to male participantss Thuld have led to the patterns evidenced in

the present study following temporary sympathetimmand.

In a bid to either confirm or dispute the abovguanent, it would seem wise to refer
to the patterns of response in reported stresegitiye or negative affect across the study
generally. However, these measurements were ngnaéekto assess the reaction to specific
events in the current study, such as the procegwiof a first sample for females who had
no prior experience, and as such were not ideddlgenl to capture such a response. For
example, while the third mood measurement mightideoan accurate baseline for this sub-

sample by being positioned just before the firbtvaasample, the fourth measurement of
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mood is not taken until just before the fourth &indl saliva sample, by which time any acute
effects would arguably have diminished. Therefoseems that the lack of change in the self
report data might not be reason to discard thepregation. However, supposing that females
who had not practiced the method did show varighit their flow rate owing to getting

used to the social situation, one might reasonaxect some fluctuations in sAA during this

period due to its current standing as a markesyorpathetic activity. Conversely, the results
document no significant change in SAA activity ecietion between samples 1-2 in this sub-
sample, which could provide a counter argumentittheory. Future research might seek to
address this issue through improved positionindpefmood measures to capture any subtle

or significant changes in state reflection.

The absence of any condition-dependent changesArmsecretion when condition-
dependent changes in flow rate were present swgaptite hypothesis. This is explained by
the fact that secretion rate (sometimes referres toutput) accounts for changes in flow rate
in its calculation and so is often considered iditoh to measures of SAA activity.

However, the absence of a change in sAA activitg dsect result of changes in flow rate
completely opposes the experimental hypothesis;iwivas based on findings from Study 1.
Indeed, the findings of the present study supporkvoy Rohleder, Wolf, Maldonado, and
Kirschbaum (2006), who posit that SAA activity iglependent of flow rate. It should be
noted, though, that the flow rate patterns of raspan the present study were found in a
sample consisting of just 10 participants, whigngicantly reduces the statistical power of
the analysis. Further research using larger sasipds of females and males is recommended
before drawing any firm conclusions regarding tationship between flow rate and sAA.
For the purpose of future research within the sgahis thesis, the inconclusive findings

should lead future studies including saliva samfest on the side of caution and include a
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sample dedicated purely to the purpose of pracfitie method of saliva donation, unless

published research or specialist advice recommetigswise.

In conclusion, the present study appeared to tineame interesting findings
suggesting that research using female participaight benefit from introducing a practice
sample as standard to provide reliable flow rata.daontrary to expectations and the
findings of Study 1, sAA activity was not founddppositely mirror changes in flow rate,
which could be taken to suggest either that theamandependent of each other or that the
flow rate data is indeed fallible due to its sns@inple size. As predicted, the opportunity to
practice did not influence variability in eitherrtieol or sAA secretion. This finding suggests
that the implementation of a practice sample asdsii@ would have no bearing on these two
measures specifically. Taken together, these fgsldo not completely clarify the utility of a
practice sample, with some data demonstratingetessity and some data suggesting it to be
an irrelevant factor. It therefore seems prudeat tinture studies contained within this thesis
should endeavour to incorporate a practice samaplstandard procedure for accurate and
reliable saliva collection. However, for applicatioutside of the scope of this thesis, more
research is needed to further address this isdighirof the small sub-sample within which

this pattern emerged.
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5.0 CHAPTER FIVE: STUDY THREE

Saliva collection techniques: Comparing passiveldnath collection via an oral swab
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The findings of Study 1 highlighted some practimahcerns relating to obtaining
accurate and reliable measures of saliva for teesssnent of biological markers of acute
stress. Specifically, the first two samples thatip@ants donated showed great variation in
terms of sample volume and analyte levels. Stueyfored these issues by investigating the
necessity of providing participants with an oppoityito practice the collection method
(passive drool) prior to collecting a baseline sEmBesults from Study 2 suggested a gender
bias, with samples from female participants shovewiglence intimating that a practice
sample would be beneficial. Alternatively, thistpat was absent in samples taken from
male participants. Prior to continuing with furtiveork aimed at establishing the link
between cognitive biases and the stress respongl; $ pursued an alternate line of interest
with the aim of producing a standard proceduresédiva collection for the remaining studies
within this thesis. Specifically, the present stadynpared two common methods of
collecting saliva; passive drool (as employed md&ts 1 and 2) and using a commercially

available absorbent insert, a Salimetrics Oral S@EBS; Salimetrics LLC, USA).

The SOS is a relatively new device for researchveith, manufacturers claiming it to
be an interference-free (for the majority of anaedytinert insert that produces a clear and
workable sample (Salimetrics, 2011). Whereas tlssipa drool method of saliva collection
requires participants to donate “whole” saliva.(het gland specific) directly into a tube, the
SOS insert is placed in the mouth and absorbsasplesent. For this reason, saliva collection
using an SOS enables researchers to target spglaifids known to release dense amounts of
certain analytes. For example, placement of thésadgacent to the parotid gland would be

advisable for targeting sAA.

The SOS additionally works as a filter, as the svehins the majority of the sample
debris meaning that sample expressed from the dwaibg centrifugation is clear and

workable. This permits smaller volumes to be wdisvith a greater degree of accuracy,
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resulting in fewer samples having to be discardech@ to low volume. In a practical sense,
this ability to artificially filter the saliva hake potential to dramatically improve the utility
of a sample when compared to saliva collected usiagpassive drool technique, which is
commonly cloudy or contains obvious debris, suchtdegm, prior to centrifugation. For
saliva collected through passive drool, the prooésentrifugation pellets sample debris at
the bottom of the tube leaving a clear workabledarat the top. This procedure successfully
produces a readily utilisable sample providingdhginal sample volume is sufficiently
large. Difficulties can be encountered when sampdegain only a small volume. This is
because there is a smaller range for error bettheealean and “dirty” divisions of the
sample, which increases the chance of encountpif&gting errors such as aspirating some
of the sample debris. Due to such reliability issymssive drool samples with particularly

small volumes are often discarded.

The arguments above imply that collecting saliviagia SOS provides a sample of
superior functional quality relative to using thespive drool method. Further, saliva donation
using an absorbent swab has been shown to be giskfédrom a participant’s perspective
over being told to ‘drool’ or ‘spit’ into a tube ff@zdins et al., 2005). However, it is far
costlier to use and some researchers maintainoceuteservations about its use owing to
past errors. For example, a similar aid to the &C#cotton swab commonly referred to as a
Salivette (Sarstedt, Germany). The Salivette has beed by many researchers to collect
saliva to quantify levels of cortisol amongst othemarkers. Only relatively recently,
research has provided evidence suggesting thate®ab directly interfere with the sample to
produce a biased result (e.g. Bristow, Cook, Edsja&Veerapen, in prep). Essentially, the
post-centrifugation workable sample has been fdarxk slightly altered compared to the
original sample that was collected from the pgrat’'s mouth, insinuating that the swab

somehow interferes with certain analytes. Theesvidence to suggest that this suspicion
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emerged some time ago. For example, Aufricht €tL8B2) observed a reduction in the
recovery of a salivary immune marker, Immunoglaoma#i (IgA), following the use of
Salivettes relative to using the spitting methodifh is a form of passive drool in which
participants are required to rapidly expectoratespit, samples into a tube). Regarding other
analytes, it appears this bias was either not sacdspresent or, more ominously, less
predictable. For example, Shirtcliff, Granger, Sahw, and Curran (2001) collected saliva
samples from participants using the passive drathod. The sample was then divided, with
half passed through a Salivette and half left esrdrol sample. While the results showed
evidence of a Salivette-induced interference inmlmer of analytes, including testosterone,
IgA, and progesterone, they concluded that cortssd unaffected by the collection method.
However, Strazdins et al. opposed this conclusiofinaling significantly reduced levels of
cortisol concentration following the use of Saltestas a collection device compared to
passive drool. Again focusing on the measuremetgAfBristow et al. present four
experiments demonstrating a severe and unsystehiasicaused by Salivettes which further
posit that the bias seems to be proportional tavttheéme of the sample, with smaller

volumes leading to greater errors.

An additional key concern regarding the use of $®&llect saliva relates to
whether or not the insert stimulates saliva flotan8ard guidelines for the previously used
Salivettes recommended that participants chew eswab during saliva collection. This
process would artificially stimulate saliva flow byimicking gustatory movements of the
jaw (Humphrey & Williamson, 2001), which would tgailly result in an increase in saliva
flow from the glands that are most involved in thgestive process; the parotid glands in the
cheek. Indeed, Humphrey and Williamson found thatrelative contribution from the
parotid gland to overall saliva composition incexhfrom approximately 20% under resting

or unstimulated conditions to over 50% followingratlation in this manner. As previously
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discussed (see Study 2), the debate concerningssitdépendence to saliva flow has yet to
be concluded, though Rohleder, Wolf, Maldonado, kkimschbaum (2006) claim that sAA is
independent of flow rate. However, as it is prityaan enzyme involved in the breakdown of
food (Schenkels, Veerman, & Nieuw Amerongen, 198BA is synthesised in the acinar
cells of the parotid gland. Therefore, specifiavatton of this gland (e.g. through chewing a
swab) would arguably lead to a large increasearsttretion of SAA. For this reason, Bosch,
Veerman, de Geus, and Proctor (2011), oral bidlsgstiggest that the collection saliva with
the aid of swabs for the measurement of such asmigtinadvisable due to the sample being
unrepresentative of the whole picture and, henassiply invalid. However, Salimetrics
(2011) disagree and claim that reliable levels/A san be collected (in addition to other
analytes) using the SOS providing the swab is placel held under the tongue. This would
target absorption of saliva secreted more fronstii#ingual major salivary gland, which
would arguably be less subject to this digestias bAdditionally, by keeping the jaw still
during the collection, Salimetrics claim that tre¥qaid glands should not be artificially

activated therefore avoiding the bias that Bosdl.efuggest.

The present study aims to devise a standard methemliva collection for use in the
remaining studies within this thesis. To achievs,ttamples collected using the passive
drool technique will be compared with samples abéd with the aid of the SOS in terms of
flow rate, cortisol concentration, and sAA activitygd secretion. In consideration of the
findings from Study 2 regarding the need for a ppcacsample, participants will practice both
methods before giving one respective sample pelnadetVhen giving a saliva sample using
the SOS, participants will place the swab under tbeague and keep it there for two
minutes, which is the advised time to prevent thalsfrom becoming entirely saturated with
saliva as this would make any saliva flow calcalatfand, subsequently, SAA secretion

calculation) inaccurate. As the present study domsample the same type of saliva (i.e.
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unstimulated), it is hypothesised that (1) theri lva no difference (and no influence by
gender) between the two methods of saliva collaatio saliva flow, cortisol concentration,
or SAA activity or secretion. Further, and for g@me reasons, it is hypothesised that (2)
significant positive correlations will emerge beemehe two methods for each of the

physiological dependent variables listed above.
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5.1 Method

5.1.1 Design

The study was a 2 x 2 x 2 mixed factorial desigith waliva collection method (SOS
or polypropylene cryovial) as a within participafastor and order of method (i.e. which
technique was used first) and gender (male or fenaa between participants factors (see
Figure 9). Participants were given a practice sarfgrl each method and were required to
give one sample using each method. Mood was mehatithree time points throughout the
study and psychological trait measures were assesg® to monitor potential influences
and confounds. The dependent variables from tHesozeasuring state well-being were self
reported stress, positive and negative affectpopin, happiness, distress, and tension. From
the saliva samples, the dependent variables wanerfite, cortisol concentration, and sAA

activity and secretion rate.

5.1.2 Participants

Sixty four volunteers (35 females, 24 males ana$peacified) aged 18-59 years were
recruited from an undergraduate and staff populadicAnglia Ruskin University,
Cambridge, via an email advertisement and posisptayed across the campus. The order
by which participants used each method to givengpgawas determined by which session
they took part in. Participants booked into sesstmased on their availability, with each

session alternating which technique was used first.
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5.1.3 Materials

Saliva collection.Saliva was collected using an absorbent SOS omityovial via

passive drool. Details on saliva analysis procedarebe found in Chapter two.

SOS collection. Each participant had one opportunity to practice thien gave one
sample using a SOS (Salimetrics LLC, US). The SO84dde from an inert food grade
material, and so is safe if oral consumption weredcur. Participants were told to clear their
mouths by swallowing before placing the swab urtdertongue for a period of precisely two
minutes (timed). Following this, swabs were plac#d a storage tube and stored at -80°C

until analysis.

Cryovial collection. Each participant had one opportunity to practice thien gave
one sample using a passive drool technique intg@@l tube (Greiner Bio-One Ltd, UK).
Participants were told to clear their mouths bylkwang before sitting with their head tilted
forwards to allow any saliva in the mouth to paotlee front for a period of precisely 90
seconds (timed). Following this, participants wesgructed to deposit pooled saliva into a
cryovial tube with the aid of a piece of straw. process was repeated using the same tube
and straw piece to produce one sample. The piesga was then discarded while the

cryovial was stored at -80°C until analysis.

Psychological measuresviood measures. Participants completed a series of state
guestionnaires three times throughout the study $edies 1 and 2 for more details on each
of these scales): upon entry (baseline), and fatigweach of the two (non-practice) saliva
samples. The questionnaires included the Stresssatc@hecklist (SACL; Mackay, Cox,
Burrows, & Lazzerini, 1978), Positive and NegatiMéect Scale (PANAS; Watson, Clark, &
Tellegen, 1988), and four VAS with terminals labdillepressedo happy, pessimistio

optimistic, distressetb not distressecandtenseto relaxed.
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Character measures. Participants additionally completed a questionnpaek
containing questions related to health behaviogy. @mount of alcohol consumed over the
previous week), compliance with instructions givelating to the hours leading up to the
study session (e.g. time last ate/drank/smoke)Gereeral Health Questionnaire (GHQ-28;
Goldberg, 1972; Goldberg & Williams, 1988), Peregi\&tress Scale (PSS-10; Cohen,
Kamarck, & Mermelstein, 1983), Interpersonal Supmaluation List (ISEL; Cohen &
Hoberman, 1983), a personality inventory (Goldbeargl., 2006), and the Depression
Anxiety Stress Scale (DASS; Lovibond & Lovibond959). Details of all of these

guestionnaires are outlined in Study 1.

5.1.4 Procedure

The study was approved by Anglia Ruskin Universitgesearch Ethics
Subcommittee. Participants were asked to refraimfeating, drinking (other than water),
and smoking for 30 minutes prior to the study, smdbstain from undertaking vigorous
exercise for 90 minutes prior to the start. Aftetirgg written informed consent, participants
completed a set of the mood measures. Participaares then given instructions detailing one
method of giving a saliva sample (either using &3@ab or via passive drooling into a
cryovial). Participants practiced the proceduredioe of the techniques before receiving a
drink of mineral water to clear their mouth of agbris. Participants then waited 10 minutes
to enable the salivary glands to normalise durihgctvthey started to complete the character
guestionnaire pack. After 10 minutes had elapsadigpants gave one saliva sample using
the method previously practiced. Following thisitiggpants completed a second set of mood
measures. Participants then repeated the abovedun@cusing the remaining method of
saliva sampling (either using a SOS swab or vigigagirooling into a cryovial).

Specifically, participants received instructionstba technique before having a practice

sample. They then were issued with a drink of bdtthineral water, before waiting 10
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minutes (working again on the questionnaire paekjticipants then gave a second saliva
sample, using the second technique. Participamplsted a third and final set of mood

measures before being thanked and paid £5 for efffeit and time.

5.1.5 Data Analysis Plan

Data was explored prior to analyses to ensureitthre assumptions of parametric
testing. Participant characteristics from the tgai¢stionnaires were compared between
groups to determine whether successful randomisatol occurred. Data from the state
guestionnaires was investigated to monitor chaimge®od over the study. Repeated
measures ANOVAs with time as a within-subjectsdagiere used to test the first
hypothesis. In light of the findings from Study2deothers suggesting gender to be a
potentially confounding variable in salivary biorkar analyses (e.g. van Stegeren, Wolf, &
Kindt, 2008) gender was entered along with condi{the order of collection technique) as
between-subjects variables. Main effects of tealmmiare reported and explored. For ease of
clarity, gender and condition (order) main effetgshnique x condition, technique x gender,
and condition x gender interactions, and three-{t@ghnique x condition x gender)
interactions are largely not reported unless sicguit or relevant to the point of note. Where
appropriate, pairetitests were conducted to investigate a priori gt{oc rationalisations.
Hypothesis two was investigated using bivariateedations to investigate the relationships

between the two methods.
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5.2 Results
5.2.1 Data Exploration

Three participants’ data were removed and excldiced all analysis on the basis of
being largely incomplete. All variables were explbto check they conformed to the
assumptions of parametric testing. All physiologiciables (flow rate, cortisol
concentration, and sAA activity and secretion) wergtransformed to achieve normal
distribution. All analyses were conducted usinggled) data, however descriptive and
graphical representation of the means and meastivesiation are presented using unlogged

data.
5.2.2 Participant Characteristics

There was no significant difference between thelmemof males and females
assigned to each order condition (which technibeg tised firsty® (1, N = 59) = .73p =
.39. Univariate ANOVAs were carried out on partanips characteristic data (see Table 9). A
main effect of gender was found for the DASS steegsscalel-(1, 38) = 4.70p = .O4,np2:
.11, and the personality variables extroversk{i, 42) = 5.63p = .02,np2: .12, and
conscientiousnesg(1, 42) =9.01p < .Ol,npzz .18. Females scored significantly higher on
the conscientiousnesll(= 37.00,SD= 6.40) and DASS streshi(= 14.76,SD= 8.94) scales
relative to males (conscientiousn®éés 31.18,SD= 5.07; DASS stredsl = 9.54,SD=
6.98). Alternatively, males were significantly maerovert M = 37.71,SD= 8.42) than
females ¥ = 30.97,SD= 7.00). A significant main effect of order of textpue (condition)
was found for the personality subscales extroversi@l, 42) = 4.40p = .O4,np2: .10, and
intellect,F(1, 42) = 4.05p = .O5,np2: .09. As a group, participants who used the ciglovi

method to give saliva first scored significantlglmer on both scales (extroversidn= 35.75,
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SD=9.40; intellecM = 44.08,SD= 6.33) relative to those who used the SOS metinsd f

(extroversiorM = 30.95,SD= 5.76; intellecM = 40.68,SD= 6.20).

Table 9

Descriptive data of participant trait charactericsi

Main effect
Scale Characteristic N Overall (all ~ Order of Gender Condition
participants) technique x Gender
(condition) interaction

Mean SD pvalue pvalue pvalue

GHQ-28 Distress 59 20.15 10.36 .62 .39 .67

PSS-10 Stress 53 24.47 6.70 19 45 .70

ISEL Interpersonal 56 82.63 19.73 .61 42 .52
support

DASS Depression 42 7.67 8.78 14 40 .25
Anxiety 42 6.95 575 .95 .81 .98
Stress 42 13.14 8.65 A3 .04 .66

Personality Extroversion 46 33.46 8.16 .04 .02 A1
Agreeableness 47 39.21 4.91 .79 31 A1
Conscientiousness46 34.85 6.53 .79 .005 .99
Emotional 44 28.30 6.44 .95 41 A7
stability
Intellect 46 42.46 6.43 .05 12 15

Note: GHQ = General Health Questionnaire; PSS = Percedeabs Scale; ISEL =

Interpersonal Support Evaluation Checklist; DASBepression Anxiety Stress Scale.
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5.2.3 Changes in Mood

A 3 (time point) x 2 (order) x 2 (gender) repeateeasures ANOVA was run
individually on reported stress (SACL), positivéeat, negative affect (PANAS), and the
four visual analogue scale measures (optimism,ihapg, distress, and tension). A
significant main effect of time was identified fressfF(1.40, 77.15) = 5.4 = .Ol,npzz
.09 (Greenhouse-Geisser corrected), optimisfa, 102) = 4.14p = .02,np2: .08, and
happinessi-(1.58, 80.41) = 5.4§) = .Ol,npzz .10. Further investigations of these main
effects revealed a significant decrease in repatesss between the first two measut))
= 3.07,p=.003,d = .27 (Bonferroni corrected = .0167) from an average reporting of 5.03
(SD=4.75) to 3.70%D= 4.94). There was no significant change in repbsteess between
the final two measuref60) = .13,p = .90,d = .01. For optimism, there was no significant
change between measures 1 §27) = -.47,p = .64,d = .04, or 2 — 3t(56) = -2.25p = .03,

d = .15, but revealed an overall significant increiaseported optimism between measures 1
- 3,1(56) =-2.71p < .01,d = .21, from an average reporting of 6.%¥D(= 2.20) to 7.413D

= 2.31). Similarly, for happiness ratings, the@swo change between the measures 1 — 2,
t(57) =-2.11p=.04,d= .13, or 2 — 3{(56) =-1.84p = .07,d = .12, but an overall

significant increase over the study period as &sicexd by the significant increase from
measure 1 — 3(56) =-2.98p <.01,d = .27, from an average reporting of 6.8DE 2.40)

to 7.51 6D = 2.18).

While no significant main effects of time emerged positive or negative affect (both
F values < 1), a significant main effect of gendes\icund for positive affecE(1, 46) =
459,p< .05,np2: .09, and a trend effect found for negative affe¢t, 44) = 3.39p = .07,
npzz .07. Males patrticipants reported higher posiéffect M = 31.62,SD= 8.18) and

negative affectNl = 15.30,SD= 5.95) relative to female participants (positivieet M =
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26.25,SD=9.71; negative affedfl = 12.85,SD= 3.98). No significant main effects or

interactions were present in the VAS distress ositeh scales.
5.2.4 Hypothesis One

Flow rate. A 2 (collection method) x 2 (order) x 2 (gendepeated measures
ANOVA revealed no significant main effect of colfiemn methodf(1, 55) =.07p = .79,1]p2

=.001. A significant collection method x gendetenaction was identified;(1, 55) = 4.46p

.O4,np2: .08 (see Figure 10). To investigate this inteoactrepeated measures ANOVASs
were run on male and female data separately, esihection method as a within subjects
factor. No significant main effect of collectiorctenique was found for female participants,
F(1, 34) = 1.98p = .17,1,°= .06, or male participants(1, 23) = 2.31p = .14,n,"= .09.
Univariate ANOVAs were also conducted on flow rdéga from SOS and cryovial methods
separately with gender as a between subjects fadtosignificant main effect of gender was
found for flow rate collected either through S®§L, 57) = 1.32p = .26,np2: .02, or

cryovial,F(1, 57) = 1.51p = .22,np2: .03, techniques.
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Cortisol. A 2 (collection method) x 2 (order) x 2 (gendepeated measures
ANOVA revealed a significant main effect of collieect method on cortisok(1, 53) = 8.71,
p= .005,np2: .14. Cortisol concentration was found to be digantly higher when saliva
was collected via SOS inseM = .24ug/dl,SD = .42) relative to when collected into a
cryovial M = .16ug/dl,SD=.11). A significant main effect of gender wascaldentified,
F(1,53)=12.49% = .001,np2: .19, with males producing more cortisM € .29ug/dI.SD=

.37) relative to femaled = .13ug/dI,SD=.08).

Alpha amylase.A 2 (collection method) x 2 (order) x 2 (gendepeated measures
ANOVA was conducted on sAA activity and secreti@tadseparately. No significant main
effects of technique or order, technique x ordezhhique x gender, order x gender
interactions, or three-way interactions were fo(altp values > .12). No main effect of
gender was found for sAA activitif(1, 47) = .94p = .34,np2: .02, though a trend main
effect of gender was found for sAA secretion r&id, 47) = 3.04p = .09,np2: .06, with

males showing a slightly higher rate of secretiative to females.
5.2.5 Hypothesis Two

Flow rate. A Pearson’s correlation revealed a significant fpgesirelationship
between flow rate when measured by passive drabflaw rate when measured by SOS,

r(61) =.29p = .03.

Cortisol. A significant positive relationship was found beémecortisol concentration
measured through passive drool and cortisol coratiorh measured through SOQ%9) =

.78,p < .001.

Alpha amylase.Person’s correlation identified significant posttikelationships

between the two collection methods in terms of lwathcentrationr;(53) = .83,p < .001, and
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secretiony(53) = .70,p < .001. Further, a significant positive relationshias observed
between concentration and secretion data for hgthvaal, r(55) = .89,p < .001, and SOS,

r(53) = .90,p < .001, methods.

General. While significant positive relationships were idéet between the two
collection techniques for the measures noted alibee;orrelation coefficients differed

significantly between flow rate and the salivargroarkers (see Table 10).

Table 10

Correlation coefficients for measures assayed tghosamples collected via passive drool or

SOS techniques
SAA
Cortisol Concentration Secretion
Flow rate z=404p=.001 z=457p<.001 z=293p<.01
Cortisol =-64, p=.52 z=.98,p=.33
SAA activity z=158p=.11
Summary

Participants reported no change in their posibiveegative affect, distress, or tension
across the study, whilst a decrease in state str@ssdentified from the beginning to the
middle of the study alongside a general increas@ppiness and optimism. The technique
used to collect saliva did not appear to signifigaaffect measurements of SAA activity or
secretion, whilst higher levels of cortisol concahbn were found when participants

collected saliva using the SOS insert relativesiogia cryovial. Males were found to report
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significantly higher levels of affect (both poseiand negative) and were shown to release
significantly higher amounts of cortisol and seergightly (trend) more sAA. Significant
positive correlations were identified for all oktkalivary biomarkers when investigating the
relationships between the two collection methaddsyghz scores indicated that the
correlations for flow rate were significantly difent from correlations for cortisol or sAA

(activity or secretion).
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5.3 Discussion

The finding of no significant main effect of colteamn method in addition to
significantly positive correlations between the ti@ohniques for both sAA activity and
secretion support the study’s two hypotheses. Fadealso showed no significant main
effect of collection method. However, a significgender x collection method interaction
emerged for flow rate. Further investigation faitectlarify this interaction. Regardless of
this, a significant positive relationship was idged for flow rate when examining the
relationship between the two methods, thus suppphypothesis two. In contrast to
hypothesis one, a significant main effect of teghrirevealed a significantly higher level of
cortisol concentration in samples collected usi@fSelative to passive drool samples.
However, a significant positive relationship stitherged for cortisol concentration between

the two techniques.

Using a male sample, Rohleder, Wolf, Maldonado, kinschbaum (2006) reported a
significantly higher volume of saliva being colledtusing the passive drool method
compared to using SOS. Perhaps, then, the findiags@nificant interaction between
collection method and gender on flow rate shouldb@ocompletely unexpected. Indeed, this
interpretation would support the graphical représtgon of the interaction (Figure 10), which
shows that males produce higher volumes of sabuaguthe cryovial relative to the SOS.
However, comprehensive further investigation shothed neither the gender (i.e. cryovial
vs. SOS comparison for either male or female pgperds) nor technique (i.e. female vs.
male comparison for either cryovial or SOS) comgrariwas independently significant.
Therefore, it is suggested that the significargriattion emerged only when all data is
considered together due to opposite but very spgkterns of response. It is suggested, also,
that the significant interaction might also accolantthe weaker relationship between the two

techniques for flow rate € .29) compared to the rest of the comparativeetations
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(cortisol:r = 78; sAA activity:r = .83; sAA secretion = .70) and, consequently, for the
significantly different correlation coefficientstiaeeen flow rate compared with other

biomarkers.

It is interesting that, while a significant inteti@an between gender and collection
method on flow rate emerged, no such variabilitg Waaund in the sAA activity data. This
can potentially be considered to provide inadvérseipport for Rohleder et al.’s (2006)
proposition that sAA is independent to flow rafgproved to be accurate, such an inference
would serve to quell the concerns of Bosch, VeerrdarGeus, and Proctor (2011) regarding
the stimulation of flow rate when collecting salwsing absorbent swabs. However, it must
again be noted that the origin of the significaméraction in the flow rate data was not
successfully isolated; therefore at this stage soclecture must be drawn with caution. For
this reason, and until there is further clarifioaton the matter, future research should
continue to include efforts to collect unstimulasadiva and monitor interference by flow

rate.

Since the debate regarding the relationship betwéénand flow rate seems far from
settled, it is unsurprising that studies tend tbtopeport the output (secretion) measure. In
the current study, a highly significant correlatiwas found between sAA activity and
secretion for each of the collection methods (ciglav=.89; SOS = .90). For both these
reasons, future studies within this thesis williesolely on the secretion measure and omit
reporting details relating to flow rate and sAAiaity unless preliminary investigations

unearth particularly interesting or contradictoegults.

The finding that cortisol concentration is sigcétly higher in saliva collected
through SOS compared to saliva collected with @ssive drool method is unanticipated.

Prior research investigating the influence of aaoswab (Salivette or a dental roll) found
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cortisol to be one of the few analytes unaffecteddilection method (Shirtcliff, Granger,
Schwartz, & Curran, 2001). However, the strong fpasrelationship between cortisol
assessed through the two collection methods.{8) suggests that both methods should be
reliable in ascertaining individual responses ¢o,eixample, a stressful procedure assuming
the collection method remains constant throughtoeistudy. Cortisol enters the saliva from
the bloodstream by diffusing through the cellulamtbranes rather than being released into
the saliva through the salivary glands, like sAAnixg, McGinley, & Symons, 1983). By
being positioned under the tongue, as recommengéaelbmanufacturer to be the prime
location for the collection of salivary cortisdhere is maximum contact with areas of cellular
membrane within the mouth so perhaps it seemsdbtiiat cortisol concentration is higher

using this method relative to when ‘whole’ saligacollected through passive drool.

In sum, it seems that the use of SOS to collditashas little to no interference on
physiological biomarkers of the stress responsivel to the more established passive drool.
Salimetrics (2011) claim their product to be theéustry standard in saliva collection. Here,
we have found that cortisol is found at greateelewhen measured in saliva that was taken
using SOS relative to passive drool though theng@tiereasons, largely relating to
positioning of the swab in the mouth, have beeoutised. Of practical significance, samples
that have been expressed from SOS tend to be nasadr €0 work with relative to passively
drooled saliva. Further, expressed samples colgssnmucins, which can make saliva
stringy and appear tacky. As mentioned earlies, tiethod does also enable a far more
optimised utility based on sample volume, whichligays going to be a significant attraction
for researchers. For these reasons future stutikgded in this research will aim to collect
saliva with the aid of SOS rather than through pasdrool. As there is no research
investigating whether this method requires a pcactiample, and to prevent straying too

much from the thesis’ primary research questiotuyrtustudies in this thesis will always give
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participants a practice sample prior to the calbecof any baseline saliva. The main reason
for this is due to the argument presented in SRjdyhich claimed that practice effects might
be caused by social embarrassment rather thandbepleting the process incorrectly,

therefore the same argument might hold true witls $Gllection.
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6.0 CHAPTER SIX: STUDY FOUR

The OCam study: An investigation into the predietoapacity for natural cognitive biases to

determine psychophysiological reactions to an ostmna stressor
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Incorporating the findings from Studies 1-3, thisdy aims to further address one of
the main areas of investigation of this thesiskiog at the influence of naturally occurring
cognitive biases on the psychophysiological stresgonse. Study 1 aimed to elicit a
physiological stress response to a social rejed¢sibaratory stressor based on a previous
study that had successfully utilised the task (Btact, Eckel, & Tice, 2007). However,
cortisol was found to decrease in response to ls@gextion, and sAA activity was found to
decrease following both social rejection and th@apgarison condition, social inclusion. It
was argued that the sAA patterns of response rbighinreliable owing to an opposite
response being found in flow rate and an absenaeythange in sAA secretion. The
limited literature generally suggests that SAA\attiis independent of flow rate (Rohleder,
Wolf, Maldonado, & Kirschbaum, 2006). However, freterns of response (i.e. SAA
activity and flow rate) made it difficult to distgnish what effects were due to the social

manipulation and what were due to limitations asged with collection methods.

As this research is using saliva samples as theimaex of physiological responses
to laboratory stressors and cognitive bias, itearty of high importance that samples are of
a reliable nature. For this reason, Studies 2 aexpBred some basic principles surrounding
the process of collecting saliva samples in re$esiuedies; whether research protocols
should stipulate that participants practice thehmetof saliva donation prior to providing a
baseline sample (Study 2), and which of two commaskd collection methods seemed to
relay the most reliable and readily utilised san{Sieidy 3). Results from Study 2 were
inconclusive, with some interesting patterns opogse suggesting that research that
employs female participants specifically might i@rfeom providing a practice sample.
Study 3 demonstrated that giving a sample eithreutih a passive drool method or with the
aid of an absorbent swab (Salimetrics Oral Swaddgl\similar results. Although cortisol was

found in greater amounts in SOS samples, this h@sght to be due to the location of the
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swab within the mouth being more optimal for absiorpof cortisol-rich saliva. In spite of
this difference, significant correlations werelstlund between the two methods for cortisol
concentration and sAA activity and secretion. Fertlall SAA activity was found to have a
highly significant relationship with sAA secretiorhich led to the decision to focus only on

output (or secretion) data for future analysis.

In contrast to the findings of Study 1, Zadro, Vdiths, and Richardson’s (2004) work
into social rejection suggests that the mere iradion of rejection should be sufficient in
producing a powerful emotional response. In linthweiarly theories (e.g. Kune, 1992), such
intimations do seem to suggest that people havelsow become evolved to be sensitively
attuned to the prospect of social rejection. Witiga(1997, 2001) and Williams and Zadro
(2005) proposed a need-threat model of socialtiejeor ostracism that focused on the
fulfilment of four basic needs; the senses of bgilog, feeling in control, maintaining self-
esteem, and satisfaction of having a meaningfidtemce. When these needs are threatened
in a short-term manner, Williams proposed thatvrtlials tend to change their behaviour in
a direct effort to restore fulfilment. For examplilliams and Sommer (1997) found that
acute rejection led to female participants workiagder on ensuing group tasks relative to
participants who did not experience rejection. ilgively, Williams, Cheung, and Choi
(2000) noted that rejected participants became msdve to group judgements that were
deemed incorrect. Both these findings can be intéed as reasonable prosocial attempts to
gain favourable evaluation in an attempt to relersatisfaction of the threatened needs.
Again, this appears to suggest that, in spite @fféiied efforts of Study 1, the area of social
exclusion does appear to still show great potefdrahcting as a stressor, as people seem

responsive to it (when successfully implied).

In a review of the recent literature on social cagn, Williams (2007) noted the

tendency for researchers to refer to the concdptgexction, exclusion, and ostracism
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interchangeably. While no attempts have been n@adepirically compare the differences
between how these concepts affect an individua,possible to partially separate them
based on their methods of induction. For examplidljams speculated that ostracism is more
of an implicit notion whereby actions and behavimdier intentions, with the impression of
ostracism often developing over time rather thandgan immediately obvious entity. An
example of a popular laboratory ostracism paradgythe participation in a computer game,
Cyberball (Williams et al., 2000), during which peipants are informed they are playing
with either two computer or two human players. iegrants are told to randomly throw and
catch a virtual ball between their group. Ostratigarticipants are passed the ball very few
times after which they are virtually ignored by tieenaining “participants”. The aim of this
action is to induce feelings of being ‘left out'eavthough no person has specifically declared
any preference away from them. Alternatively, Vdiths claimed social rejection and
exclusion refer to situations of isolation followgian interaction. While social rejection is
thought to occur following explicit information theommunicates intentions to exclude
someone, social exclusion does not necessarilgpwidiilom these explicit declarations
(Twenge, Baumeister, Tice, & Stucke, 2001). Fomepla, social rejection might refer to a
group of friends telling a person they are nottedito a social occasion. Alternatively, social

exclusion would refer to the excluded person sinmalybeing informed of the event.

According to Williams’ (2007) classification, Blalcart et al.’s (2007) task (and the
task used in Study 1) used a social rejection pgmacduring which participants received
feedback following a ‘get-acquainted’ session #yacifically stated that no other participant
wanted to work with them on an upcoming task. Whiéh could occur during everyday life,
for example by being turned down for a job (sowégction) or being ignored by a loved one
following an argument (ostracism), it seems thatdences of ostracism might generally be

more personal (e.g. giving a loved one the “sitezdtment”). Further, ostracism is argued to
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occur in a more public setting relative to exclasamd rejection. Therefore, in consideration
of the recommendations made in Study 1 regardiagéed for a more public feel to the
manipulation of stress, the current study will ged to adopt an ostracism paradigm to

induce stress.

Online ostracism paradigms, such as Cyberballggmso have successfully induced
the desired psychological response in severalesueig. Zoller, Maroof, Weik, & Deinzer,
2010; Williams et al., 2000; Zadro, Boland, & Riadtlson, 2006) and would arguably present
more of a public feel to the social manipulatiomwéver, the task still relies heavily on the
perception of ostracism through either feedbadkebehaviour of an inanimate object that
participants are told is being controlled via aeothberson. In consideration of the difficulty
in finding a task considered to be stressful endogtlicit a cortisol response (e.g. Dickerson
& Kemeny, 2004), it seems prudent to ensure tHeuasd in the present study is both as

believable and effective as possible.

Several studies have used a more public settingltece ostracism through the use of
confederates who act as participants and proceeskitacise the real participant in much the
same way as in the online environments (e.g. Str8atbvey, & Epel, 2002). Such an
arrangement does serve to create a highly ecolbgiadid environment and one that is
more readily credible. However the use of confeidsres not without its shortcomings,
primarily requiring a lot of time and effort (andomey to compensate confederate’s time) but

also reducing the degree of control over keepirmi experience the same.

Recent work by Goodacre and Zadro (2010) has sdagitercome the inadequacies
mentioned above and combine the advantages otstrédy using “real” people while
maintaining the control that standardised tasksroffhis has been achieved through the

development of a simulated online web chat taskrevparticipants think they are talking in
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real time but are actually talking to pre-recordateos of two confederate participants and a
confederate researcher acting in a certain was tHsk, termed the Ostracism-Camera
(OCam), manages to capture both the face-to-facplaxities that typical online tasks
neglect whilst exposing participants to a moreat#é and controlled task. The task begins by
the (real) researcher using an artificial connecpiage to appear to link in to the web
conference, which serves to create the illusiorealtime interaction. Based on specifically
rehearsed timings, the (real) researcher thereseaiscript to appear to be involved in a
dialogue with the other (pre-recorded) researdh@rexample, the researchers appear to
discuss the volume of the conference and, seemarghgquest, the (pre-recorded)
participants change their positions slightly. Thea( and pre-recorded) participants are then
instructed that each will deliver a two minute @ega speech relating to light and positive
topics, such as hobbies. Each of the pre-recordefitderates present a talk followed by the
real participant. Three variants of the video exidtich differ only in their apparent reaction
to the (real) participant’s presentation. In onesian, a neutral video, confederate
participants appear to sit politely but do not tea@ny overly positive or negative manner.
An alternate, social ostracism, video featuresctidederate participants appear to disengage
during the (real) participant’s speech and chatragabthemselves, seeming to completely
ignore the participant. The third version is ainb@aards social inclusion, during which the
confederate participants display positive behayisuch as nodding, smiling, and leaning in

towards the camera during the (real) participaspsech.

As the original task was developed in Australia¢@acre & Zadro, 2010), an
English version based on the same scripts was ageeland tested at the Cognition and
Brain Sciences Unit, Cambridge, by Drs. Dunn anodBeck. This version was used in the
present study and is slightly adapted from the valisin original following a pilot study

revealing English audiences to be largely doulafuhe original videos’ authenticity. The
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actor’'s responses were considered a little thestaicd so facial expressions and social cues
were toned down slightly. For example, in the oraiostracism video, at the turn of the
genuine participant to present a pre-prepared bBpdae confederate participants
immediately disengaged and started a conversagtwelen themselves. In the modified
version, the confederate participants appearedyspme attention for 30 seconds before
appearing to disengage from the speech. Criticalhyle the behaviour of the confederates
was changed to appear more believable, the matipul@mained as effective as it had been

with an Australian audience.

In contrast to Goodacre and Zadro’s (2010) origatadly, which categorised
participants into either an ostracism or inclusiooup after which participants took part in
only one staged conference, the present studyreztjparticipants to take part in two staged
conferences; a neutral conference followed by edheanclusion or ostracism conference.
This modification to the original procedure was mauconsideration of the stressful nature
of presenting in front of a group. Indeed, thisetyys task is often used in isolation as a form
of stressor (e.g. the TSST; Kirschbaum, Pirke, 8itdenmer, 1993). Through this
amendment, it was hoped that the stress induceddigl ostracism could be determined

over and above the stress induced merely by pliegeamspeech in front of an audience.

Study 1 set out to establish a stressor paradiginatths capable of eliciting reliable
physiological responses. This was thought to becassary measure prior to introducing a
measure of bias to investigate the relationshithé&ur However, evidence has recently
surfaced that suggests this might not be the optime#éhod of pursuing such an investigation.
Fox, Cahill, and Zougkou (2010) showed how an imtlial’s natural attentional bias was
influential in their subsequent response to a streask. Specifically, individuals with a
more negative attentional bias were found to beemnsasceptible to suffering the ill-effects of

stress, such as anxiety. Moreover, the predictoveep of these biases was found to provide a
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better indication than more typically consideredkess, such as trait anxiety or neuroticism
(Fox et al., 2010). With these findings in mindnare practical manner of investigating the
relationship between bias and psychophysiologialierability to stress seems to include a
measure of bias regardless of whether or not allelistress paradigm has been established.
Critically, Fox et al. further imply that failingptaccount for bias might create unexplained
noise in stress-response data. Applying theserfgedio Study 1 might provide a reasonable
explanation for the absence of any effects of tuoeas rejection task; noise in the data.
Alternatively, in consideration of the robust libktween anxiety and bias strength (for a
review, see Ouimet, Gawronski, & Dozois, 2009), eswhlling the fact that highly anxious
individuals were excluded from Study 1, it mightreasonable to assume that the sample
from Study 1 did not have a strong negative bikeréfore, it is possible that the participant

sample was somewhat resilient to the effects abtogjection.

A range of studies have demonstrated that cogriia® does appear to afford some
degree of stress resilience. These studies teaddpt one of two designs; (1) mapping
natural bias to prospective reactions to stressfahts (e.g. Pury, 2002; MacLeod & Hagan,
1992; van den Hout, Tenny, Huygens, MerckelbacKj&t, 1995), or (2) manipulating bias
through CBM techniques and measuring subsequembmess to stressors (e.g. See,
MacLeod, & Bridle, 2009; Wilson, MacLeod, MathewsRtherford, 2006). Whilst
promising, the literature to date has heavily teb@ measures of subjective self-report to
assess these influences. For this reason, it rexhalifficult to rule out the presence of
demand effects. However, with positive effects BMChaving recently been shown using
double-blind placebo-controlled studies (e.g. Aetial., 2009; Schmidt, Richey, Buckner, &
Timpano, 2009), these alternate attributions cart & be discarded. This is further
strengthened by studies that show the effects ysiggiological markers for stress (e.g.

Dandeneau, Baldwin, Baccus, Sakellaropoulo, & Pmes 2007; Fox et al., 2010). In
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acknowledgement of this, the present study includet$ of attentional and interpretive bias
prior to the OCam conferences. These measuresdesigned to assess the predictive
capacity of bias on emotional and physiologicattedy to stress in line with Fox et al.’s

work.

The overall objective of Study 4 is to induce adgical and psychological response
to stress using a social ostracism task, and medsercapacity for natural attentional and
interpretive cognitive biases to predict the magphét of physiological (primary aim) and
psychological (secondary aim) responses. It is thgsised that the process of being
ostracised (relative to social inclusion) will leida significantly higher reporting of feelings
of rejection and a significant reduction in thefifalent of primary needs. Group allocation
and bias measures are hypothesised to significarglyict changes in stress, positive and
negative affect, cortisol concentration, and sAéregon following OCam 2 (the socially
manipulative video). Specifically, participants engoing social ostracism are predicted to
show a significant psychological and physiologstaéss response (e.g. increased reporting
of stress, increases in cortisol). This responsgpethesised to be moderated by cognitive
bias, with stronger negative biases linked withrger stress response. Finally, this bias-
stress response relationship is only predictedtevadent in participants currently
undergoing stress, and is therefore predicted &ntiecly absent in participants assigned to

the social inclusion condition.
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6.1 Method

6.1.1 Design

This study adopted a regressional design. Intaveret attentional bias (within
subjects; continuous variable) was entered witlhugri®detween subjects; dichotomous
variable: ostracism, inclusion) to predict readyivh dependent variables. The dependent
variables were participants’ levels of cortisol centration, SAA secretion rate, reported
stress, reported positive affect, and reported thegaffect. Measures of social anxiety,
rejection sensitivity, trait depression and anxietyronic stress and distress, and personality
were also taken to assess potential confounditigenées on ostracism and stress

vulnerability (see Figure 11).

6.1.2 Participants

Staff and students from Anglia Ruskin Universityreveent details of the study via an
all-staff/student email system. Only female papteits were recruited in keeping with Study
1 on the basis that social stressors show evideinoeing more effective for females (e.g.
Stroud, Salovey, & Epel, 2002) and in light of fimgs from Study 2 that suggests differential
physiological patterns between male and femalegizeints. Those interested in taking part
contacted the researcher via email to receive dudetailed information. Ninety-one
participants aged between 18 and 48 yddrs 4.00,SD= 6.57) were chosen following
screening for high anxiety using the Spielbergeaiti&nxiety inventory (Spielberger,
Gorsuch, Lushene, Vagg, & Jacobs, 1983; cut ddDatAs a group, mean participant levels
of trait anxiety were 39.31SD = 9.01). All participants reported being fluentdnglish, as

specified by inclusion criteria.
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Saliva collection instructions and practice usif@SS

!

Trait questionnaire pack 1

!

(Sample and mood-based questionnaires 1)

}

Attentional and interpretive bias test 1]

!

(Sample and mood-based questionnaires 2)

OCam briefing and preparation time

Practice presentation

l

OCam 1 - neutral

’

(Sample and mood-based questionnaires 3)

— T

OCam 2 — social inclusion OCam 2 — social ostracism

N -

(Sample and mood-based questionnaires 4)

30 Attentional and interpretive bias test P
minutes l

Trait questionnaire pack 2

l

\ (Sample and mood-based questionnaires 5)

Figure 11.0verview of Study 4’s experimental design
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6.1.3 Materials

Psychological measureslrait questionnaire pack one. Participants completed the
Depression Anxiety Stress Scale (DASS; Lovibond&ibond, 1995b) and Positive and
Negative Affect Scale (PANAS-trait; Watson, ClagkTellegen, 1988). Further details of

these scales can be found in Studies 1 and 2 rtesgigc

Fear of Negative Evaluation Scale (FNE; Watson 8eRd, 1969)The FNE was
designed by Watson and Friend (1969) to measunmaitoagsymptoms of social anxiety. The
scale consists of 30 self-report items for whicHipigants indicate how characteristic each
item is of them on a forced choice (true/false)ddsxamples of items includé someone
is evaluating me | tend to expect the woratd“Other people’s opinions of me do not
bother me”.Scores on the FNE have been shown to correlalemtklalternate measures of
social anxiety, such as the Taylor Manifest Anxi®tale (TMAS; Taylor, 1953) (Watson &
Friend, 1969). Responses that indicate social anfgeg. Ido expect the worst of someone
who evaluates me, or implying that other peopl@mionsdo bother me) are summed to
produce a score out of 30. It has been suggest¢a@ tbcore lower than 12 indicates someone
low in social anxiety, and scores above 21 indibagé social anxiety (Watson & Friend,
1969). The authors also report good test-retesiiéty (.78-.94), and internal consistency

(0. = .94-.98).

Adult Rejection Sensitivity Questionnaire (A-RSQwey & Feldman, 1996).he
A-RSQ is composed of nine hypothetical interpereitaations that relate to significant
others, for which rejection remains a potentiacoute. For each scenario, participants are
required to rate on separate 6-point Likert sca)gsow much anxiety would be caused by
the situation and b) how likely they think the ation would resolve itself in rejection. For

example, a scenario might Héou ask your parents or other family members tmedo an
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occasion important to yoy'for which participants have to provide a ratingthe statements
“How concerned or anxious would you be over whatheot they would want to come?”
from 1 {very unconcerngdo 6 {ery concernex and”l would expect that they would want
to come”from 1 {very unlikely to 6 (very likely). Rejection sensitivity scores are calculated
by multiplying reported anxiety together with refsat rejection likelihood and then
averaging the nine outcomes. The scale demonstiatekinternal consistency € .86;
Berenson et al., 2009), good test-retest relighti= .83) and correlates well with the Social
Avoidance and Distress Scale (SADS; Watson & Frid®&9) ¢ =.41) and the Interpersonal

Sensitivity Scale (ISS; Boyce & Parker, 1989¥(.48) (Downey & Feldman, 1996).

State questionnaire pack. Each time participants gave a saliva sample theypteted
the Positive and Negative Affect Scale (PANAS-stéfatson, Clark, & Tellegen, 1988) and
the Stress Arousal Checklist (SACL; Mackay, CoxtrBws, & Lazzerini, 1978) as outlined
in Studies 1 and 2 respectively. As with previcesearch (e.g. Downey & Feldman, 1996),
five adjectives that depict emotions brought allpubdstracism were added in a random
fashion to the 20-item PANAS-state list. These wdigcouraged, unaccepted, rejected,
hurt, anddisliked.After both videos, at saliva sample time point$8 4, participants
additionally completed a 12-item scale designealsgess the impact of feelings of ostracism
on four primary need measures (feelings of belapgelf-esteem, meaningful existence, and
control; Williams et al., 2002). These items haeemused in previous studies investigating
social exclusion (e.g. Gonsalkorale & Williams, Z0Williams, Cheung, & Choi, 2000;

Zadro, Williams, & Richardson, 2004).

Trait questionnaire pack two. This pack included a questionnaire consisting of
demographic and health-related questions detaalgeg alcoholic consumption, time last
eaten/drank, recent ill-health, medication, and loealth. Five free-response questions were

also included in the pack designed to aid the cetay, which were: Mow easy did you feel
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it was to form new relationships in the web-chat®hat do you feel are the positives and
negatives about interacting online?'In your opinion, how does interacting online coang
to interacting face-to-face?™What were your impressions of the individualghe web-
chat?”, and“Do you think that the online nature of the chaffected these impressions?”
Other questionnaires in this pack included the Ganéealth Questionnaire (GHQ-28;
Goldberg, 1972; Goldberg & Williams, 1988), the d&ved Stress Scale (PSS-10; Cohen,
Kamarck, & Mermelstein, 1983) and a personalitysanaire derived from the
International Personality Iltem Pool (Goldberg et2006), details of which can be found in

Study 1.

Manipulation check questionnaire. At the end of the study, before the debrief,
participants completed a brief questionnaire askiegn questions about how they perceived
the study. This, in addition to the five questias&ed in the second questionnaire pack, was
designed to measure whether participants had niogiog hidden agenda in the study, and

served to identify possible exclusions.

Saliva collection.Samples were taken at six different intervals (idoig a practice)
during each session. Participants completed aipeasample soon after arrival into the
study. Two baseline samples (Samples 1 and 2) eadiected as a considerable amount of
time (approximately 50 minutes) that had passeddst them both, allowing participants’
entering state to be assessed but also as a nefatdge baseline measure. These samples
were taken after participants finished the firstgfionnaire pack and after participants had
finished the first of the attentional and interpretbias tasks. Samples 3 and 4 were collected
after each of the OCam videos, and sample 5 wectadl 30 minutes after the second

OCam video.
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For each sample, participants were asked to plageah (SOSSalimetrics LLC, US)
underneath their tongue for a period of two minuResticipants were instructed to swallow
to clear their mouth of saliva and debris befoeeplg the swab in their mouth and were
asked not to chew on or suck the swab. Samplestwasieed through the study using a
tracking sheet that noted unique barcode detaésolf tube. Samples were stored at -80°C
until required for analysis, and were assayeddweels of SAA and cortisol. Details of the

analysis procedures are included elsewhere (segt&€Hhao).

O-Cam videos.Participants were informed that they would be tglkpart in two web
conference chats with other groups of participanthe University of East Anglia, Norwich.
Instructions stated that each conference wouldisbakthree participants in total and that
each participant would be required to give a twowrte presentation on any topic that was of
a positive or neutral nature. Participants werevigied with a short list of ideas of topics to
talk about (e.g. recent holidays, career hopeshiesbetc.), and given time (approximately 5
minutes) to organise some notes and practice Withidsearcher before the conference

began.

In reality, during this part of the study partiays watched pre-recorded videos of
actors who appeared to be participating in the. task videos were recorded at the
Cognition and Brain Sciences Unit (CBSU) in Cameidand were used with permission of
the creators (Drs. Dunn and Brodbeck). Videos wasgrated into Visual Basic software,
which included an imitation connection screen tbiaithe illusion of chatting via an internet
connection. At the beginning of each of the twoeasl, the researcher appeared to share a
brief chat with the actor-researcher on the vidaxually spoken off a script according to
strictly rehearsed timings) to further convincetiggpants of the videos seemingly live nature
(see Figure 12). After this staged introductiom, tbsearcher left the room and the participant

sat through each of the other two actor’s (one nwale female) 2 minute presentations
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before giving one herself. The first video appedcede stopped by the (real) researcher
entering the room and cancelling the connectioraidghis was faked, with the researcher
actually pressing a inconsequential key sequen@@WERTY keyboard in time with the

video running time expiring.

Figure 12.The starting scene of a neutral O-Cam video withede virtual researcher.

For the second of the videos, participants eitheiciaed a video designed to make them
feel socially ostracised or socially included. Dwgrthe social ostracism video, the participant
sat through the actors’ (one male, one female)gotasions (totalling around four minutes) as
before but when it came to their own two-minuté thle actors were seen to tire of the
participant and start to talk amongst themseluwesohtrast, during the social inclusion video,
the actors changed their body language to appesdrow great interest in the participant’s
presentation (for example, by leaning in and smihindding lots). Both videos ended with

the (actor) researcher entering the room (in tdeaj to inform everyone that time had
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expired. In the social inclusion video, the acfmeceeded to give positive feedback about

the task and the participant.

Bias testslnterpretive bias. To test interpretive bias, participants completesl
recognition test (Mathews & Mackintosh, 2000) tvals presented on a computer screen
using E-Prime software (Schneider, Eschman, & Zlattg 2002). Participants were
presented with 10 scenarios that were precededitig and were presented one line at a
time. Each scenario remained relatively ambiguausrims of whether it portrayed a
positive or a negative situation. For examp&hanging the return date on your coach
ticket” (title) “You bought a coach ticket a while ago to visitiarid.” “You now would like
to stay an extra day with them but are unsure altio@icompany policies.” “You ring the
customer service number to change the return d&¥ou can tell by the operator’s tone of
voice what they think about your requesfter each scenario, participants have to answer a
simple yes/no comprehension question to ensuretthéyroperly understood the situation,
e.g."Have you decided to change the date of your retwoach ticket?” After the tenth
scenario, participants were required to recallsitenarios through presentation of the title
alone, and rate four sentences according to hovesithey were to their interpreted
recollection of the situation. The four sentencasstst of one positive interpretation (e.g.
“The operator seems friendly and sympathetic torymeds’), one negative interpretation
(e.g.“The operator seems annoyed by your requgsihe positive foil interpretation (e.g.
“The operator politely asks you whether you woluke ko take advantage of a special
offer”), and one negative foil interpretation (¢"ghe operator says that the coach you have
booked has been cancellgdFoil interpretations were included as a contnelsure to test
whether participants specifically recalled the ¢angelated interpretation or just a generally

positive or negative situation.
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Attentional bias. To measure attentional bias, participants weraired to complete a
visual probe task (Macleod, Mathews, & Tata, 1986)ich included a series of trials for
which participants had to respond to probes thaewesplayed behind neutrally or
negatively valenced words. Negative words werdeadlto general (e.g. “inadequate”) or
sensation (e.g. “ashamed”) meanings. Each trigkestavith a fixation cross being displayed
in the middle of the computer screen. After 500this, disappeared and was replaced by two
words above and below where the fixation crosskieh. One of the words was always
neutral in valence whilst the other was always tiegly valenced. After 500ms, the two
words disappeared and an arrow head target probeligplayed in place of one of the two
words. Participants were required to indicate weethe arrowhead was pointing to the left
(“<” ) or the right (>” ) by pressing either theor them letter key on a QWERTY keyboard

(which are located on the bottom left and rightchahthe keyboard respectively).

The task was presented on a computer using E-FBoftevare (Schneider et al., 2002),
and was composed of 8 practice trials and 16Qriaf split into three sections (54 trials, 53
trials, 53 trials). Between each section participamere given a break, the duration of which
they decided. Two buffer trials preceded each eftkinee sections, which were not included
in the analysis. A list containing 20 words wasaaed 8 times so that every possible probe-
word/word-location combination was used twice (pmbe behind neutral word at top of
screen and bottom of screen, and probe behindinegeadrd at top of screen and bottom of

screen).

Condition assignment.Participants were sorted into conditions (ostracisiclusion)
using a counterbalancing technique. Both the astraand the social inclusion conditions
had two possible orders of OCam presentation: videdth a male researcher followed by

video 2 with a female researcher, or video 1 witbraale researcher followed by video 2
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with a male researcher. Participants were assigreshdition according to the following

four-session schedule on a first come first sebais:

1. Neutral video 1 with a female researcher followgdbcial inclusion

video 2 with a male researcher

2. Neutral video 1 with a male researcher followedbgial inclusion

video 2 with a female researcher

3. Neutral video 1 with a female researcher followgdbcial ostracism

video 2 with a male researcher

4. Neutral video 1 with a male researcher followedbgial ostracism

video 2 with a female researcher

The male and female actor-researchers worked wiked (but different to each other)
set of male and female actor-participants, botk setvhich were used to socially reject or

socially include the participant according to tloeiterbalancing schedule above.

6.1.4 Procedure

Ethical approval was obtained from the Researcic&®ubcommittee, Anglia
Ruskin University. All testing sessions were rurvgeekdays between the hours of 10am-
6pm on-campus at Anglia Ruskin University in Cardbd. Sessions lasted 2-2.5 hours and
participants were recompensed with £12 for thdoreand time. Participants were instructed
not to eat, drink (other than water), or smoke3@minutes leading up to the study, and not
to undertake vigorous exercise for 90 minutes godhe study. Participants were first given
an information sheet before being verbally briedadhe study and asked to sign a consent
form. Participants were then given instructionhow to give a saliva sample and were

afforded one practice. Following this, participawere asked to complete the first
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guestionnaire pack (trait questionnaire pack oe&)re giving their first non-practice
sample. During the two minutes taken to give a dangarticipants completed the first
copies of the state questionnaires. Following thasticipants completed an attentional and
interpretive bias task and then gave their secantpte and completed a second series of
state questionnaires. Participants then receiNmeeing detailing the nature of the live web
conferences (videos) before spending a couple ofit@s gathering notes about what they
wanted to say. Once prepared, participants weredtifor two minutes performing a practice
presentation with the researcher before movingpdhe two web conference videos. After
each video, participants gave a saliva sample ampleted the state questionnaires. Next,
participants completed a second attentional aretpngtive bias tests (a filler task), and the
second questionnaire pack (trait questionnaire paok before giving their final saliva
sample. Participants then completed the manipulatieeck questionnaire before being fully
verbally debriefed and given a written debrief $hEellowing debrief, participants were
asked to re-consent to their data being used snstiidy. Participants were paid and offered
the opportunity to take part in a positive mooduickibn task, which involved noting down
three positive life events/experiences that hadere happening to the participant whilst

listening to a favoured piece of music.

6.1.5 Data Analysis Plan

Hypothesis 1.To assess the effects of the web-conference taSkrfOL - neutral)
and whether the social manipulation element (smstthcism vs. social inclusion; OCam 2)
had been successful, a series of repeated meabl®® As were conducted on reported
levels of rejection (as measured through the addgettives on the PANAS), and the

measures of primary needs (belonging, control;estfem, and meaningful existence).
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Hypothesis 2.To test the main hypotheses regarding the influehoegnitive bias
on the psychological and physiological effects stfacism as induced through the O-Cam, a
series of moderated regression analyses were pertbrDependent variables were
percentage change scores for reported stress @mined through the SACL), positive and
negative affect (as measured through the PANASA, sécretion, and cortisol concentration.
Percentage change scores were calculated by tdiertgyo measures of interest, for example
reported stress at baseline 2 (SACL 2) and repatteds following the second O-Cam video

(SACL 4), and conducting the following calculation:

((SACL 4 — SACL 2) / SACL 2) x 100

The calculation of percentage change in preferemeedelta change score thus
produced a measure that was relative to the fomsasure, which enabled all scores to be
included regardless of their initial deviation frahe group mean. For acute measures
(reported stress, positive and negative affect,s# secretion) change scores focused on
variation between measures 2-3 (response to thg tad and 3-4 (response to the social
manipulation), and 4-5 (recovery). For cortisol iethtakes longer for responses to become
apparent (e.g. Kirschbaum et al., 1993), changeesagere computed between measures 2-5,

3-5, and 4-5 to capture any response to the soaalpulation.

These percentage change scores were then endepaidtely) as dependent variables
into moderated regression analyses with the dichots variable (condition: ostracism,
inclusion) and the continuous bias score variabkeipretive bias 1 or attentional bias 1)
entered as predictors (step 1). A second step Bteeluded an additional interaction term,
which was the computed combination of the relewast score (as used in step 1) and
condition. This was included in regressions thaestigated responses to ostracism to

investigate whether any predictive capacities aEhvere dependent the presence/absence of
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stress. To reduce multicollinearity, the continuvasables (attentional bias 1 and
interpretive bias 1) were mean-centred prior to jgpotimg the interaction terms (Aiken &
West, 1991; Holmbeck, 2002). Significant interactierms were followed up using the

process of simple slope analysis (Holmbeck, 2002).
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6.2 Results
6.2.1 Data Exploration

Ten participants’ data were removed from the amglgix for expressing suspicion
about the deceptive element to the study (live imtdraction), three who experienced
technical difficulties during the session (e.g. sftware being non-responsive), and one due
to insufficient understanding of the English langeiaOf the remaining 81 participants, 40
were in the social ostracism group and 41 partidpavere in the socially included group.
The data was explored for outliers and to cheaoket the assumptions for parametric testing.
Log transformations were calculated for all dattaoied by saliva analysis (SAA secretion
and cortisol concentration), as it was found tdude several outliers and showed positive
skewing. This action was successful in its attertptsormalise the distribution of the data.
All analyses were conducted using logged data, kiemaescriptive and graphical

representation of the means and measures of wariate presented using unlogged data.
6.2.2 Participant Characteristics

Univariate ANOVAs revealed no significant differenisetween the social inclusion
and social ostracism groups on the FNE, RSQ, GH@3%-10, DASS (including all three
subscales and aggregate score), or STAl-trait{abée 11). The two groups also did not
differ significantly in terms of entry levels ofagé stress and negative affect (state and trait).
However, trait positive affect was found to be tagfor the ostracism group than the social
inclusion group. Additionally, participants in thetracism group reported having
significantly higher state positive affect thantgapants in the social inclusion group on
entry to the study (at baseline 1; see Table 1ajveéver, these effects were not apparent at

baseline 2F(1, 77) = .21p = .65,1],:,2 < .001 (ostracism conditioM = 27.63,SD=7.67,
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inclusion conditionM = 26.76,SD = 9.16), which was used as the primary baseline

comparison point (see below).

Table 11

Means and standard deviations for participant traiid entry state characteristics

Social ostracism Social inclusion
Mean SD Mean SD Fvalue pvalue
FNE Social anxiety 6.03 4.00 6.51 4.56 .26 .61
RSQ Rejection 8.84 3.28 9.21 3.38 .25 .62
sensitivity
DASS Depression, 23.78 1541 26.77 16.73 .65 42
anxiety and

stress (aggregate)

GHQ Distress 46.05 8.69 48.94 11.08 g7 .39
PSS-10 Chronic stress  16.33  4.82 17.18 5.29 49 49
STAI Trait anxiety 38.60 7.60 39.59 10.31 24 .63
PANAS Trait positive 36.63 6.45 33.85 5.54 4.19 .04

(trait) affect

PANAS Traitnegatve  18.97  6.10 20.00  7.07 A7 50
(traity ~ affect

SACL Entry state stress 2.85 3.07 3.76 3.30 1.64 21

PANAS Entry state 31.47 7.60 27.66 8.21 4.58 .04
(state) positive affect

PANAS Entry state 13.50 4.64 13.60 4.40 .01 .92
(state) negative affect
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6.2.3 Baseline Sample

A series of 2 (group: social ostracism, socialuson) x 2 (time of sample: baseline
1, baseline 2) repeated measures ANOVASs reveaddttare were no significant main
effects of time (alp values > .10; see Table 12) or group galalues > .12; see Table 12)
between the first and second baseline sampleg\#isscretion, feelings of rejection, or
reported stress. For these variables, there wadaisd to be no significant interaction

between time and group allocation (@Walues > .14; see Table 12).

Table 12

Mean (and SD) comparisons for baselines 1-2 aniik$itaal output

Baseline 1 Baseline 2

Mean SD Mean SD Time Main Group Group x Time
Effect Main Effect Interaction
F p F p F p

Cortisol (ug/dl) .21 .16 .18 .12 1539 <001 .05 .83 .13 .72

SAA secretion 14.72 21.20 15.18 17.5&2.80 10 .20 .65 .27 .61
(U/min)

Reported stress  3.31 3.20 3.62 3.67 .82 37 244 12 21 .65
(SACL)

Reported 6.38 4.30 5.63 152 255 A1 .90 35 .77 .38
rejection
(PANAS)

Reported positive 29.49 8.10 27.18 8.43 2746 <001 1.72 .19 10.5402 .0
affect (PANAS)

Reported negative 13.55 4.49 12.81 3.96 4.06 .05 20 .65 .65 42
affect (PANAS)
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As can be seen in Table 12, there was a significeam effect of sample time on
cortisol concentration; cortisol samples were digantly higher at Baseline 1 relative to
Baseline 2. However, there was no significant nedfiect of condition and no significant
interaction between group allocation and time ofigle. A significant time main effect was
also found for positive and negative affect; lewdlboth significantly decreased between
Baseline 1 and Baseline 2 (see Table 12). No sogmif main effect of group was revealed
for either positive or negative affect. While ngrsficant time x group interaction was
identified for negative affect, a significant timgroup interaction was identified for positive
affect. Further investigation, in the form of pbste paired-tests, revealed that for the social
ostracism group levels of positive affect fell sfgrantly from a mean of 31.450= 7.60)
to 27.63 6D=7.67),t(37) = 5.50p < .001,d = .50. For participants in the social inclusion
group, there was no significant change in repoptesitive affectt(40) = 1.55p =.13,d=

.10 (Baseline IM = 27.66,SD= 8.21; Baseline 2V = 26.76,SD= 9.16).

Univariate ANOVAs showed no significant main effe€tcondition on cortisol, SAA
secretion, or reported stress, rejection, posdifect and negative affect at baseline 2. In
light of this, and due to it being a better repreéagon owing to the closer proximity in time,
baseline 2 (sample 2) was selected as the moabtitbaseline sample to compare against

successive samples.

6.2.4 Creating Bias Index Scores

Interpretive bias index (IBI) scores.Prior to calculating an IBI score, a series of
pairedt-tests were conducted to distinguish whether ppeids successfully discriminated
between target and foil sentences during the retogriask. Results revealed that
participants consistently rated target positivengeM = 2.19,SD= .47) higher with regards

to their recollection of how the sentence matcleddriginal scenario relative to positive foil
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items M = 1.58,SD=.49),t(80) = -15.19p < .001,d = 1.26. Similarly, participants were
found to rate negative target items significanighler (M = 2.27,SD= .51) in comparison to
negative foil itemsNl = 1.40,SD= .34),t(80) = -17.31p < .001,d = 2.02. This confirmed
that participants were correctly recalling intetpt®ns of the scenario, rather than making

generalised positive or negative associations.

To produce an overall IBI score, individual targaings for the negative
interpretations of sentences were subtracted fewget ratings for the positive interpretations
of sentences. The resulting IBI score represemeddividual’s overall tendency to make
positive or negative interpretations of ambiguazensirios (i.e. their natural interpretive
bias), with a higher score representing a moretipedbias and a more negative score

indicating a more negative bias.

Attentional bias index (ABI) scoresPrior to calculating an ABI score, incorrect
trials and trials for which participants took leékan 200ms or longer than 2000ms to
complete were removed from the analysis (as in Madl-Rutherford, Campbell,

Ebsworthy, & Holker, 2002). This extraction conetsbf 2.38% of the total available test
data. To produced a single useable attentionalibikex score, median time (milliseconds)
taken to respond to probes displayed behind thalevords was subtracted from median
time (milliseconds) taken to respond to probesldisa behind the negative words. A higher
resulting score indicated a more positive bias)st/lai lower number indicated a more

negative bias.

6.2.5 Hypothesis One

Social rejection.A 2 (condition: social ostracism, social inclusiord (time point:
baseline 2, post OCam 1, post OCam 2, and 30 nsmast OCam 2) repeated measures

ANOVA was conducted on reported rejection (from P¥Nadjectives). A significant main
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effect of time was identified;(1.65, 126.88) = 28.5@, < .001,np2= .27 (Greenhouse
Geisser adjusted), that was qualified by a sigaifianteraction between time and condition,
F(1.65, 126.88) = 36.09, < .001,np2: .32. Post-hoc investigation (Bonferroni correates
.017) of the main effect revealed no change frorseBae 2 until after OCam 1(79) = .38,p

=.71,d= .03, a significant increase between the two OQa@®os,t(79) = -4.77p<.001,d

.70, followed by a significant decrease from OCamntil 30 minutes latet(78) = 4.57p
<.001,d = .55. As expected, when exploring the interactasignificant increase in reported
rejection was identified only in socially rejectedrticipants immediately after watching the
socially rejecting OCam videt(38) = -6.44p < .001,d = 1.38. In this group, reported
rejection was then found to significantly decreafter 30 minutes from watching the second
OCam videot(38) = 6.07p < .001,d=1.06. No other comparisons approached statistical
significance in either the social ostracism or gbiciclusion condition (see Figure 13).
Further, univariate ANOVAs showed no significantimeffect of condition on reported
rejection at baseline 2, after (neutral) OCam BM®minutes after OCam 2 (allvalues >

.24). After OCam 2, a significant main effect ohdition was evident;:(1, 79) = 42.23p <

.001,1,°= .35.
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Figure 13.Change in reported rejection throughout the study.

Primary needs.A 2 (between subjects; group: social ostracisroiasinclusion) x 2
(within subjects; time point: after [neutral] OCamdeo 1, after [socially manipulating]
OCam video 2) repeated measures ANOVA was conductede aggregate scores of the
four primary needs variables. While no main effefdime was revealedi(1, 71) = 2.88p =
.09,np2: .04, a significant interaction was identifiedweén group and timé&(1, 71) =

45.09,p < .001,n,°= .39.

Post-hoc testing (Bonferroni correctee .03) revealed that participants who were
socially rejected reported a significant decreasavierall primary needs fulfilmeni(36) = -
5.75,p<.001,d = 1.23. Conversely, participants in the socialus@n condition reported a
significant increase in primary needs fulfilmet85) = 3.69p = .001,d = .69. Table 13
shows the output of these analyses when run osulbgroups of the primary needs variables.

As can be seen, the fulfilment of needs associaittdbelonging, self-esteem, and having a
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meaningful existence all appear to be affecteddayas ostracism in the hypothesised

manner. The need for control, alternatively, isaffécted by the social manipulation
Table 13

The relationship between primary need subscalessanl manipulation

Belonging Self-esteem Meaningful  Control

existence

REPEATED MEASURES ANOVA

Main effect of  F(; 74 = 15.49* F(1,79 =.02 F( 79 = 10.48 F(1.79 =.08
time

Interaction F(1,79 = 71.32,** F(1.74 = 35.86™ F(1, 79 = 45.98* F(1.79 = 3.27
with social

manipulation

*p<.01l *p<.001

PAIRED T-TESTS
Ostracism t(s7) = -7.00° t(s7) = -3.78 t(s8) = -5.57°
only
Reduced levels of Reduced levels of self- Reduced levels of N/A
belonging esteem meaningful existence
Inclusion only (37 = 4.83 t(s7) = 5.00° t(s7) = 4.25°
Increased levels of Increased levels of self- Increased levels of N/A
belonging esteem meaningful existence

* p< .013 (Bonferroni corrected alpha)

Summary. As hypothesised, reported rejection was signifigagrteater in response

to social ostracism relative to social inclusiostr@cism additionally led to a reduced

" This finding was supported by univariate ANOVAs\dacted on the aggregate and individual subscalesc
comparing the influence of condition prior to arittaOCam 2. For all scales there was no main eéiec
condition at measure 1 (glvalues > .17), but for the aggregate scale anchpélig, self-esteem, and
meaningful existence subscales there was a signtfimain effect of condition (in the predicted dtien) at
measure 2 (ajp values < .001). No main effect was apparent forctharol subscale at measurep2=(.16).
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fulfilment of individual primary needs, specificallhe subscales related to belonging, self-
esteem, and having a meaningful existence. Altemlgt in relation to the need to have

control, there was no support for the hypothesis.

6.2.6 Hypothesis Two

Attentional Bias. Response to neutral task (OCam 1). Prior to the moderated
regression, simple linear regression analyses w@rducted to confirm whether random
allocation to groups (ostracism, social inclusiball been successfiesults found that
group allocation and attentional bias did not digant predict changes in SAA secretion,
positive affect, or negative affect between meas@r8 (baseline 2 and after OCam 1; see
Table 14). Attentional bias did emerge as a sigaift unique predictor of changes in
negative affect between measures 2 anu=3.04). The absence of predictive capacities of
group allocation at this stage confirms that randdiocation to conditions took place as, at

this point in the study, there were no differenicggrotocol between the two conditions.

Table 14

Summary of regression analyses testing effecteoopgallocation and attentional bias.

Group allocation Attentional bias

Model R B SE B SE
A Stress change 2-3 .001 -.03 .53 .004 .02

Positive affect 2-3 .03 -.02 .06 -.003 .002

change

Negative affect 2-3 .06 -.03 .05 -.008 .002

change

SAA change 2-3 .01 .61 .93 .001 .03

Note.A = Response to task
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Response to social manipulation. A series of moderated regressions were conducted
to assess the predictive capacity of group allooaind cognitive bias on psychological and
physiological responses to ostracism/social inolusstep 2 further assessed the importance
of being in a current state of stress in obsertege effects. A significant proportion of the
variance in reported stress, positive affect, aaghtive affect between measures 3-4 (post
OCam 1; post OCam 2) and 2-4 (baseline 2; post OBamas accounted for by group
allocation and attentional bias on Step 1 (seeeldb). However, for all models, group
allocation was found to be the only significantgcéor. Additionally, the interaction terms
(group x attentional bias; step 2) did not emergya aignificant predictor for any of the
dependent variables. No significant amount of ¥emmein SAA secretion (measures 3-4 or 2-
4) or cortisol (measures 2-5, 3-5, or 4-5) was &ixygld by group allocation, attentional bias

or the interaction term (group allocation x group).

Recovery. A series of moderated regressions were conductati@se to focus on
recovery from the task. Group allocation and aitexatl bias (step 1) accounted for a
significant amount of variance in reported stressitive affect, and negative affect between
measures 4-5 (post OCam 2; 30 minutes later), thgogup allocation emerged as the only
significant predictor. Group allocation and attenal bias failed to account for any
significant variation in SAA secretion between s#&spl-5. No interaction terms (step 2)

were significant (see Table 15).

146



Table 15

CHAPTER SIX

Summary of regression analyses testing moderatffiegte of group allocation and

attentional bias.

Step 1 Step 2
Group Attentional bias Interaction
allocation term (group
X bias
Model R B SE B SE AR? B) SE
B Stress 34 18+ 1.46~** .39 .003 .01 .01 .02 .02
change 2-4 19 1.73** A7 -.004 .02 .02 -.04 .03
Positive  3-4 B L 24k .04 .001 .001 .001 .001 .003
affect 2-4 23 - 28 .06 .000 .002 .001 -.001 .004
change
Negative 3-4 26M*% 20 .06 .002 .002 .001 .001 .004
affect 2-4 Ageex 28 .07 -.002 .002 .01 -.004 .004
change
sAA 3-4 .05 -.37 .28 .01 .01 .02 -.02 .02
change 2-4 .01 .15 .46 .01 .01 .002 .01 .03
Cortisol  2-5 .04 .10 .10 .003 .003 .001 .002 .01
change 3-5 .03 .000 .08 -.003 .002 .01 .004 .005
4-5 .05 .04 .06 -.003 .002 .000 .001 .004
C  Stress 4-5 A2 -.59* 19 .000 .01 .003 -.01 .01
change
Positive 4-5 A3 A4 .05 .002 .002 .02 .004 .003
affect
change
Negative 4-5 A - 15 .04 .000 .001 .001 .001 .003
affect
change
sAA 4-5 .005 15 32 -.004 .01 .004 .01 .02
change

Note.B = Response to social manipulation, C = Recovep/k .05, *p < .01, ** p<

.001.
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Interpretive Bias. Response to neutral task (OCam 1). Prior to the moderated
regressions, simple linear regression analyses eara@ucted to determine the effects of
participating in the neutral task and to ensuresssful random group allocation had taken
place. Group allocation and interpretive bias weefound to account for any significant
amount of the variance in positive affect, negaéffect, or SAA secretion between measures
2-3 (baseline 2; post OCam 1). While the model ma@gound to be significant for variation
in stress, interpretive bias did emerge as a ngarfisant predictor |p = .05; see Table 16).
The absence of any predictive power of group atlonaconfirms that random group

allocation took place.

Table 16

Summary of regression analyses testing effectsoopgallocation and interpretive bias.

Group allocation Interpretive bias
Model R B SE B SE
A Stress change 2.3 .06 .06 52 941 A7

Positive affect 2-3 .01 -.02 .06 -.05 .06
change

Negative affect 2-3 .01 -.04 .05 -.003 .05
change

SAA change 2-3 .01 .59 .93 .32 .80

Note.A = Response to task: p = .052.

Response to social manipulation. Moderated regressions were conducted to
determine the predictive capacity of group allamatnd cognitive bias. Step 2 assessed
whether considering an individual’s current stai Gtressed or not stressed) was necessary

in observing these effects. A significant amountarfiance in stress, positive affect, and
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negative affect between measures 3-4 and 2-4 vwasiated for by group allocation and
interpretive bias (step 1; see Table 17). Howeyenp allocation emerged as the only
significant predictor in all models. No significaarnount of variance in these models was
explained by the interaction terms (group x intetipe bias; step 2). No significant amount
of variance in sAA secretion (measure 3-4 or 4¥5)artisol (measures 2-5, 3-5, or 4-5) was

explained by group allocation, interpretive biasthe interaction term.

Recovery. In step 1, a significant amount of variation iress, positive affect, and
negative affect between samples 4-5 was accouatdnyfgroup allocation and interpretive
bias, though in all instances group allocation gya@éras the only unique significant
predictor. While group allocation and interpretbias (step 1) were not found to account for
a significant amount of variation in sAA secretioetween samples 4-5, interpretive bias did
emerge as a trend unique predicips(.08). No interaction terms (group X interpretiias;
step 2) were found to account for a significant amaf variance in any of the recovery

models.
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Table 17

Summary of regression analyses testing moderatffiegte of group allocation and

interpretive bias.

Step 1 Step 2
Group Interpretive Interaction
allocation bias term (group x
R2 AR? bias)

Model B SE B SE B SE
B Stress 3-4 A9 1.44% .39 41 .34 .03 1.04 .70

change 5 4 20 1768 46 .47 42 001 -26 .86

Positive 3-4 B0 - 248 .04 -.004 .04 .004 .05 .08

affect 2-4 23 - 28 .06 -.05 .05 .01 .10 A1

change

Negative 3-4 25 30+ .06 -.02 .06 .005 -.08 A1

affect 5 4 A8 28% 07  -02 06 .01 .14 13

change

SAA 3-4 .02 -.36 .29 .07 .25 .02 .59 51

change 2-4 .004 .16 .46 -.15 41 .003 .38 .83

Cortisol 2-5 .02 A1 .10 .04 .09 .01 A7 .20

change 3.5 000 -01 08 .01 .07 02 .14 15

4-5 .01 .04 .06 .02 .05 .01 -.08 A1

C Stress 4-5 A3 -.60* .19 .18 A7 .03 -.49 .34

change

Positive 4-5 A1x A4+ .05 .03 .04 .02 -12 .09

affect

change

Negative 4-5 18+ - 15 .04 .03 .04 .003 -.04 .07

affect

change

SAA 4-5 .05 14 31 -49° 27 .000 .03 .56

change

Note.B = Response to social manipulation, C = Recoverg;= .08, *p < .05, *p< .01,
*** p<.001.
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Summary

Group allocation was found to be a significantdctor for variation in reported
stress, positive affect, and negative affect betwereasures 3 (post OCam 1) — 4 (post
OCam 2) and 2 (baseline 2) — 4, as well as folatian in these variables between measures
4 — 5 (30 minutes post OCam 2). There were nofsignit predictors of cortisol or sAA
secretion between these time points, though irgéxer bias was found to be a trend
predictor of variation in SAA secretion betweendipoints 4-5. Group allocation was not
found to be a significant predictor of changeseape&hdent variables between time points 2-3,
though attentional bias was found to significaipilgdict variation in negative affect and
interpretive bias was found to be a near signitigmadictor of changes in stress during this

time.
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6.3 Discussion

As predicted, participation in a simulated onlaiat that was staged to induce the
sensation of being ostracised successfully prodacajective stressful response.
Ostracised participants reported a significantaaese in feelings of rejection and
significantly less fulfilled primary needs compateda simulated online chat that promoted
feelings of social inclusion. Specifically, ostrs®il participants reported significantly less
fulfilment of primary needs associated with belongiself-esteem, and having a meaningful
existence while the subgroup of needs associatédb&ing in control was unaffected.
Allocation to either a social ostracism or socmlusion condition significantly predicted
variation in psychological measures; reported steewl positive and negative affect.
However group allocation failed to predict any apesin the physiological measures,
thereby suggesting that ostracism was ineffeciiyeroducing significant changes in cortisol
and sAA. Further, attentional bias did not sigrifily predict any physiological changes
during the study. However, attentional bias diddigantly predict changes in negative
affect from baseline 2 until after OCam 1 (takemejpresent a response to participating in the
task). Interpretive bias emerged as a trend pradaftchanges in stress from baseline 2 to
after OCam 1 (response to the task), and for cleaimggAA between the final two samples

(recovery from the stressor/task).

Weeks, Heimberg, Rodebaugh, and Norton (2008) drthat social anxiety is
composed of a general fear of evaluation (i.eaa & both negativand positive evaluation).
While positive evaluation fears were not measuneithis study, negative evaluation fears
were using the Fear of Negative Evaluation scalatdh & Friend, 1969). This construct
was not found to significantly vary by conditiorhdugh the two concepts are thought to
exist independently, they have been shown to shateng positive correlation in an

undergraduate sample (Weeks et al., 2008; Weeks)ldeéeg, & Rodebaugh, 2008). It is
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therefore assumed that social anxiety did not set @onfounding factor to responses of

ostracism or inclusion in this study.

As with Study 1, the stressor task in the presemdy (being ostracised) did not elicit
any physiological stress response. However, uiBikely 1, here the task was successful in
producing an acute psychological response on stdiseéd measures, specifically increases
in stress, negative affect, and feelings of repecind decreases in positive affect and self-
reported fulfilment of primary needs. It seemsydifigre, that there is some inconsistency
between how participants report feeling and thieysmlogical response. In order to further
examine this disparity, it seems worth considehiog people responded to earlier aspects of
the study. As mentioned previously, this task doggsear to contain elements of the TSST,
notably self presentation in front of an (assunsd)ience. In a meta-analyses of 208 studies
that aimed to induce a physiological (cortisolyp@sse, Dickerson and Kemeny (2004)
concluded that three elements were necessary ar twgproduce a task-induced
physiological response; uncontrollability, motiwatito succeed, and threat to the social self.
The intended stressor (ostracism) aspect of thidystvas thought to contain these aspects.
Motivation was represented through an individuabBsural desire to belong (Baumeister &
Leary, 1995), while uncontrollability was illusteat by forcing participants to continue
talking for two minutes to an audience (the sefigantation aspect of which contained a
potentially socio-evaluative and personal elemétbwever, while the self-presentation
aspect might have been considered uncontrollabiigifis et al.’s (2002) fundamental need
for control was not found to be significantly affed by the perception of ostracism. Perhaps,
then, it could be argued that the first OCam vifteautral response) acted as the stressful
task over and above actually being rejected. Fraaracipant’s perspective, for example,
the first task would still include an element o€sd evaluation. Post-hoc analysis conducted

between baseline 2 and OCam 1 appeared to suppogroposition. In all participants, both
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reported stres$(80) = -2.62p =.01,d = .30, and sAA secretiot(;74) = -5.30p < .001,d =
.50, increased significantly, which suggests tlaatippating in the task itself (i.e. self-

presentation to an audience) proved stressful.

The suggested reinterpretation of the stressoudsed above could have
considerable ramifications in terms of explainihg apparent discrepancy between
physiological and psychological responses to sasfthcism. For instance, condition
allocation, and therefore social ostracism, faitegredict any changes in sAA in response to
the second, socially manipulative, OCam task.rtaims possible that the significant rise in
SAA secretion in response to the task (i.e. OCaaldr)e acted as a mask to any response to
the social ostracism element which, if combinedhwitneutral non-stressor task, might have

been more apparent.

By coincidence, while proving disadvantageous ia oatlook, these post hoc
findings relating to the effects of the task its#if prove useful when considering another
viewpoint. For instance, initial analysis had swgigd there had been no physiological
response. However, retrospectively finding a sigaift rise in SAA secretion in response to
the task means that changes between the finaldmples represented a real recovery from
stress. Accordingly, any associations linked te tecovery phase appear instantly more
significant. Interpretive bias was found to beemtt predictor of changes in sAA during this
time, with a stronger negative bias being indicat¥ a slower return to baseline. While not
appearing influential in physiologicegésponseso stress, these results suggest that
interpretive bias might instead determine an irdiial’s success irecoveringfrom a

stressful event.

Partial support for the above argument is givemdagnt findings from Baert, Casier,

and De Raedt (2011), who were able to link thectffef attention modification training to
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an individual's physiological recovery from, ratttean their response to, stress. Participants
who received attention modification training fox siays prior to a mock interview showed a
significantly faster recovery of heart rate varidgpicompared with participants who
completed a control version of the training. Whésearchers typically focus solely on the
stress response, perhaps consideration of botbnieso and recovery from a stressor might
provide a better framework in determining resisédresilience to stress. Indeed, the
Perseverative Cognition hypothesis (Brosschot,rGé&iThayer, 2006) argues that it is this
capacity to recover from a stressor that serveslaedter predictor for stress-related ailments,

such as poor health, rather that the magnitudeepinitial response.

The absence of significant findings relating te gedictive power of attentional bias
is surprising, given that this bias has receivatsaterably more interest in the literature than
interpretive bias. Several studies have documedttedtional bias as a correlate of an
individual’s cortisol response to a stressful eeng. Dandeneau, Baldwin, Baccus,
Sakellaropoulo, & Pruessner, 2007; Pilgrim, Ma&r,upien, 2010). Fox, Cabhill, and
Zougkou (2010) extend this with findings that shdvew hyper-vigilance to threat
predicted cortisol response to stress above anohidethe predictive power of more
conventionally considered trait factors, such asedy, neuroticism, and extraversion. It is
worth noting, though, that the above studies taddests of attention to match the genre of
stress included. For example, to measure atterRidgrjm et al. employed a visual probe
task that contained words that were specificallgcted for their ability to convey emotions
depicted with social evaluation. For the stresk, thee authors then used a modified version
of the TSST that included self-presentation. Theem study aimed to measure the influence
of a more general measure of attention, with ensotierds that pertained to either a
generally negative (e.g. negligent) or negativesagan (e.g. suffocating) category.

Alternatively, the categories included in the iptetive bias test related more to social

155



CHAPTER SIX

interaction and performance, which might explaithitbe disparate findings between the
two measures of bias included in the present samdlyalso the relationship between

attentional bias observed in the present and pue\studies.

Three main points can be concluded from the figsliof the present study. First,
social ostracism created using the OCam paradigreaapd to successfully act as an acute
psychological stressor. However, confounding aspefcthe task (self-presentation) possibly
concealed evidence of ostracism being an acuteglbggcal stressor. For this reason, it
would seem unwise to continue with this task ircusrent form (i.e. with a “neutral” then
ostracising video). Second, as argued in a recgermp(Mackintosh, Mathews, Eckstein, &
Hoppitt, in prep), it seems that there is a netg$simatch bias test material with similar
concepts that might be included in the emotiongraigal of the stress task in order for any
influences to become visible. Finally, drawing ardfngs concerning data from interpretive
bias tests (which did correspond more to the domogihe stressor), the data suggests that
natural biases might additionally play a role iniraividual’s ability to recover from a
stressful event. This implies that future reseatobuld consider both response and recovery
changes and suggests the relationship betweemibstress vulnerability might not be as
clear cut as previously assumed. The next logtegl i this research (Study 5) will address

the influence of bias training on the stress respfsfecovery process.
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7.0 CHAPTER SEVEN: STUDY FIVE

An investigation into the influence of CBM-I trang on the psychophysiological effects of

acute stress
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There now exists a well established causal lirtkvben cognitive bias and anxiety; an
individual’'s inclination to disproportionately foswn threatening material and interpret
ambiguity in an overly threatening manner can deiee their susceptibility to various
anxieties (for a review, see Beard, 2011). The raenim which these biases operate on a
physiological level, however, are less well undardt A handful of researchers have started
to explore this area, with findings demonstratinffuences in the expected direction. For
example, Fox, Cahill, and Zougkou (2010) have shbaa individuals’ unconscious
tendency to selectively attend to threatening nedtdetermined cortisol responses to acute
laboratory stressors delivered four and eight metdter. Dandeneau, Baldwin, Baccus,
Sakellaropoulo, and Pruessner (2007, experimeatist)found a significant positive link
between cortisol responses to a stressor (rejet@gk) and attention bias on a visual probe
task. Here, cortisol output was greater in paréinis who were faster to respond to probes
that were placed behind pictures of angry or rejygatxpressions. In this thesis, Study 4
failed to replicate the suggested links presenbed@, as changes in cortisol following an
acute stressor were not found to be explained hyaaiases in attention and interpretation.
However, interpretive bias was found to influenoe tecovery rate of sAA, which has
previously not been explored. The present study aurther the current literature by
investigating the influence of positive CBM-I trang on the psychological and physiological

stress response.

At present, one study exists that explores theiémite of bias training on the
physiological stress response. Dandeneau et &7(&Xperiment 3b) created a novel bias
training program that required participants to tecapicture of a face that depicted a
neutral/happy emotion from a 4x4 matrix of facdsybich the remaining 15 pictures
depicted angry/rejecting expressions. Compared avitntrol condition, participants who

completed the find the happy face’ training dddy one week had significantly lower levels
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of cortisol and significantly smaller peak cortisesponses over the working day, thereby
indicating they had been less affected by the seti@ss associated with their jobs

(telemarketing).

Though in its infancy, the highlighted researclteddéfa great deal of promise for
researchers in the field. However, to date, only studies have investigated the influence of
naturally occurringnterpretivebiases on the physiological stress response. hiyStu
interpretive bias was not found to significanthggict physiological (or psychological)
reactions to a social ostracism paradigm. Interghtji however, the measure was indicative
of changes in sAA (though not cortisol) after thessor, implicating a potential influence of
interpretive bias on recovery success followingsgrrather than at the initial response stage.
Concurrent with the efforts presented in this thesined at establishing a link between
cognitive biases and the stress response, a codi@minvestigation explored this link
focusing on performance-related stress (Hoppittshfdosh, Randall, & Bristow, under
review). Interpretive bias to emotionally ambigueignettes was measured using the
recognition test. Participants were then exposeditier a stressor or control task in a group
setting. The stressor required participants to detefa series of computer tasks that they
were told formed a cognitive ability test. The thtasks were presented in a set order and
consisted of a number and general memory test aedes of anagrams. Participants were
informed the test had been designed so that “agésigdents performed well, when actually
the tests were set to a high level of difficultyiriduce feelings of failure. For the control
condition, participants were presented with theesamtructions and tasks but with the
difficulty set at an easy and unchallenging le¥&lough no main effects of the stressor were
evident on the physiological stress response,riggldemonstrated a clear link between

interpretive bias and the stress response. Patitspn the stress condition with a more
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negative bias (following a median split) were fouadhave significantly greater cortisol and

SAA responses to the task relative to those withoee positive bias.

Though considerably more research is needed txagplthese findings and clarify
any conflicting findings, preliminary research sagtg that bias might play a seminal role in
how people respond to a stressful event. One dessalnse of the discrepancies in the two
studies mentioned above could be due to the tygénafili used in the bias tests/training. For
example, in Study 4 (of the present thesis) attarttias was not found to significantly
predict any physiological changes in responsesoc#al ostracism challenge. It was noted,
however, that the content of the test word listsrbt match that of the stressor, with the test
stimuli corresponding to generally negative or riegasensation categories while the
stressor characterised a social evaluative streBsmdeneau et al. (2007, experiment 3a)
report similar domain-specific effects in a studyidg which participants completed an
online ‘find the happy face’ training exercise fowe days prior to a final exam. Each day,
training was followed by participants answeringethguestions relating to their appraisal of
their exam anxiety. While the training was sucaggsfreducing their anxiety specifically
relating to the exam, it had no influence on genekeels of stress or anxiety over the

training days.

In studies where clear bias effects are evidegt @lgrim, Marin, & Lupien, 2010),
the bias test and stressful challenge tend to epassisimilar domains (e.g. social stress).
Mackintosh, Mathews, Eckstein, and Hoppitt (in prexplored these specificity patterns by
training participants toward a more positive biathwnaterial that either matched or differed
in content to an ensuing stressful task. Findimgsved that training effects were only
apparent in the response to the stressor whemaiméng was more tailored to the task. These
findings imply that biases function at a domainesfielevel. This issue has received

considerable attention within the field (e.g. Saldmvan den Hout, & Kindt, 2010), though
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at present findings are often contradictory. Thamefas this is not an issue that is to be
addressed here, for the purpose of the present btas training/test material will be tailored

specifically to match themes evident in the stidgsisk.

The main objective of the present study is to itigase the influence of interpretive
bias training on the psychological and physiologieaponse to a stressful event. In light of
the specificity arguments presented above, andadensg no clear bias-stress response links
were identified in Study 4, the present study ailbpt the more successful stressor paradigm
employed in Hoppitt et al. (under review). A funthestification for implementing the
imitation cognitive ability stressor tasks in therent study arises from the fact that an
interpretive training programme has already beaptad to contain test-related material
which matches the stressor task. Further, reséamchour laboratory has demonstrated that
the training is successful in modifying emotioregponses to the imitation cognitive ability
tasks (Mackintosh et al., in prep). This study d¢i@re aims to advance Mackintosh et al.’s

study by exploring physiological responses to taagigm.

As the stressor task has been standardised else=gheppitt et al., under review), the
present study will not include a control task;patticipants will complete the same version
of the task. Prior to this, participants will receiCBM-I training that relates specifically to
test/examination anxiety. Training will either encage participants to interpret test-related
ambiguous scenarios in a positive manner (positaiaing) or will draw on the positive and
negative interpretations of the scenarios equahgih training). It is hypothesised, firstly,
that participants will find the task emotionallyestsful, which will be evidenced by a
significant rise in levels of reported stress aadative affect, as well as significant decreases
in positive affect. As no main effect of the taskghysiological activation was identified in
Hoppitt et al., cortisol concentration and sAA autpre not predicted to change in response

to the task here. However, the direction of CBNMalrting is predicted to influence the
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magnitude of participants’ responses to the tagk, positive training leading to a smaller
response than sham training. This effect is expectde evident in both psychological and

physiological variables.

162



CHAPTER SEVEN

7.1 Method

7.1.1 Design

A 2 (between subjects; group: positive trainingraltraining) x 5 (within subjects;
time of saliva samples and mood measurement: baskland 2, post-stressor, and 20 and 30
minutes post-stressor) mixed model design was (sesdFigure 14). Dependent variables,
cortisol concentration, SAA secretion, reporteésdr and positive and negative affect, were
measured at five time points. Dependent varialskase anxiety, reported optimism,
happiness, tension, and distress, were measurecelaafd after the stressor. Measures of
chronic stress and distress, test anxiety, andanxiety were also taken to assess potential
influences on participants’ vulnerability to strebgerpretive bias was assessed following
CBM-I training (sham or positive) to assess impadtaining. Stress was induced through a

pseudo cognitive ability test.
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Saliva collection instructions and practice usif@SS

I
Drink

v

Trait questionnaire pack

v

(Sample and mood-based questionnaires 1)
Drink

.

Positive CBM-I training Sham CBM-I training

! !

(Sample and mood-based questionnaires 2)
Drink

'

Interpretive bias test

v

Pre-stressor STAI and VAS

v

Stressor

“Cognitive ability” tests x 3

v
Post-stressor STAI and VAS
v
— (Sample and mood-based questionnaires 3),
20 minutes| Drink
Time filled
~— (Sample and mood-based questionnaires 4)| watching Planet
) Drink Earth DVD
10 minutes; ¢

— (Sample and mood-based questionnaires 5Y
Drink

Figure 14.0verview of Study 5’s experimental design
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7.1.2 Participants

Participants were female students from Anglia Ruskiversity, Cambridge, who
were aged between 18 and@®5=21.14,SD=5.11) and reported having English as their
first or chosen language. Participants were restiutia an advertisement email, posters
displayed around the campus, or from the reseamstiering lectures to verbally advertise
the study. Students were invited to contact thearsher via email to complete a screening
guestionnaire (STAI-trait; Spielberger, Gorsuchshene, Vagg, & Jacobs, 1983). One
hundred and twenty six students who scored beloanBie STAI-traft were invited to
participate in the study, of which 83 accepted ygr8&TAIl-traitM = 37.16,SD= 9.57).
Owing to recruitment techniques, 92.77% of theipi@nt population were from the Faculty
of Science and Technology. Of that majority, 68.8¥4ticipants studied psychology as
either a single or combined honours pathway (55.84#gle, 12.99% combined), of which
62.26% were first years, 28.30% were second y&&55% were third years, and 1.89%

unspecified.
7.1.3 Materials

Questionnaires.Participants completed the GHQ-28, PSS-10, and Siitl(as
outlined in Study 1). Participants additionally qaeted the Test-Anxiety Inventory (TAI;
Spielberger, 1980), which is a 20-item questiorendasigned to quantify vulnerability to
situation-specific anxiety as well as pronenedseimome emotional and worry in response to
taking a test. Participants are required to rath &@m according to how they would
generally relate to such a situation on a four-pbikert scale ranging from JA{most nevey;
to 4 (Almost alwayk Items vary according to whether they refer triety experienced prior

to, during, or after an examination. An examplawftem on the TAIl iSEven when I'm

8 Specified as an ethical requirement.
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well prepared for a test, | feel very nervous abhtutResponses to items are reversed where
necessary and then summed to give an overall neea$test anxiety out of a possible 80
(minimal score of 20). Separate scores for woriy @motionality can also be calculated.
Scores from the TAI have been shown to correlatéwith alternate measures of test
anxiety, such as the Test Anxiety Scale (TAS; Sara$978) (Spielberger, 1980), and the

scale also demonstrates good internal consistensy42 - .96; Spielberger, 1980).

Each time participants gave a saliva sample, toeypleted the SACL and PANAS
(details of which can be found in Studies 1 andspectively). Participants additionally
completed the STAI-state and VAS measuring optimisappiness, distress, and tension (see
Study 1 for more details on these scales) prianihimmediately after completing the

pseudo intelligence test (stressor).

Saliva collection.Participants were issued with instructions on howive a saliva
sample with the use of Salimetrics Oral Swabs (S@3)assively hold the swab under their
tongue for 2 minutes without chewing or suckindecluding the practice sample,
participants gave five samples during the studyramitial baseline approximately 25-30
minutes into the study, a second baseline apprdgign@5-85 minutes into the study,
immediately after the stressor, and 20 and 30 ragatfter the stressor. Two baseline samples
were taken in consideration of the substantialqoeof time that had elapsed between the
start of the study and the stressor (approximdi2f+125 minutes). The third sample was
aimed at capturing any immediate sAA response,stvedmples 4 and 5 were aimed at
capturing recovered sAA levels and initial cortismdponse. Samples were stored in locked
freezers at -80°C following the session until nekfibe analysis, and were analysed for levels

of sSAA and cortisol. Further details of the assgypnocedure can be found in Chapter two.
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Interpretive bias training and testing. Interpretive biastraining (CBM-I). A
computerised training programme was delivered théhassistance of E-Prime software
(Schneider, Eschman, & Zuccolotto, 2002). Afterereing instructions and having a chance
to practice, participants were presented with ‘@hados that were presented in seven blocks
separated by short breaks. Each scenario was pedsame sentence at a time (with no title),
and depicted a situation that remained ambiguots @whether it was positive or negative in
nature until the final word which was presented agrd fragment for the participants to
solve. In the positive training condition, eachrsm was consistently resolved into a
positive situation, for exampl&As you work at each new example in a test you yioul are
not able to solve them in the time given. You asdtat you should be able to do the tasks
and the time allowed has therefore been carefiitysen so as to be i-p-ss-b—(impossihle)”
Alternatively, in the sham training condition tltisntingency was not apparent and scenarios
resolved into a positive and negative situatiog.(#e negative ending of the previous
scenario would end with the word fragméevou-h (enough)) with equal frequency. After
each scenario, participants were required to anawsenple comprehension question to
further impress the positive, negative, or newttaiment to the scenario. For example, the
comprehension question relating to the above smewnauld be“Do you think you should
finish in the time?’with the correct answer (yes or no) correspondintipé¢ prior resolved
meaning (i.e. positive of negative) of the situatiburing each of the seven blocks
participants were additionally presented with twerf scenarios that depicted a neutral
situation, e.g"You attend a schooldays reunion at your old caflemnd meet up with lots of
people you have not seen for some time. You spdaistof old friends and then decide to
get a drink. You go to the bar and when you refton find that some of your friends are

dancing to loud mu-ic (music)”
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Biastest. Participants completed an interpretive bias testlar to the one outlined in
Study 4. While the participant’s task remainedgsame, for the encoding phase 20 titled
scenarios were presented to participants that ibeskcsituations of being judged either
through a test (test anxiety) or by people you \wdoé trying to impress (social anxiety). For
example; The job interview. You applied for a job in a coamy you’'d really like to work in.
You are invited to an interview, where you answerduestions as well as you can.
Reflecting later, you think that the quality of yamswers decided the ou-com- (outcome)”
As in Study 4, participants were presented withrgpke comprehension question after each
scenario, for examphbid you think about your answers later?Again, after all 20
scenarios had been presented, participants wene@eddo recall each scenario on seeing the
title alone and rate four sentences accordingdw tecollection of the initial description. As
before, the four sentences included a positive(éod.“You think it was a good thing you did
not take the job}, a negative foil (e.g"You think your poor reference must have made a bad
impression’), a positive target (e.gYou think that your astute answers led to you bein
offered the job), and a negative target (e"§ou think that your poor answers lost you the

job™) interpretation.

Stressor.Stress was induced using an existing paradigmhébeen developed and
tested (Hoppitt, Mackintosh, Randall, & Bristow,den review; Mackintosh, Mathews,
Eckstein, & Hoppitt, in prep). The method encompadbree difficult computerised
cognitive tasks and employs an anticipatory tastuation. Participants were informed that
they would be completing three different compuéesks that measured cognitive ability or
intelligence (namethtelligence 1Intelligence 2 andintelligence 3. They were further
informed that the tasks were specifically desigeedhat an undergraduate considered to be
average in competence should be able to completeasiks without too much difficulty and

that this had been confirmed by recent pilotingheftasks on undergraduates from a nearby
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university (University of Cambridge). Participamisre informed that performance scores
would be automatically transmitted to a laptopugett the front of the room, which the
researcher would compile into an (non-anonymousgtdnat would be displayed on a large
screen following the task to allow participantsé® how they compared against their fellow
peers in the room. Participants were also inforthedl time allowing, those scoring at the
top and bottom of the performance table would lke@so reflect publicly on aspects of the
task they found particularly easy or challengingrtiéipants were given 10 minutes to
complete the tasks, with time warnings given atithké way point and when two minutes

were remaining.

In actual fact, the tasks did not measure inteice per se, had not been piloted on
University of Cambridge undergraduates, were sbetaoery difficult, and no scores were
automatically transferred. These misleading insions were given to encourage motivation
to a good performance, followed by feelings ofufeel and socio-evaluative threat. For the
first task (Intelligence 1), participants were givg/o minutes to memorise a series of three
digit numbers before being asked to recall thenkwacds, so 321 would need to be recalled
as 123. The second task (Intelligence 2) invohadigipants being given two minutes to
learn a series of 14 statements dictating rulegigng fictional creatures, sutall phrups
eat soists”and“knanges are phrups’Participants were then asked to identify a sarfes
correct phrases out of three options to accuraéflgct these rules. For the third and final
task, participants were set a series of difficaligrams to solve, e.faobtomh
(bathroom)”. For each anagram, participants were given a 8@nsks countdown in the
corner of the screen before automatically movingootine next one. This final task
(Intelligence 3) included a total of 51 anagramshthe intention of preventing any
participant from completing the three tasks ingbe10 minutes to further induce feelings of

failure.
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7.1.4 Procedure

Ethical approval was obtained from the NHS Resektbits Committee. Study
sessions were run in groups of up to 11 particpantAnglia Ruskin University campus.
Each session started at 1pm on weekdays and weekaddook three hours to complete.
Participants were issued with an honorarium ofegiB20 or 3 research credits (for
psychology students). Participants were askedftainefrom eating, drinking (other than
water), and smoking for 30 minutes prior to thedgtuand to abstain from undertaking
vigorous exercise for 90 minutes prior to the st@rt entry, participants were given
information sheets and verbally briefed on the gioribr to signing consent forms. To start,
participants were taken through the process ohgia saliva sample, including information
on sample tracking, before giving practice sampfter this and each subsequent sample,
participants were given a cup of mineral watergioydrate them and optimise successive
sample quality. Participants then completed thié queestionnaire pack (titleQuestionnaire
Pack 1, which included the GHQ-28, TAI, STAI, and PSS-T@e first (non-practice)
sample was then given, during which participantagleted the SACL and PANAS.
Participants then completed the CBM-I training (eai@omputer task )1 Participants
completed either a positive or a sham training @geraccording to their participant number
which was assigned on entry to the study on adoste first served basis. All even
participant numbers received positive training,le/aill odd participant numbers received
sham training. Participants were given 45 minutesoimplete this task, after which the
researcher moved the group on to give a secondlsamg second set of SACL and PANAS
scales. After this, participants completed an prgtive bias test (labelledomputer task 2
Participants then completed the STAI-state and WA& to receiving instructions for and
completing the ‘Cognitive ability’ tasks (CATS). flewing the 10 minute limit for the CATS,

participants were instructed to stop and switchtugir computer screens before completing a
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second set of STAI-state and VAS. Participants tfere their third sample and completed
the SACL and PANAS. At this point the researchéorimed the group that there had been a
technical error meaning that not all data had lesrsferred successfully therefore, in
consideration of fairness, the performance evalnattage would be skipped. While waiting
for time to elapse before the final two samplestigpants sat and watched a Planet Earth
DVD (seasonal forests). After the fifth sample,tpgpants were verbally debriefed and given
a written summary of the debrief form, both of whirevealed all deception and detailed the
aims of the study. After this, participants werkegkto sign a re-consent form, in
acknowledgement of the masked elements to the sthdn they initially gave consent.

Participants were finally thanked and recompensethi study.

7.1.5 Data Analysis Plan

Data was explored to ensure it met the assumptibparametric testing. Participant
characteristics were compared between groups taon@my potential confounds. To test
the study hypotheses, repeated measures ANOVAsawerkicted on the relevant dependant
variables (e.g. reported stress, cortisol conceatraetc) with time as a within-subjects
factor. In line with the findings from Hoppitt, Meiatosh, Randall, & Bristow (under
review), the influence of test anxiety was includedll analyses that tested the effects of the
stressor and the influence of CBM-1. Owing to a Bsisbsample of participants who
underwent the stressful tadk € 20), test anxiety was originally considered cadya
covariate in Hoppitt et al.. By recruiting more f@pants and using a within-subjects design
in terms of the stressor task, the present studyalée to subject the data to a median split to
produce a relative high and low test anxiety samfiés post-hoc split was entered into the
ANOVA as an independent variable with conditiongpi@e or sham training) as the other
independent variable. Main effects of time are rggbthough not necessarily explored

where they were qualified by time x condition iietions. For ease of clarity, main effects
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of group or test anxiety, time x test anxiety anoug x test anxiety interactions, and three-
way (time x group x test anxiety) are largely reparted unless significant or relevant to the
point of note. Where appropriate, a priori and guast testing was conducted using paitred

tests with Bonferroni corrected alpha levels.
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7.2 Results

7.2.1 Data Exploration

Ten participants’ data were removed from all analgsie to the participants not
completing the CBM-I training within the set 45-mte period. One additional participant’s
data was removed owing to them rushing througtctimeputer tasks and questionnaires. Of
the 72 sets of data included in the analysis, 3tqu@ants were in the positive training

condition and 36 participants were in the shammingi condition.

Cortisol concentration and sAA secretion data veeitgected to log transformation to
successfully normalise the distribution of the dathanalyses were conducted using logged
data, however graphical representation of the maadsneasures of variation are presented

using unlogged data.

7.2.2 Participant Characteristics

Separate univariate ANOVAS revealed no signifigifference between participants
in the positive and sham training conditions wilards to their trait questionnaire measures

(see Table 18).
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Table 18

Mean data for participant trait measures

Positive Sham
training training
F p

Measure Scale Mean SD Mean SD value value
Test anxiety TAI 38.56 13.22 4289 1428 1.79 .19
Trait anxiety STAI 37.31 9.47 37.24 10.21 .001 .97
Distress GHQ-28 46.44 8.75 4551 10.64 .16 .69
Perceived stress PSS-10 16.23 5.99 15.37 6.44 3357

7.2.3 Interpretive Bias

Data from the CBM-I training was not analysed otifian for accuracy. Participants
ranged from 70.24 — 96.43% in their overall abitdycorrectly answer comprehension
qguestionsi = 85.37%,SD= 6.08). A univariate ANOVA identified a significamain effect
of condition allocation on accuracy of comprehensjaestionst(1, 70) = 4.01p < .O5,r]|02
= .05, with participants allocated to positive tiiag scoring significantly higheM =
86.77%,SD= 6.30) relative to participants in the sham tragncondition M = 83.96%,SD=

5.59).

An interpretive bias index (IBI) score was calcathfrom the interpretive bias test
data in the same manner as discussed in Studys4, paired-tests were conducted to
distinguish whether participants successfully discrated between target and foil sentences
during the recognition task. Results revealed plaaticipants consistently rated target

positive items i = 2.87,SD = .38) significantly higher with regards to thescollection of
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how the sentence matched the original scenaritivelto positive foil itemsNl = 1.85,SD=
.34),t(71) = -19.85p < .001,d = 2.83. Participants similarly rated negative taiganms (M =
2.25,SD= .39) significantly higher in comparison to negatfoil items M = 1.49,SD=
.37),1(71) = -19.83p < .001,d = 1.99. Negative target ratings of sentences wee t
subtracted from positive target ratings of sentenogroduce an overall IBI score. A higher
score indicated a more positive interpretive bia#) lower scores signifying a stronger

negative interpretive bias.

A univariate ANOVA was conducted on IBI scores ngstondition as a within-
subjects variable, to determine whether training) been successful. As hypothesised, IBI
scores were significantly higher in the positivarimg group M = .77,SD= .59) relative to
the sham training groupA = .48,SD= .46),F(1, 70) = 5.38p = .02,np2 =.07. As
interpretive bias was measured after the CBM-htr, this result is taken to indicate that
training had been successful in improving inteligeebias (positive training) while not

affecting interpretive bias (sham training).
7.2.4 Psychological Response to Stressor and CBM-|

State anxiety.A 2 (condition: positive training, sham training® (test anxiety split:
high, low) x 2 (time of measurement: pre-stresst{stress) repeated measures ANOVA
revealed a significant main effect of tink€1, 49) = 93.73p < .OOl,r]p2 = .66. State anxiety
was found to significantly increase from an averaiyg6.28 SD= 8.84) to 47.603D=
10.37). There was also a significant main effedest anxietyF(1, 49) = 8.44p = .Ol,r]p2 =
.15, with high test-anxious individuals reportingrsficantly higher levels of state anxiety
(M =45.52,SD= 9.28) relative to low text-anxious individuaM € 38.83,SD= 8.15).
There was no significant main effect of gro&gl, 49) = 1.34p = .25,r]p2 =.03, and no

interactions were found to be significant (@italues > .12).
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Reported stressA 2 (condition) x 2 (test anxiety split) x 5 (tinp@ints: baseline,
post-CBM, post-stressor, stressor + 20 minutes s&nredsor + 30 minutes) repeated measures
ANOVA showed a significant effect of time on stréas measured through the SACL),
F(3.04, 200.67) = 44.2(, < .001,r]p2 = .40 (Greenhouse-Geisser). Paitr¢ests were used
to investigate the significant time main effectg($egure 15). There was no change in
reported stress between time points 1(-21) = -.10,p = .92,d = .01. A significant increase
in stress was found between time points #4l) = -8.94p <.001,d = 1.16, followed by a
significant decrease between time points §4) = 9.45p < .001,d = 1.16. A further trend
decrease in reported stress emerged between tims geb,t(71) = 2.02p = .05,d =.17,

from an average of 2.6 D= 3.63) to 2.04%D = 3.06).

Reported stress (SACL)
(03]

Baseline Post-CBM Post-stressor Stressor Stressor
+20 minutes + 30 minutes

Figure 15.Mean (and SE) reported stress throughout the gttallapsed across conditions)

A significant main effect of test anxiety was atswealedf(1, 66) = 44.20p < .001,
r]p2 = .40, with high test anxious individuals repogtsignificantly more stres$A= 5.03,SD
= 4.16) than low test anxious individuaM € 2.34,SD= 2.75). There was also a trend main

effect of groupF(1, 66) = 3.66p = .06,n,” = .05, with participants who completed positive
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training reporting more stress overd € 4.32,SD= 3.94) than participants who completed

sham trainingl = 3.06,SD= 2.97).

There was no significant time x condition interantiF(3.04, 200.67) = .3§ = .77,
Ny’ = .01, and no significant three-way interactib(8.04, 200.67) = .26 = .86,n," = .004.
A trend time x test anxiety split interaction emesatg-(3.04, 200.67) = 2.3 = .08,r]|02 =
.03. Exploration of this time x test anxiety tremds carried out by running repeated
measures ANOVASs on data from high and low test@mparticipants separately. For both
high test-anxious (H-TA}(3.28, 111.47) = 28.2(, < .OOl,r]p2 = .45, and low test-anxious
(L-TA) individuals, F(2.20, 74.81) = 20.1% < .001,r],[,2 = .37, a significant main effect of
time was identified. Paireigtests showed no significant change in reportezsstbetween
time points 1-2 for either higt(34) = .48p = .64,d = .09, or lowt(34) =-.92p = .37,d=
.14, test anxious individuals. A significant incsean reported stress was found between time
points 2-3 for both sub samples, H-Tif34) = -7.48p < .001,d = 1.44, L-TA:t(34) = -5.04,
p <.001,d = .95, followed by a significant decrease betwemnes 3-4, H-TAt(34) =
7.36,p <.001,d=1.29, L-TA:t(34) = 5.65p < .001,d = 1.12. Participants low in test
anxiety showed no difference in reported stressiflime points 4-5t(34) = .36,p =.72,d =
.04, while high test anxious participants showéetad decreas®(34) = 2.09p = .04,d =
.28 (see Figure 16). From Figure 16, and consideaha significant main effect of test
anxiety, it seems that the trend interaction betwere and test anxiety split emerged from
high test anxious individuals appearing to be shjgimore responsive to the stressor relative
to low test anxious individuals. To support thigiel statistically, univariate ANOVAs were
conducted with percentage change scores as thedmesariable and test anxiety split as
the between subjects variable. There was no méaotedf test anxiety on stress change
scores between measures 1-2, 3-4, or 4-F-(adllues < 1). A trend main effect of test

anxiety was found for stress change between meageBe-(1, 47) = 3.01p = .09,r]p2 =
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.06, with H-TA participants reporting a greatercpa M = 3.69%,SD = 4.40) relative to L-

TA participants 1 = 1.81,SD= 2.64).

12

10

High test anxious

/ / T\ \\ = = Low test anxious
4 F\f // \‘\ l\[
/ \
T,/ \
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Baseline Post-CBM  Post-stressor Stressor Stressor
+20 minutes + 30 minutes

Reported stress (SACL)
(o)}
_|

Figure 16.Mean (and SE) reported stress throughout the stadyrding to test anxiety score

Positive affect.A 2 (condition) x 2 (test anxiety split) x 5 (tinp@ints) repeated
measures ANOVA revealed a significant main effdédtroe on positive affect as measured
through the PANASE(2.84, 184.32) = 12.6§, < .001,n,° = .16 (Greenhouse-Geisser).
Pairedt-tests were used to investigate the significannneéfiect. A significant decrease in
positive affect was found between time points 1(2]) = 6.12p <.001,d = .52, from an
average of 23.685D= 6.87) to 20.243D= 6.49). No significant change in positive affect
was found between time points 2-3, 3-4, or 4-5gathlues > .09). No other main effects or

interactions were found to be significant (@italues > .15)

Negative affect.A 2 (condition) x 2 (test anxiety split) x 5 (tinp@ints) repeated

measures ANOVA revealed a significant main effédtroe on negative affect as measured
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through the PANASE(2.59, 168.59) = 20.9% < .001,r]p2 = .24. Paired-tests investigated
the significant main effect of time (see Figure,X@yealing no change between time points
1-2,t(71) = -.84p = .40,d = .11. A significant rise in negative affect wasntified between
time points 2-3§(70) = -5.08p < .001,d = .64, followed by a significant decrease between
time points 3-4{(70) = 7.01p <.001,d = .65, and 4-5{(71) = 2.67p = .01,d = .15.
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Negative affect (PANAS)

Baseline Post-CBM Post-stressor Stressor Stressor
+20 minutes + 30 minutes

Figure 17.Mean (and SE) negative affect throughout the s{adjapsed across conditions)

A significant main effect of test anxiety was atswealedf(1, 65) = 8.40p = .01,
npz = .11, with H-TA participants reporting signifiddnmore negative affectM = 13.78,SD
= 4.73) relative to L-TA individuald = 11.39,SD= 2.49). Further, a trend time x test
anxiety interaction was foun(2.59, 168.59) = 2.3 = .09,n,” = .03? No other main

effects or interactions were significant (@Nalues > .16).

Psychological response summanstate anxiety, reported stress and negative affect
all respond as hypothesised to the stressor, slgaaviracute increase. Reported stress and
negative affect appear to recover quickly fromrésponse. Following a decrease after

completing CBM, there is no change in positive eftaroughout the study. Participants who

° Upon further investigation, this trend showed shee patterns as was found in the stress datatr€hibis
suggested to be caused by the significant mairctedfegroup, hence further investigations are eported.
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have high test anxiety reported significantly mangiety, stress, and negative affect overall.

CBM-I training appeared to exert no influence toodional responses to the stressor task.
7.2.5 Physiological Response to Stressor and CBM-I

Cortisol concentration. A 2 (condition: positive, sham training) x 2 (tesixiety
split: high, low) x 5 (time points: baseline, p@BM, post-stressor, stressor + 20 minutes,
stressor + 30 minutes) repeated measures ANOVAcarducted with cortisol concentration
as the dependent variable. A significant time nediact was revealed (see Table 19R.21,
121.75) = 59.65 < .001,np2 = .52 (Greenhouse Geisser). Pair¢gists revealed a
significant decrease in cortisol between samplst@4) = 10.75p < .001,d = .66, and 2-3,
t(66) = 3.50p =.001,d = .26, and a trend decrease between samplef@3»=1.99p =

.05,d = .11. No change was observed between sample§@44~=.11p =.92,d = .01.
Table 19

Mean (ug/dL) and variance of cortisol concentrattbroughout the study

Baseline Post- Post- Stressor + Stressor +
CBM stressor 20 30
minutes  minutes
Mean .22 15 A2 A2 A2
SD 19 .09 .06 .06 .06

No significant main effect of test anxiety was itiged, F(1, 55) = .34p = .56,r],;,2 =
.01, though a trend condition main effect emerg€d, 55) = 3.01p = .09,r]|02 = .05, with
participants in the sham training group showingtgly higher levels of overall cortisdW(=
.15ug/dL,SD=.07) compared with participants in the positirarting group ¥ = .14ug/dL,

SD=.11). No significant time x condition interactidf(2.21, 121.75) = .3 = .71,np2 =
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.01, or time x test anxiety split interactidf(2.21, 121.75) = 1.8 = .16,r]|o2 =.03, was
identified, though a significant three-way timeoadition x test anxiety interaction emerged,

F(2.21, 121.75) =3.2h = .04,r]p2 = .06 (see Figure 18).

0.32

0.27

0.22

0.17

I . <o 1 I
- \ ...................
S E ez
0.12 i - . r xR0tk +

Cortisol concentration (ug/dL)

0.07
Baseline Post-CBM Post-stressor Stressor + 20 Stressor + 30
minutes minutes
== . Positive training / Low test anxious Positive training / High test anxious
------ Sham training / Low test anxious = == Sham training / High test anxious

Figure 18.Demonstrating the significant three-way interacfitame x condition x test

anxiety) for cortisol concentration.

To explore the three-way interaction, a series @andition) x 2 (test anxiety split) x
2 (time points) repeated measures ANOVAs were coteduwith cortisol data comparing
time points 1-2, 2-3, 3-4, and 4-5 (separatelythasdependent variable (see Table 19 or
Figure 18 for a reminder of time points). A sigoa#nt main effect of time was identified

between time points 1-2 (baseline — post-CBM},, 59) = 151.79% < .OOl,rlp2 = .72, which
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was qualified by a significant three-way time x diion x test anxiety interactiof(1, 59) =

12.79,p = .001,n,° = .18.

To explore the three-way interaction separate tepgeaeasures ANOVAs were
conducted on high and low test anxious participatat individually, using condition (sham
training, positive training) as a between subjéatsor and time point (1-2) as a within
subjects factor. For low test anxious individuétgre was a significant main effect of time
on cortisol concentratior(1, 28) = 93.74p < .001,r]|o2 = .77, which was qualified by a
trend time x condition interactiof(1, 28) = 3.05p = .09,r]|02 = .10 (see Figure 19). Paired
t-tests showed a significant decrease in low tegbas participants who experienced both
positive,t(17) = 7.38p < .001,d = .60, and sham training11) = 6.17p < .001,d = 1.64,
though Figure 19 seems to show a marginally stedgeease for low test anxious

participants who receive sham training.
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Figure 19.Mean change (and standard error) in cortisol canagon between time points 1-
2 for low test anxious participants.
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For high test anxious participants, a significaain effect of time on cortisol
concentration was found between time points E(2, 31) = 61.00p < .001,r]|o2 = .66,
which was qualified by a significant time x conditj F(1, 31) = 10.90p = .002,r]p2 = .26.
Pairedt-tests revealed a significant decrease in cortagdhigh test anxious individuals who
received either positivé(1l1l) = 7.77p < .001,d = .66, or sham training(20) = 3.55p =
.002,d = .45, though Figure 20 suggests a steeper dedreasdisol in high test anxious

individuals who received positive training.
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Figure 20.Mean change (and standard error) in cortisol aotnaBon between time points 1-
2 for high test anxious participants

A significant main effect of time was identifiedtix@en time points 2-3 (post-CBM —
post-stressork(1, 61) = 8.66p = .Ol,r]p2 =.12, evidencing a decrease in cortisol from a
mean of .15ug/dLD=.11) to .13ug/dL¥D= .07). However, no significant main effect of
time was found between time points 3-4 (post-stresstressor + 20 minute$)(1, 59) =
.02,p = .90,r1p2 <.001. No further significant main effects oraractions were found

between either of these time point comparisongp(alues > .15).
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A significant main effect of time was found betwdéne points 4-5 (stressor + 20
minutes — stressor + 30 minutesjl, 58) = 5.77p = .02,r],;,2 = .09, which was qualified by
a significant three-way time x condition x test @ty interactionfF(1, 58) = 5.85p = .02,
r]p2 =.09. To explore this three-way interaction separepeated measures ANOVA were
conducted on high or low test anxious participadé&gta, using condition as a between-

subjects factor and time as a within-subjects facto

For low test anxious participants, there was nai@ant main effect of timef(1,
29) = 2.65p = .12,n,” = .08, or conditionF(1, 29) = .80p = .38,n,” = .03, nor any
significant time x condition interactiof(1, 29) = 2.37p = .14,r],;,2 =.08. For high test
anxious participants, a trend main effect of timecortisol concentration was identified
between time points 4-5(1, 29) = 3.18p = .09,np2 = .10, which was further qualified by a
trend time x condition interactiof(1, 29) = 3.49p = .07,np2 =.11. Post-hoc investigations
using paired-tests support the visual interpretation (see E@ir). High anxious
participants who received positive training shotkead decrease in cortisol concentration,
t(11) = 2.15p = .06,d = .34 (Bonferroni corrected = .03), whereas high anxious
participants who received sham training show nanghan cortisol concentrations between

these time point4(18) = -.07,p = .94,d = .01.
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Figure 21.Mean change (and standard error) in cortisol canagon between time points 4-

5 for high test anxious participants

Cortisol summary. In support of the hypothesis, findings showed gmisicant main
effect of time in response to the stressor. Inrasttto the hypothesis, no time x condition
interaction was observed, implying that CBM-I tiagnhad no effect on cortisol response to
the stressor. However, some interesting pattermesgarelating to condition assignment and
test anxiety. Participants high in test anxietyetéd in their cortisol response between the
last two samples during the recovery phase, wilptbsitive training group showing a

decrease in cortisol while the sham training grsligwed no change in cortisol.

Alpha amylase secretionA 2 (condition: positive, sham training) x 2 (tesixiety
split: low, high) x 5 (time points: baseline, p&BM, post-stressor, and 20 and 30 minutes
post-stressor) repeated measures ANOVA was comdloctsAA secretion data. A
significant main effect of time was identifiefe(4, 188) = 3.38p = .02,r]p2 = .07 (see Figure
22), which was qualified by a trend three-way txnsondition x test anxiety interactioR(4,

188) = 2.09p = .08,n,” = .04.
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Figure 22.Changes in sAA secretion over the study (collapsedss conditions)

To explore the significant main effect of time arehd three-way interaction, a series
of 2 (condition) x 2 (test anxiety split) x 2 (tinpeints) repeated measures ANOVAs were
conducted with comparing time points 1-2 (baselpost-CBM), 2-3 (post-CBM — post-
stressor), 3-4 (post-stressor — 20 minutes pos$sir), and 4-5 (20 — 30 minutes post-

stressor).

For time points 1-2, a significant main effect ioi¢ was foundi(1, 57) = 5.88p =
.02,r]p2 = .10, showing a significant increase in sAA sgorefrom an average of
18.85U/min ED= 24.57) to 23.54U/minSD= 22.18). No other significant main effects or
interactions emerged (gllvalues > .10). No significant main effects or iafgrons were

identified between time points 2-3 (plivalues > .10).

Between time points 3-4, a main effect of time waentified, F(1, 54) = 10.00p =
.003,r]p2 = .16, showing a significant decrease in secrdtimm an average of 26.72U/min
(SD=29.78) to 21.73U/minSD = 25.59). No other significant main effects or matgions
were found (alp values > .30). Between time points 4-5, no sigaiiicmain effects of time,
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condition, or test anxiety, nor any significant ém condition/test anxiety or condition x test
anxiety interactions were found (glivalues > .14). However, a significant three-way
interaction between time, condition, and test agelit was identifiedF(1, 51) = 5.43p =
.02,r],;,2 =.10. To further explore this, separate repeatedsures ANOVAs were run on sAA
secretion data from low and high test anxious igials using condition as a between-
subjects factor and time as a within-subjects fa¢tor high test anxious individuals, no
significant main effects or interactions were rdgddallp values > .56). For low test
anxious individuals, there was no significant mefitect of time,F(1, 26) = .02p = .89,r],;,2
=.001, or conditioni(1, 26) = 1.14p = .30,r]p2 = .04, though a significant time x condition
interaction was identified;(1, 26) = 8.22p = .Ol,np2 = .24. Paired-tests revealed no
significant difference between the two time poiiatsiow test anxious individuals who
received sham training(,10) = 1.51p = .16,d = .33. However a significant increase in SAA
secretion was identified between the time pointewtest anxious individuals who received
positive trainingf(16) = -2.80p = .013,d = .34, from an average of 14.24U/mB=

16.69) to 16.68U/mingD= 13.78).

Alpha amylase secretion summary. No change in sAA secretion was observed
between samples 2-3 following the stressor, whigipsrts the hypothesis. However no time
x condition interaction was revealed, which fadstipport the hypothesis. These findings
suggest that CBM-I training has no effect on sAsp@nse to stress. The secretion rate of
SAA significantly increased following CBM-I trainjnand decreased 20 minutes after the
stressor. For low anxious individuals who had reegipositive CBM training, a further

significant increase was found between 20 and 3futes after the stressor.
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7.3 Discussion

The hypothesis that positive CBM-I training woladd to reduced emotional and
physiological vulnerability to stress was largebt supported. Condition allocation (sham or
positive training) had no influence on psychologmaphysiological responses to the
imitation cognitive ability tasks. However, in lingth the predicted response, there was a
trend for higher levels of cortisol and significigngreater levels of reported stress overall in

participants who received sham training as oppts@ositive training.

Though not forming part of the initial hypothegise data suggests that the process of
completing a single session of CBM-I training irfhced psychological state. Positive affect
was found to decrease significantly over the 45e@nraining period. Cortisol was also
found to decrease during this time, while SAA wasd to increase, however these
physiological patterns are likely due to the ndtdnarnal variations that would be expected
in the afternoon (Kirschbaum & Hellhammer, 1989téMaRohleder, Schlotz, Ehlert, &
Kirschbaum, 2007). Condition allocation was notwhao interact with the decrease in
positive affect, suggesting the changes occurredsponse to completing the task rather than
training content (i.e. positive or sham). This figlimplies that completing CBM-I training
led to short-term negative psychological effectswdver, no increases in negative affect or
stress were observed, suggesting that while pesiivod might have been decreased,
negative mood was not increased. This is an impbfitading in terms of participants’
willingness to complete such training in a rea Betting. In a pilot study, Brosan, Hoppitt,
Shelfer, Sillence, and Mackintosh (2011) colleatddrmation regarding the acceptability of
both CBM-A and CBM-I training procedures. CBM-A wasrceived by some as “boring”,
while CBM-I was seen as more helpful in making jegrants (who were clinically anxious)
more aware of their negative thinking styles. Hogreyparticipants in Brosan et al.’s study

were given prior information alerting them to tlaetfthat the tasks were designed to
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(positively) change their thinking styles. There&focompliance might possibly have been
greater in their sampl&(= 12), as completion of the tasks had some imglerdonal

benefit. In the present study, however, participavgre not informed that the tasks were
designed to modify cognitions, therefore they miggwe viewed it more similarly to the
CBM-A training (i.e. repetitive and without purpgs&aken together, these findings
demonstrate that participants appear to requireesoptivation to complete the tasks, either
through payment (present study) or perceived pdggiaal benefits (Brosan et al.’s study),
though the momentary effects on mood can be qifiereht. Supposing CBM training is
considered boring, compliance regarding trainiegifiency in a clinical setting is likely to be
significantly reduced in people who struggle to mb@in motivation as a side-effect of their
condition (e.g. people suffering from depressidimerefore future research might look to

address these issues by making training sessianesbr more varied.

The finding that CBM-I training failed to amendypbological responses to an acute
laboratory stressor is surprising given the amadititerature that has documented such a
response (e.g. Mackintosh, Mathews, Yiend, Ridgew®agook, 2006; Yiend, Mackintosh,

& Mathews, 2005). However, it is important to ntitat the majority of previous studies
isolating such an effect have included a negatai@ing condition whereas the current study
employed the use of sham training. Consequenttyditierences between the two groups
might have been somewhat muted compared to twoittmmglthat train in entirely opposite
directions. The use of sham training in preferelaeegative training was justified through
ethical considerations. Prior research has confirthat negative training is successful in
training a more negative bias (e.g. Mathews & Matrdsh, 2000). As the enduring effects of
even a single session of CBM are being recognised Klackintosh et al., 2006), it seems
ethically irresponsible to continue using negatragning in research. In acknowledgement of

the absence of training effects being apparent wbemparing positive with sham training,
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future research might seek to resolve these etbaraterns in other manners. For example,
the use of negative training might be more accéptatsuming efforts are made to

extinguish any enduring effects (e.g. subsequditedg of positive training).

Similar to the findings of Study 4, evidence emeérgesuggest that interpretive bias
training might be linked more with how participantsover from acute episodes of stress,
rather than the extent of their initial responsewver, in the current study these patterns
were dependent on trait levels of test anxietyti€fpants who had high levels of test anxiety
and who completed positive CBM-I training were fduo show a trend decrease in cortisol
between the final two samples. Alternatively, tthéxrease was absent from high anxious
participants in the sham training group and frohtoaV anxious individuals. These findings
might be interpreted to suggest that positive ingimided recovery from the stressor, but
only when participants reported high levels of testiety. At the same time, participants
with low levels of test anxiety who received pogtiraining showed a significant increase in
SAA secretion between these final two samples. 84MA secretion was shown to recover
from the stressor between the previous two samhissfinding might still signal some
interference in recovery. Taken together, this sstgthat high test anxious participants
recovered quicker following positive training whitav test anxious individuals recovered

more successfully following sham training.

To date no study has investigated the physiolbgitacts in response to stress
following interpretive bias training. The only pigiled study that has investigated CBM-A
and the physiological stress response providesaualto suggest that positively-trained
attentional biases lead to a reduced physiologezadtion to stress (Dandeneau, Baldwin,
Baccus, Sakellaropoulo, & Pruessner, 2007). Thsih with the few published studies that
have looked at natural attentional biases andltlgsiplogical stress response (e.g. Fox,

Cabhill, & Zougkou, 2010), who have also documentdidences in terms of initial response.
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However, while evidence from Study 4 and that presshere implicate interpretive biases
in the recovery stage following stress, it is nasgible to state that attentional bias does not
additionally influence in this stage. Study 4 fdite find evidence of any influences of
attentional bias, however Fox et al. only monitatteglinitial response stage to stress without
including a recovery/follow-up measure. Furthers ipossible to interpret Dandeneau et al.’s
results as evidence either for a reduced resparasejaicker recovery (or both). Dandeneau
et al. took measurements of cortisol throughoutttheking day to assess any shift in general
levels of work stress. Their finding of reduced m@lecortisol following CBM-A training

might therefore indicate either a reduced initeponse to stressors or an improved
recovery. Consequently, either explanation wousdiitan the observed overall lower levels
of cortisol. In terms of the method’s clinical potal, both helping to reduce the initial
propensity to engage with negative stimuli and enaging effective recovery from instances
of stress should logically produce beneficial outes. Nevertheless, further research should
aim to provide a clearer understanding of the aoéasluence in which bias training might

be effective.

An obvious limitation to the current study is tHesance of any measure of
interpretive bias prior to the training. This wasiatentional omission in light of the already
lengthy time commitment required from participaitaunivariate ANOVA on IBI scores
showed that, following CBM-I training, participaritsthe positive training condition had a
significantly more positive interpretive bias comghto sham-trained participants. This was
taken to indicate that training had been success$plecially considering the finding of no
significant differences between conditions in tragasures of general or test specific anxiety.
However, it is recognised that this deduction caly ever be supposed and not conclusively
drawn without a baseline measure against whictotapare. Therefore, while this

assumption is still held, a future study aimindiudher explore the interpretations drawn
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here might be advised to alter the design to inm@fe a baseline bias measure. This might
reasonably lead to the study being conducted onenger of sessions to avoid fatigue

effects.

To summarise, the present study successfully adapstressful task to investigate
the influences of training an interpretive biastlo@ psychological and physiological stress
response. While no evidence emerged to supporique¥indings of CBM-I training
reducing emotional vulnerability to stress, theasviurther indication to support previous
suggestions that interpretive biases influence &ffiwiently people recover (on a
physiological scale) from stressful events. Furtiesearch is necessary to clarify interactions
that emerged implicating trait anxiety (specifidhe test) in this relationship. Of practical
significance, research is also recommended to figpads methods of making the training
more enjoyable to optimise the chances of peopi@@po complete the tasks without

obvious forms of compensation.
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8.0 CHAPTER EIGHT: STUDY SIX

Testing the immediate robustness of a single sesgi€BM training

193



CHAPTER EIGHT

Overview

Findings from Study 4 indicate a tentative linkvee¢n an individual’s cognitive bias
and aspects of their physiological response toeastess. Specifically, interpretive bias was
found to predict recovery of SAA secretion follogiparticipation in an online simulated live
web chat. Furthermore, Study 5 demonstrated thadcbgf training participants toward a
more positive bias on the physiological response stressor. Participants who received
positive CBM-I training showed trend lower levefscortisol over the study relative to
participants who completed sham training. Furtherinteraction between trait test anxiety
and training emerged. Participants with higher lewé test anxiety appeared to show
improved recovery from a stressful episode follayyrositive CBM-I training. Alternatively,
low test anxious participants were argued to recbeéer following sham training. The
findings from these studies do appear to providéteve evidence supporting the role of
cognitive bias in the physiological stress respohlsvever, it is difficult to draw general
conclusions relating to the actual utility of CBMbpedures in real life based on these
findings. For example, little can be said regardimglongevity of the training effects other
than to say that an individual’s response to asstreappears to be influenced by training
when the stressor is presented immediately afiéritrg. A review of the literature suggests
that comparatively less attention has been giverdearching factors, such as longevity,
relative to the amount of time spent exploring pléential of CBM in different populations
and situations. Given the apparent importance ghitiwe bias in the stress response, this
study seeks to conclude the experimental researtths thesis by investigating the ease with
which interpretive and attentional biases are iedugnd their robustness in the face of

adversity.
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Introduction

In 1986 MacLeod, Mathews, and Tata documented wikatow consider to be the
characteristic inverse relationship between anxaety bias, where participants who have a
more negative attentional bias (i.e. those whogpegitially attend to threatening stimuli over
positive stimuli) typically have higher levels abaety than participants with a more neutral
or positive bias. Other pioneering studies were abldemonstrate that modifying either
attentional or interpretive biases had consequegffiects on anxiety levels (e.g. Grey &
Mathews, 2000; MacLeod, Rutherford, Campbell, Ebsiwyo & Holker, 2002; Mathews,
Richards, & Eysenck, 1989). Following these influgrinitial studies, the focal point of
research in this area appears to have rapidly pssgd onto more complex explorations,
such as investigating the effectiveness of CBM iiaraye of clinical disorders. For example,
we now know that CBM methods are effective in inyimg negative biases (by making them
more positive) in normal, high and clinically anugosamples (e.g. Amir, Weber, Beard,
Bomyea, & Taylor, 2008; See, MacLeod, & Bridle, 208chmidt, Richey, Buckner, &
Timpano, 2009). Indeed, one study focusing on iddi&ls with Generalised Anxiety
Disorder found that 50% of participants who had plated eight sessions of CBM-A over a
four week period no longer met the diagnostic datéor the disorder, relative to 13% of

participants in the control condition (Amir, BeaRlrns, & Bomyea, 2009).

Research interests are also increasingly focusingoav modifying biases can change
individuals’ physiological responses to stress. &ample, Dandeneau, Baldwin, Pruessner,
Baccus, and Sakellaropoulo (2007) showed how cdioplef an attentional modification
procedure once a day for five days resulted inehesed levels of cortisol in a group of
telemarketers, relative to those who completedndrobtask. Findings from work presented
in this thesis (Studies 4 and 5) additionally supgte notion of a relationship between both

natural and trained biases on how individuals piggically respond to stressful aspects of
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their environment. Both studies, for example, pted evidence to suggest that interpretive
biases might influence physiological recovery sasdellowing a stressor, which seems
consistent with recent research investigating ¢he of bias training on the physiological
stress response (Baert, Casier, & De Raedt, 28&1ith findings are important both for their
theoretical and clinical significance, by enablangetter understanding of the effects of
natural and manipulated biases which, ultimateightlead to the development of a clinical
tool. It seems, therefore, that the experimentsigies and concepts are expanding at an
exponential rate in attempts to understand biasé®aplore the potential of associated

training techniques.

In the excitement of exploring the potential ofgaeechniques, certain important
considerations relating to the validity and religgpiof the methods appear to have either
been overlooked or only modestly investigated. &s@mple, the method most commonly
used to test an interpretive bias, the recognitst, has only very recently been validated as
an appropriate manipulation check (Salemink & van Hout, 2010a). As another example
of a basic yet necessary investigation, Yiend, Naokh, and Mathews (2005) only
relatively recently demonstrated how the effecta single training session endure over a 24-
hour period. Mackintosh, Mathews, Yiend, Ridgewayd Cook (2006) extended this by
finding that the effects of training were maintalraespite changes between training and
testing phase contexts (testing room and modalipresentation). This was a critical finding
in furthering the technique’s clinical potentialcb@se it suggests that the effects of CBM
could generalise outside the laboratory. Furtheentioese researchers showed how, on the
second day, preserved training effects were stemogigh to influence responses to a stressor
task to a level that would be expected had thestrebeen exposed immediately after initial

CBM training. The effects of multiple sessions &M have also been investigated, with
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evidence suggesting that following four sessionsadhing the effects endure for one week

(Mathews, Ridgeway, Cook, & Yiend, 2007).

A further important point that appears to have hieérally overlooked is whether
fluctuations in mood interferes with inferred tiaig effects. It is surprising that this issue has
only recently been addressed, given that critiagheffield commonly refer to this as a major
weakness of the area. Salemink and van den HolilOf)@&xplored this question and found
interpretive bias modification to be independenthianges in mood. In support of this
conclusion, research that starts to identify pHggiieal changes following CBM are also
increasingly able to rule out the presence of sleshand effects in addition to obtaining a

better command of the breadth of the training’sypse.

These types of studies, while relatively basic emsbome extent logically assumed,
remain necessary in order to justify the investnoémésources into the development of CBM
as a readily accessible clinical tool. The curstatly aims to focus on a still largely
neglected issue; investigating the robustnesssoigle session of CBM training. This issue
is essential in order to assess the durabilityaohing for methodological reasons, such as
how best to structure training sessions. Furtheentbe results of this study will also provide
insight into the potential longevity of the widenggng effects of CBM training, such as how

long the protective effects (both psychologicaltyg g@hysiologically) might be evident for.

It is currently known that, for individuals suffag from Social Anxiety Disorder,
clinical improvements following attentional biaaitring are maintained at a 4-month follow
up (Schmidt et al., 2009). For unselected partitipat is known that the effects of a single
session of CBM can last at least 24 hours (Yieral.e2005). However, no direct attempts
have been made to extinguish the effects of trgiduring the time between training and

testing a bias in these studies. It is therefosside that the effects of training remain
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apparent when tested at a later date becauselhtheedbeen few opportunities that challenge
the training during this interluding time. Thisaspecially likely for Yiend et al.’s study, due

to the relatively short interval (24-hours) betwéeining and testing a bias.

The current study will therefore expose a freshdynied bias to an equal amount of
untraining® with the aim of determining how impervious newlgined biases are. Study 6a
will focus on attentional bias and Study 6b wiltés on interpretive bias. For both
experiments, participants will complete three bésts; one for a baseline measure, one
immediately after training, and one immediateleaftintraining’. It is hypothesised, firstly,
that training will be effective in both experimentghich will be evidenced by a significant
increase in bias index scores (attentional or pmegive) from test 1 to test 2 indicating a
more positive bias. Secondly, the effects of tragrare predicted to generalise from training
material to new material, which will be evidencedificreases in positive bias index scores
in both old and new test stimuli at test 2. Thirdipm the current literature that shows a
persistence of training effects up to 4 monthfeihg initial training, it is hypothesised that
untraining will be ineffective in extinguishing tnéng effects, which will be evidenced by no
change in bias index scores (attentional or in&giye) for either stimuli type (old or new)

from test 2 to test 3.

191t is acknowledged that this ‘untraining’ phase laapurpose of testing a freshly trained bias eratthan
specifically aiming to extinguish a bias with dired counter training. For ease of expression, ainiing’ has
been selected for reference to this stage.
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8.1 STUDY 6A

8.1.1 Method

8.1.1.1 Design

This study utilised a repeated measures desigh,omié independent variable being
the time of CBM test (pre-training, post-trainiragd post-untraining) (see Figure 23). The
dependent variable was the participant’s reactioe to respond to targets presented behind
either negatively valenced or neutral words, whies condensed to a single attentional bias
index (ABI) score. To calculate ABI scores, medieaction time (in milliseconds) to
respond to probes behind positive words was suettdoom median reaction time to
respond to probes placed behind negative wordsrdhating index score provided a
measure of attentional bias that represented ancanits variable, with a more positive score
indicating a more positive bias and vice versasThethod was adapted from Macleod et al.

(1986), and is a common technique used in morenteesearch.

8.1.1.2 Participants

Participantsl = 39; 28 females) consisted of staff and studertiseaUniversity of
East Anglia, who were recruited through bulletinedmdvertisements, departmental and
university-wide website advertisements, and stunBtgrs placed across the campus. The
sample was aged between 18 and 60 and mean txatyalevels of the sample was 44.32

(SD=10.12).
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Trait and mood-based questionnaires|1l

!

e Attentional bias test 1

v

Positive CBM-A training

v

Attentional bias test 2

v

Bias extinguishing phase

v

\ Attentional bias test 3

l

Trait and mood-based questionnaires|2

All integrated into
one program

Figure 23.0verview of Study 6A’s experimental design

8.1.1.3 Materials

CBM-A test/train program. The CBM-A test/train program was carried out on a
Windows computer with the aid of E-Prime softwé8el{neider, Eschman, & Zuccolotto,
2002). The program consisted of (a) an initialrdttaal bias test (a visual probe task;
Macleod, Mathews, & Tata, 1986), followed by (lpasitive attentional bias training phase
(adapted from MacLeod et al., 2002), (c) a secoas tfest, (d) an ‘untraining’ phase, and (e)
a final bias test. In its entirety, the programkt@pproximately 30 minutes to complete. Each
bias test consisted of 96 trials, whilst trainimgl aintraining phases consisted of 192 trials
each. There were six scheduled breaks througheuirtbigram, the length of which was

determined by the participant.
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For each trial participants had to respond to getaon a computer screen.
Participants were initially presented with a fixatipoint in the centre of the screen, a “+”
symbol, which then disappeared and was replacaéddyvords, one above and one below
the location of the original fixation point. Onetbke words was always semantically
neutral/positive whilst the other was always naggtalthough the positioning of the two
words (either above or below the fixation pointswandomly selected by E-Prime. Both
words disappeared after 500ms and either one odbtg(the target) appeared in the place of
one of the words. Participants were required tatilewhether there were one (*.”) or two
(“..”) dots present by pressing taéey or them key on the keyboard, which were labelled as
“1” and “2” respectively. For the bias tests andraiming trials the dots were positioned
behind the positive and the negative words withaéfrequency. However for the training

trials the dots were always positioned behind #nal/positive word.

Each CBM test/train program was counterbalanceafyusiur word lists that were
matched in terms of emotionality rating. Eachdishtained 12 words. Word lists were
rotated so that every word list was used bothaim @®nd untrain a bias and test a bias for
different participants. This counterbalancing teghe completed a full rotation after every
eighth participant. Participants were assigned rersiaccording to their entry to the study on
a first come first served basis. This number deirgechwhich CBM test/train program the
participant would be presented with according eodbunterbalancing schedule described
above. The computer program started with test fmmeyhich participants were presented
with 100% unseen word pairs. This was followedhmytraining phase, which was made up
of words used in the first test (50%) and wordsnfr new unseen list (50%). The second test
then consisted of half of the word pairs from tesind half words from a so-far unseen list.

The untraining phase used exactly the same worttsthe training phase but in a different
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order. Finally, test 3 was similar to test 2, witle same 50% of words sourced from test 1

and half unseen words.

Questionnaires.Both before and after completing the CBM testi@amputer
program, participants completed the State Traitidiyxdnventory (STAI; Spielberger,
Gorsuch, Lushene, Vagg, & Jacobs, 1983), and tk#ivemand Negative Affect Scale
(PANAS; Watson et al., 1988). Both of these measare described in Studies 1 and 2

respectively.

8.1.1.4 Procedure

Ethical approval was obtained from the School afi8dNork and Psychology Ethics
Committee at the University of East Anglia. Pafasts were paid £6 to recompense their
time. Each session was run in groups of up to 1&cgzants in a computer laboratory on
campus, where each participant could sit at arviddal computer desk. Participants were
welcomed into the study and issued with an inforomasheet which they were asked to read
through. Once any questions were answered, andseebform signed, the researcher read
through an outline of the study in view of the fdwit, once started, participants would most
likely work through the session at different padearticipants were asked to start by
completing the first three questionnaires in theioklet, before completing the computer
task. Participants were told that the computer tasisisted of written instructions and a few
practice trials before the main task, and wererméal of the probable time taken to complete
the task in total. After completing the computeskigparticipants were asked to complete the
final three questionnaires and then alert the rebeathat they had finished the study. The
researcher then collected their paperwork and csthwem with a debriefing sheet and £6
compensation for their time and effort. Particiganwere permitted to leave the room once

they had finished, with overall session time ragdgnom between 35 and 45 minutes.
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8.1.1.5 Data Analysis Plan

Data was explored to check it met the assumpfangarametric testing. Repeated
measures ANOVAs were used to monitor changes irdnitm@ughout the study. To test the
study hypothesis, a series of repeated measuresVvAN@ere conducted on bias test index
data. Post-hoc testing was carried out using paitesks with Bonferroni correction where

appropriate.
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8.1.2 Results
8.1.2.1 Participant Characteristics

Neither traitF(1, 35) = 1.32p = .26,11|02 = .04, nor state anxieti(1, 32) = .13p =
.73,np2 < .01, was found to change throughout the stuagdtlve affect was also found not
to change significantly;(1, 38) = 1.08p = .31,1]p2 = .03. However positive affect was found

to significantly decrease over tinfg(1, 38) = 48.83p < .001,r|p2 = .56 (see Table 20).

Table 20

Descriptive data for participants across the study

Time 1 Time 2
Mean SD Mean SD
Trait anxiety 44.22 10.26 43.69 11.33
State anxiety 37.15 10.49 37.67 8.29
Positive affect 30.18 6.31 25.49 8.59
Negative affect 1449 551 13.85 3.54

8.1.2.2 Data Cleaning

Individual trials for which participants failed tmrrectly identify the probe were
removed from analysis (3.77% total data: test 127%, test 2 = 3.22%, test 3 = 3.81%), as
were trials with a reaction time of less than 20dDiseconds or greater than 2000
milliseconds (a further 0.20% total data: test@.28%, test 2 = 0.55%, test 3 = 0.28%) in
line with previous research (e.g. MacLeod et &Q2 Koster, Crombez, Verschuere, & De
Houwer, 2004). Overall, this meant 3.97% of thaltdata was removed from analysis (test

1: 4.54%, test 2: 3.28%, test 3: 4.08%).
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8.1.2.3 Training Effects

A one-way repeated measures ANOVA was run with {itest 1: pre-training using
ABI scores from all words; test 2: post-trainingngsABI scores from ‘old’ words only;
test 3: post-untraining using ABI scores from olorgls only) as a within subjects variable.
There was no significant main effect of tink€2, 76) = .58p = .57,11|02 =.02, thus
suggesting the training was ineffective in imprayiBI scores (see Table 21). A repeated
measures ANOVA was conducted with time (test 1:tpaming, all words; test 2: post-
training, ‘new’ words; test 3: post-untraining, newsrds) as a within subjects factor to check
whether training had been effective in improvinglABores for previously unseen word
pairs. Again, no significant main effect of timesvfaund,F(2, 76) = .53p = .59,1],;,2 =.01.
This second finding is logical, given that trainnvgs found to be unsuccessful in making
participants quicker to respond to probes thaptaeed behind positive words (which would
be indicated by a higher positive ABI score) fdd'avords, that were used during test 1 and
training. As this indicates that the training wasffective, it would therefore be unlikely that
effects of training would be seen to generalise¢ov’ word pairs that had not previously

been used in test or training trials.

0ld’ word pairs are words that have been presetudHe participants before during training/untiagn
‘New’ words will forthwith refer to word pairs thdiave not previously appeared in the training/uning and,
as such, are novel to the participant. ‘All' womldl forthwith refer to a combination of ‘new’ aridld’ words
within a word list.
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Table 21

Mean (and SD) Attentional Bias Index scores fotgé&s2, and 3

Test 1 Test 2 Test 3

All word pairs Mean -4.64 -2.19 .53
SD 17.73 23.86 19.15

Old word pairs  Mean -0.71 2.62
SD 32.20 33.65

New word pairs Mean -9.71 -1.95
SD 51.26 21.91

Note.Lower numbers indicate a more negative bias aglleninumbers indicate a more

positive bias.

In a recent study, Amir, Taylor, and Donohue (20fbind that baseline measures of
attention bias were predictive of how receptivaviials were to an attention modification
program. Participants who started with a more negaittention bias were found to be more
responsive to training and were found to show batiprovements in generalised social
phobia symptomology. For this reason, it was detitdefurther look at the range of baseline
(test 1: pre-training) bias scores before drawimgfam conclusions regarding the efficacy

of CBM-A training.

8.1.2.4 Post-hoc Group Allocation

In the sample as a whole, bias scores ranged #0rb to 36.5 with a median score of
-4.50 M = -4.64,SD=17.73). Due to the broad range of natural ABIres, and in light of
Amir et al.’s (2011) finding, it was decided tonepectively divide participants into positive

and negative bias conditions based on a mediain Bpllowing this division, 20 participants
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were placed in the negative bias condition anddrfigipants were placed in the positive bias

condition'?.

There was no difference between the two groupsrmg of trait anxietyk-(1, 38) =
23,p = .64,1,° = .01, positive affecf(1, 39) = 1.30p = .26,n,” = .03, or negative affect,
F(1,39)=.59p = .45,11,;,2 =.02, on entry to the study. There was also faortok no
influence of condition allocation on change in theariables throughout the study (all
values > .13). Participants with a negative biasspeowever, found to have significantly
higher levels of state anxiety on entrance to thdysF(1, 35) = 5.85p = .02,1],;,2 =.15. This
was considered not to warrant cause for concelighhof the fact (as mentioned previously)
that there was no change in state anxiety througheustudyf(1, 31) = .10p = .75,1],;,2 =
.003, and no significant interaction between the tanditions and state anxiety throughout

the studyF(1, 31) =.10p = .75,n," = .003.

Effect and robustness of training A 2 (group: positive, negative starting bias) x 3
(test 1: pre-training using all words; test 2: pinaining using old words [previously used in
test/training/untraining] only; test 3: post-untriaig using old words) repeated measures
ANOVA was conducted to determine whether post-hoeig allocation influenced training
success. Whilst no main effect was identified ierall bias change over time(2, 74) = .56,
p= .57,np2 = .02, a significant interaction between group€tihler participants started with a
more positive or a negative ABI score) and time feasd,F(2, 74) = 5.24p = .007,11'02 =

2.

For participants starting with a positive bias,tgosc testing in the form of pairee
tests was conducted between tests 1-2, 2-3, an@bBparison of tests 1-2 examined

whether training had been effective, while compmarisf tests 2-3 and 1-3 investigated

121t is acknowledged that this ‘positive’ and ‘neigat starting bias is specifically relative to theerall range
of the group, rather than a generic classification.
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whether any effects of training endured the peabdntraining. No significant change in
ABI scores was found between tests 1-2, 2-3, ofdr-8ld (previously exposed), new (not
previously used) words, or all (old and new) waaép values > .10). However, a trend
level of significance was observed between tegsvhen looking at all word$(18) = 2.36,
p=.03,d=.79 (Bonferroni corrected = .017). As illustrated in Figure 24, and in lw#h
Amir et al.’s (2011) findings, this trend appearshow a less positive and more negative

bias following the positive CBM-A training.
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Figure 24.Mean change (and SE) in ABI score in participatdagisg with a positive bias

The same series of pairetests was conducted on ABI score data from pasdittis
who entered the study with a negative bias. Inghmaple, training was found to be
successful in inducing a more positive bias whengaring all words at test 1 with old
words at test 2(19) = -3.44p = .003,d = 1.19 (Bonferroni corrected = .0167), improving
mean ABI scores from -18.45D= 11.06) to 3.658D= 23.78). The same effect was also
evident when looking at all words at test 1 vemslgvords at test 19) =-4.10p = .001,d
=1.40, improving mean ABI scores from -18.8D(= 11.06) to 2.403D= 17.92). This

finding suggests that, considered together, trgiapears to successfully generalise onto

208



CHAPTER EIGHT

both old and new word pairs. The difference betwsdkand new words at tests 1-2 was only
found to approach significance in consideratiothefBonferroni correctiort(19) = -2.23p

= .038,d = .71, which implies that the training effects wstenger for word pairs that
participants had been previously exposed to redatwnovel word pairs. However, when
comparing ABI scores using all-old, all-new, anidadll word pairs at tests 1-3, a significant
difference was found between all comparisonsp(atlues < .016). Furthermore, the lack of
any significant change between any of the threawype combinations from tests 2-3 (all
values > .26) suggests that such improvements ins@&es are further maintained at test 3

and so appear to survive untraining (see Figure 25)
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Figure 25.Mean change (and SE) in ABI score in participatdagisg with a negative bias

Summary

When considered as one group, there was no efféeBM-A training. This was
counter to what was hypothesised. However, oncesgtctively divided according to a
median split of entering ABI scores, CBM-A trainihgd the hypothesised significantly
positive effect on participants who started withhare negative bias, which was maintained
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after untraining. Alternatively, and in contrastie hypothesis, participants starting with a

more positive bias showed no CBM-A training effect.
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8.2 STUDY 6B

8.2.1 Method

8.2.1.1 Design

This study employed a repeated measures desighpstaipants completed the
same test/train procedure (see Figure 26). Paahtspcompleted three CBM-I tests
throughout the session, pre-training, post-trainargl post-untraining (independent
variable). The dependent variable was the reatitio@ taken to solve negatively valenced or
neutral associate word fragments, which was coredeiméo a single interpretive bias index
(IB1) score. This was calculated in the same maasdor attentional bias index in Study 6a,
by subtracting reaction time taken by participdatsdicate they could solve the positive
word fragment from that taken to respond to negatrerd fragments in the same respect.
For the resulting IBI score, a larger positive n@mizpresents a stronger positive bias and a

lower negative number represents a stronger neghiis.

8.2.1.2 Participants

Forty participants, composed of staff and studantee University of East Anglia,
were recruited through the same techniques asinsgtddy 6a. All participants (27 females)
were aged between 18 and 60. Participants entieeestudy with levels of trait anxiety

averaging 33.033D= 9.25).
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Trait and mood-based questionnaires|1

!

4 Interpretive bias test 1

v

Positive CBM-I training

v

Interpretive bias test 2

v

Bias extinguishing phase

v

\ Interpretive bias test 3

l

Trait and mood-based questionnaires|2

All integrated into
one program

Figure 26.0verview of Study 6B’s experimental design

8.2.1.3 Materials

CBM-I test/train program. As in Study 6a, the program was delivered withaite
of E-Prime software (Schneider, Eschman, & Zuc¢o|®002) and consisted of (a) a
baseline interpretive bias test (adapted from @Grdfathews, 2000, using words from
French & Richards, 1992) followed by (b) a positingerpretive bias training phase, (c) a
second test, (d) untraining phase, and (e) firsl te total, participants took approximately
30 minutes to complete the program. Each biasctestisted of 32 trials, while training and

untraining consisted of 64 trials, and the progcamsisted of several scheduled breaks.

For each trial, participants had to solve a woagjinent that appeared after a clue

word on the computer screen. Participants wereuatgd to use the clue word to help them
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solve the word fragment. Each clue word was an emaithomograph; a word that has
multiple meanings depending on the context withimclv it is used. All homographs were
selected for having both strong neutral and anrateve strong negative interpretation. For
example, the wortlarms” might refer to the upper body limb (neutral) othe process of
equipping a person with weapons (negative). The bamograph remained on screen whilst
participants tried to solve the word fragment. iegrants were told the clue word was
designed to help them resolve the word fragmentygh were not explicitly informed that all
clue words were homographs. Participants were reduo press the spacebar on the
keyboard once they had resolved the word fragnaert were then instructed to locate and
press the letter key that represented the firssimgdetter of the word fragment. For bias
tests and untraining, positive and negative inttgtions of homograph clue words were
drawn on an equal amount of times. However, fortpasbias training, the word fragment

was consistently resolved into the positive assedianeaning.

Each test/train program was composed of six wistd, leach with 16 words that
additionally had four possible positive and fousgible negative associated word fragments,
so that all word lists were used both as training #&sting material. Each word list was
matched in terms of emotionality ratings and wastslwere counterbalanced across
participants. As with Study 6a, participants wessigned numbers (which determined their

counterbalanced rotation) on a first come firsvedrbasis.

For each participant, the first test was compos#gul00% unseen clue words
drawn from two of the six word lists. The posittvaining phase used 50% old (previously
seen) clue words and 50% new words from two monel\Wwsts. The second bias test used
50% clue words from test 1 and 50% previously unseards from the fifth list. Untraining
used the same clue words that were used in posisireng, though this time drawing on

both positive and negative associations of the lgyaph. Finally, the third test used the
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same 50% clue words that were used in the firsttésts, and 50% new clue words from a
final word list. Where a clue word was used moenthnce in the different phases of the
program (for example, in tests 1, 2, and 3) diffiéessociate word fragments were used each

time that were not necessarily of the same valasaan the previous occasion.

Questionnaires.As in Study 6a, participants completed the STAI dre PANAS
both before and after completing the CBM test/traimgram. Further details on these scales

can be found in Studies 1 and 2 respectively.

8.2.1.4 Procedure

Ethical approval was obtained from the School@ti& Work and Psychology Ethics
Committee at the University of East Anglia. Pafants were recompensed with £6 for their
time and effort. The procedure was primarily theeas in Study 6a, with the exception that
the interpretive CBM test/train program being useglace of the program aimed at testing
and training an attentional cognitive bias. As vtindy 6a, participants were able to leave

once they had finished the set procedure, whichtygsally after 35 — 45 minutes.

8.2.1.5 Data Analysis Plan

Data was explored and analysed in the same masnerStudy 6a.
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8.2.2 Results
8.2.2.1 Participant Characteristics

As a group, state anxiety increased significarittpiighout the study(1, 38) = 5.10,
p= .O?,,np2 =.12 (see Table 22). Positive affect significaciitcreased over time(1, 39) =
18.12,p< .001,11|02 = .32. Neither trait anxiety nor negative affelcainged significantly over

the duration of the study (boghwvalues >.20).
Table 22

Descriptive data for participants across the study

Measure 1 Measure 2
Mean SD Mean SD
Trait anxiety 40.89 9.33 40.21 9.73
State anxiety 33.03 9.25 35.80 9.03

Positive affect 32.50 7.40 29.25 8.60

Negative affect 13.45 3.35 13.08 3.06

8.2.2.2 Data Cleaning

Prior to the calculation of IBI scores, incorré@ls were removed from the analysis
(comprising 15.5% data: 17.8% from test 1, 17.58mftest 2, and 11.2% from test 3).
Filters were set on the remaining data to remowee&ous data, which consisted of trials
taking less than 200 milliseconds (0.5% data: 1ff¥h test 1, 0.4% from test 2, and 0.3%
from test 3) or more than 6000 milliseconds (aHfertl.9% data: 2.8% from test 1, 1.8%

from test 2, and 1.1% from test 3) in accordandé similar action taken by Grey and
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Mathews (2000). Overall, 17.5% data was removedtaltiee aforementioned reasons,

comprising 20.9% from test 1, 19.3% from test 2] 4R.3% from test 3.
8.2.2.3 Training Effects

To test the efficacy of training, a repeated messWNOVA was run using time of
interpretive bias test (test 1: pre-training usalghomographs; test 2: post-training using
previously seen ‘old’ homograpHs test 3: post-untraining using old homographs)aas
within subjects factor. A significant main effedt ttme was foundF(2, 78) = 16.03p <
.OOl,np2 = .29, which indicated that training might havesheeffective in training a more

positive bias.

Pairedt-tests were carried out to further investigatertfagn effect. As can be seen
from Table 23, looking at comparisons between testsd 2, training appeared effective
when comparing either all homographs or old homgiggaat test 2 but not when using new
homographs at test 2. This suggests that, whileitigis effective, the effects have not
completely generalised to new stimuli. Comparirgjg-3, when looking at new
homographs for both tests there is no significhainge, suggesting that training effects
remain absent in these homographs. Significantedses in IBI scores are evident when
looking at either all-all or old-old homographs tests 2-3, which implies that the effects of
training did not endure untraining. This is suppdrby the fact that comparisons between IBI
scores at test 1 (all homographs) and tests 3ofdllor new homographs) show no

significant difference (see Figure 27).

13 As with Study 6a, ‘old’ homographs refers to thisat have previously been used in tests or
training/untraining, ‘new’ homographs refers tosbdhat have not been used in previous tests or
training/untraining, and ‘all’ refers to both ‘oldhd ‘new’ combined.
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The difference between IBI scores over time acogrth homograph familiarity

Test 2 (post-training)

Test 3 (post-untraining)

All old New

All old New

Test1l All

Test3 All

Old

New

-341 .002 -5.16 <001 -60 .55
3.82 <.001
3.78 .001

2.26 .03

A1 91

180 .08 1.61 12

Note. All, Old, and New refers to the word lists thaethomographs originated from.

Bonferroni corrected = .017.
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Figure 27.Mean change (and SE) in IBI scores in all paréinis
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8.2.2.4 Post-hoc Group Allocation

In an attempt to replicate the results from St@dyusing attentional bias training, a
decision was made to split participants retrospeltiinto conditions based on their starting
bias; those starting with a more positive bias (aogre above the median of -14.56) and
those starting with a more negative bias (any sococder -14.56). There was no difference
between the two conditions in terms of entry stateiety,F(1, 37) = .18p = .67,11|02 = .01,
trait anxiety,F(1, 37) = .07p = .80,1,° < .01, positive affectr(1, 38) = 1.05p = .31,1,° =
.03, or negative affecg(1, 38) = 1.29p = .26,1],;,2 =.03. There was no significant interaction
between condition allocation and change in staxéen(p = .23) or negative affecpE .94).
However the interactions were approaching signifieafor change in trait anxietp € .08)
and positive affectp(= .06). Further analysis revealed no significamdnge in trait anxiety
for participants starting with a negative or patilBl score (bothp values > .12). For
participants starting with a positive bias, postaffect significantly decreased from a mean
of 33.70 D= 7.50) to 29.00§D= 8.98),F(1, 19) = 17.70p <.001,n,;,2 = .48. There was no
change in positive affect for participants startimigh a negative biag;(1, 19) = 3.51p =

08,1, = .16.

Training effects following group allocation. A 2 (between-subjects factor; group:
more positive starting bias or more negative stgrhias) x 3 (within-subjects factor; time of
CBM-I test: pre-training using all homographs, pwatning using old homographs, and post-
untraining using old homographs) mixed model ANOWAs conducted. As before, there
was a significant main effect of time on changéBhscore®, F(2, 76) = 10.68p <.001,np2

= .23. A significant time x group interaction wdsaidentified,F(2, 76) = 13.27p <.001,

14 Main effects are not further discussed here agrmain the same as before, see ‘Training effects’
subsection of this results section.
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an = .26. The same statistical tests were run usavg Imomographs at tests 2 and 3, and all

homographs at tests 2 and 3, with the same rdgllil{svalues <.01).

For participants starting with a positive biasrthier investigation in the form of
paired t-tests revealed no significant change in IBl scdoesveen test 1 and 2, when
focusing on all, new, or old homographs at testlPp(values > .14). A significant decrease
in IBI score was identified from tests 2 — 3 whenused on ‘all’ homographg19) = 3.33p
= .004,d = .88 (Bonferroni corrected = .017), and old homograph$19) = 3.35p = .003,

d = .94. This suggests that thmositive CBM-I training led to participants showing a
reductionin IBI scores, indicating there were adverse effexttraining. When focusing on
the difference in IBI scores on new homographsest 2-3, the corrected significance level
was not reached(19) = 2.32,p = .03,d = .54. A significant decrease was also identified
when comparing IBI scores obtained at test 1 witsé obtained at test 3 for every word list

(all pvalues < .017; see Figure 28).
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Figure 28.Mean IBI score change (and SE) in participantgistawith a positive bias
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Alternatively, for participants starting with agagive bias, further analysis revealed a
significant increase in IBI score from tests 1-2ewhooking at oldt(19) = -6.89p < .001,d
= 1.94, newt(19) = -2.66,p = .016,d = .96, or all,t(19) = -6.99,p < .001,d = 2.17,
homographs at test 2. This indicated that trairiing the expected effect of improving IBI
scores. There was no significant change betweerohthe word lists from test 2 — 3 (al
values > .05). A significant improvement in IBI ses at test 3 compared with test 1 for old
homographst(19) = -6.12p < .001,d = 2.16, and ‘all’ homograph§19) = -3.31p = .004,
d = 1.20 was found. However no change was observédeba the two tests for new

homographst(19) = -.90,p = .38,d = .31 (see Figure 29).
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Figure 29.Mean IBI score change (and SE) in participantgiatawith a negative bias
Summary

When considered as one group, training appearéeé teffective when looking at all
or old homographs at test 2. However there wer&raining effects for new homographs at
test 2, suggesting that the training had not gdisethafully. Further, the training effects for
all and old homographs appeared to extinguish viellg untraining. A post-hoc split
according to starting interpretive bias (more pesitor more negative) revealed some
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potential negative effects of training when papaeits started with a positive bias.
Participants starting with a negative bias, altevety, appeared to benefit from training with

the effects enduring untraining.
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8.3 Discussion

This study sought to identify whether an acuteqekdf ‘untraining’, that is, a series
of trials that mimicked training in structure amehgith but had no contingency between the
positive emotive word (CBM-A) or homograph interatgon (CBM-I) and the target (CBM-
A: dot probe; CBM-I: associated word fragment), laag effect on a freshly positive-trained
bias. For attentional bias, initial analysis suggeéshat the hypothesis was not supported.
Results indicated that training had been ineffegtas there was no increase in ABI scores
either on trials that included word pairs that baén previously seen (old) or those that were
new (new). In consideration of findings from a neicgtudy suggesting that an individual’s
initial bias was able to moderate their receptigsre training (Amir, Taylor, & Donohue,

2011), the data was subjected to a post-hoc meign

In line with Amir et al. (2011), CBM-A training vefound to be ineffective in
participants who had started with a stronger pasibias relative to the group. Further,
indications from the mean and a trend effect suggehat training was starting to have
adverse effects, as ABI scores were lower at thergk(post-training) attentional bias test in
this sub-group. Alternatively, participants who teacklative negative starting bias showed
significant increases in ABI scores between testedL2, and no change between tests 2 and

3, which is taken to signify that training was etfee and that the effects endured untraining.

When considered as one group, participants whemweht CBM-I training did
partially appear to show predicted effects of iragnas interpretive bias index scores
significantly increased from tests 1 — 2 when logkat homographs that participants had
been previously exposed to (old) or all homogrgjalis at test 2. There were no significant
effects of training when looking solely at homodraphat were new to the participant at test

2 (new), suggesting that the effects were not gtemmough to generalise to new material.
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Further, the training effects found in old andhelmographs at test 2 appeared to be

extinguished by untraining by test 3.

Again exploring notions stemming from Amir et al(2011) findings, the sample
from experiment 6b was also subjected to a meganbased on starting bias. Results
supported findings from Study 6a, as participatagiag with a (relative) negative bias
showed positive effects of training that were mamed through the period of untraining
while participants starting with a (relative) posgtbias showed no effects of training.
Further, this subgroup showed significant decreasl scores between tests 2-3 and 1-3,

suggesting that the procedure may adversely affeatpretive bias.

The post-hoc median split findings from both expemts support Amir et al.’s
(2011) study and posit that a participant’s natbras should be considered before rendering
them suitable for CBM training. Evidence of thes¢tgrns of response are of critical
importance, as it has previously been unprecedeatednceive of a notion that there would
be situations for which CBM might not be suitabteralividuals for whom CBM training
might have an adverse affect. The results fromwlzeexperiments presented here, in
addition to those from Amir et al., suggest thatMCBiight be less a case of generic help and

more a directed cause for repair where damagesexist

It is acknowledged that participants in the curstndies were categorised as having a
more positive or a more negative starting bias @ting to a median split of bias index scores
in each of the study samples. It remains possitaethere might be some common cut-off
according to bias index scores, above which trgimould always be ineffective or
negatively effective. It seems plausible, at lethst there exists some looser form of class
determining suitability according to bias indexs;avhich might better define who would

be best suited to CBM. It is further likely thaetabsence of these patterns of response in
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previous work demonstrating the potential of CBMialinical setting (e.g. Amir et al.,

2009) can be attributed to the participant sampdé was recruited. For example, Amir et al.
focused on participants who had been diagnosedgeitieralised social phobia
symptomology. In consideration of the strong inedisk between anxiety and cognitive bias
(e.g. Eysenck, MacLeod, & Mathews, 1987), it ihkthat such a sample would have
naturally all had strong negative biases. Formd@son all participants might arguably have
inadvertently fallen below this theoretical threshof suitability and so would all have been

receptive to the positive effects of CBM training.

It is possible to cautiously apply some of thadagssembled from the present
findings to the results of Study 5. In Study 5, ethwvas conducted before the present two
experiments and before the publication of Amirlés #2011) study, there was no
consideration made to natural bias and individuahbility to CBM-I training; all
participants received either sham or positive CBivkining. Following training, participants
then completed an interpretive bias test to chewngther training had been successful.
Statistical testing did confirm this, with partieits in the positive CBM-I training group
having a significantly more positive bias than gpants in the sham CBM-I training group.
However, though statistically significant, the etfsize was small (.07). This could arguably
be due to the finding from the present experimérds participants do not all respond to
training in a uniform manner. For example, by tiagnall participants regardless of their
starting bias, some participants (who had a startegative bias) might have been more
receptive to positive CBM-I training while othersho had a starting positive bias) might

have been less receptive to positive CBM-I training

Results from Study 5 suggested that participants sgported high levels of test
anxiety showed an improved cortisol recovery totds stressor following positive CBM-I

training relative to sham CBM:-I training. Alternagily, participants who reported low test
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anxiety who received positive CBM-I training showmabrer sAA recovery to a test stressor
relative to low test anxiety individuals who reasivsham CBM-I training. In hindsight, it is
possible to cautiously assume that those indivluddo had high test anxiety might
plausibly also have had a naturally occurring siesmegative bias relative to those who had
low test anxiety. In line with the current experimed findings, it could therefore be proposed
that those participants who had a stronger neghtag(inferred from having higher test
anxiety) were more suited to the positive CBM-Irtiag group than those who had a
stronger positive bias (inferred from having lowest anxiety). Further, those with a stronger
positive bias (low test anxiety) appear more suitethe sham CBM-I training group than

those with a stronger negative bias (high testetpxi

The present study adopted a fairly rudimentary oetogy with regards to the
positioning of the untraining period immediatelyeafthe training period. Future research
might seek to investigate a larger timeline oféhduring effects of training. For example,
participants might undergo a more intense scheafulBM training on one day, week, or
month followed by a similarly intense session ofraiming the next. Alternatively, studies
might look to interchange daily episodes of tragiiimtraining a bias to determine whether
any accumulating effects of training are able teetlgp when training sessions are
interrupted. This might help researchers to beftelerstand the individual features that make
training successful, which could serve to strengtine impact of training in terms of its
clinical potential by improving guidelines relatitg CBM training. Further, it would be
worthwhile to include measures of stress physiologyture more long-term research, to

investigate the influences on psychophysiology.

In conclusion, the present study has found evidéasuggest that CBM training
might not be generically suited to all but morecsfpeally suited to those who need it. For

individuals to whom training is suitable, one sesf either attentional or interpretive
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training was found to be successful in improvingsbwith the effects generalising to new
material. These effects were found to be robustigh®o endure a session of untraining that
was presented immediately afterwards. For indiMgltawhom training appears unsuitable,
evidence emerged to suggest that positive traimigint adversely affect bias. These results
seem promising in terms of the methods’ potentaltiie use in a clinical setting, although
caution should be issued to future research stullasise a control group who are
considered to have ‘normal’ levels of anxiety. Rertresearch is needed to understand the
nature both of who might be suited to CBM and alsthe conditions under which CBM
might be most effective. As a clinical tool, theremt study does support the broad literature
suggesting its potential, though much work is ndgutéor to its release as an alternative to

more conventional therapies.
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9.0 CHAPTER NINE

GENERAL DISCUSSION

Previous research had found evidence for a retiprbetween cognitive bias and
the perception of stress. However, there has bikenslystematic attempt made to understand
whether cognitive biases also relate to the bialalgiesponse to stress. If, as hypothesised,
the biological response to stress is linked to dognbias then biases hold the potential to
predict both an individual’s feelings about straed also the manners in which the brain
communicates stress to the body. This has potbnpisdfound implications for the long term

health of individuals with negative biases.

In view of the critical importance of reliably mesmg the biological response, two
studies (Studies 2 and 3) researched the optimiddads and practices of collecting saliva
samples. The results of these two studies higlddygender differences and fed into the

studies that examined the relationship betweendndgshe physiological stress response.

Studies investigating the bias/stress responsgarthip (Studies 1, 4, and 5)
encountered unexpected difficulties in elicitinggdsological and biological stress responses.
Where a stress response was induced, there wasdigvidence to support previous research
demonstrating a robust link between attentionad biad emotional vulnerability to stress
(Study 4), and no suggestion of influences on &gioal scale. Similarly, interpretive biases
were not shown to strongly moderate psychologiespponses to acute challenges (Study 4),
and positive CBM-I training did not serve to buff@bsequent exposure to stressors (Study
5). However, interpretive biases did appear to metdehe biological recovery process, and
positive CBM-I training was found to lead to a mefécient biological recovery following
acute stress relative to sham training in high-aesious individuals. Importantly, for both

CBM-I and CBM-A, evidence emerged to suggest ttaaniing techniques might in some
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instances lead to negative effects. For particgamto had low levels of trait anxiety (Study
5) or a natural positive bias (Study 6), positiraring appeared to lead to a slower
biological recovery to stress and either no chamgesignificant decrease in bias index

scores.

These findings will be discussed in terms of tleeiginal contribution to the field, the
implications of such findings regarding the cliipatential of CBM techniques, limitations
of the research, and directions for future reseddbor to this, studies will be briefly

summarised to remind the reader of their individaials and outcomes.

9.1 Summary of Studies

Study one.With the aim of establishing a reliable social ctign stressor paradigm,
this study adopted a protocol that was adapted Btaokhart, Eckel and Tice (2007), who
reported a significant cortisol response. Socigateon was induced in female participants
by making them believe that no person in a groyptdud individuals) wanted to partner
them for a group exercise. The study did not shademice of an ANS physiological stress
response, with no change being found in the ratéhath sAA is secreted. Further, social
rejection appeared to lead to a significant deer@asortisol concentration relative to the
comparison (social inclusion) condition. Psychotadjivariables also largely showed no
significant change in response to the intendedsbrre Participants in the social rejection
group reported no change in their perceived stassdexed by the SACL). Measured
through a visual analogue scale, reported optinaisthhappiness were found to decrease
following social rejection, though reported levefdension and distress remained
unchanged. Overall, the study was unsuccessfts irns to replicate a biological and

psychological stress response using Blackhart’stsacial rejection paradigm.
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Study two. This study was developed in response to obsenangesodd
physiological patterns in Study 1, specificallyding consistent and unexpected changes
between the salivary flow rate and analyte levelhe first two saliva samples. Study 2
examined whether a practice saliva sample was sage® increase the validity and
reliability of the first ‘real’ sample given, whiabften forms all or part of the crucial baseline
analyte data. Two groups of participants practgat/a donation using the passive drool
technique (once or three times), and one group affoeded no practice sample. Participants
then all gave four saliva samples, from which fi@ate was calculated and assays conducted
to determine levels of cortisol and sAA. As predd;tcortisol was unaffected by whether or
not participants had practiced the technique. Aigant main effect of time was identified
for variation in flow rate, with an increase in gaenvolume being found between samples
one and two. This main effect was further qualifogch significant three way interaction
between flow rate, group allocation, and gendepl@&atory investigations revealed the
hypothesised “practice effect” in female particifsawho had not practiced the technique,
evidenced by a significant increase in flow rateudeen the first two samples. This effect
remained absent in samples from female participahtshad practiced the collection method
either once or three times, and in males entiféhgre was no evidence of any practice
effects in SAA activity, which was unexpected githa observed findings in flow rate, and,
as expected, no change in sAA output. Overall, BRubund evidence to suggest that, to err
on the side of caution, research protocols thaturefemale participants and collect saliva

would benefit from implementing practice samples.

Study three.In a bid to establish an optimal procedure forvsatiollection, Study 3
sought to compare two common methods used in bahelral research to collect saliva;
passive drool into a cryovial and collection usin§alimetrics Oral Swab (SOS). Participants

gave a sample using both methods (counterbalandedignificant difference was found in
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flow rate or SAA activity or secretion between th® methods. Cortisol was found in
significantly increased amounts when samples welteated using the SOS relative to the
passive drool method. Even so, significant cori@tet were found between the two methods
for flow rate, cortisol, and sAA activity and setwo@. Further, drawing on the practical
concerns associated with working with saliva, thecabent swab from the SOS acted as a
filter for sample debris, resulting in a cleanangée. This significantly enhanced the utility
of low volume samples, which can otherwise be decomeisable. Taken together, these
findings led to a decision to favour saliva coliestthrough SOS absorption relative to

passive drool.

Study four. Adopting the methods and procedures developedldi&t 2 and 3,
Study 4 examined the predictive capacities of rhinterpretive and attentional biases on
psychophysiological responses to an acute stréssoial ostracism) task. Implementing
some recommendations arising from Study 1, Stuagapted an alternate stressor design in
which participants were unexpectedly ignored dudryminute presentation of a
neutral/positive topic to two (confederate) papnts via a video conference link.
Conferences were in fact artificial, with pre-reded videos replacing real-time interactions.
Participants took part in two of these staged atgons. During the first one, confederates
assumed a neutral role, whilst in the second tletgdan a way to induce positive or negative
reactions. Positive reactions were induced thrargiiing, leaning in to the camera, and
nodding. Negative reactions were induced by disgingafrom the participant’s presentation
and whispering between themselves. Interpretiveadiethitional bias was measured prior to
the stressor, and was used to try and predictti@mian psychological and physiological

measures.

Indices of psychological well-being indicated thsk was stressful, with an increase

in feelings of social rejection (from specific iterambedded in the PANAS) and state anxiety
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(STAI-s), as well as a reduced fulfilment of primaeeds. Condition allocation (social
ostracism, social inclusion) was found to signifita predict variation in psychological
measure; stress (SACL), and positive and negatfeetd PANAS). However, condition
allocation did not predict changes in cortisol AAssecretion. Attentional bias was identified
as a trend predictor for changes in negative affR8NAS) in response to the process of self-
presentation (OCam 1 - neutral), though was naltiptige of other psychological or
physiological responses to the task, and held edigtive power for responses to social
ostracism or recovery. Interpretive bias emergea @ear significant predictor for variation
in reported stress (SACL) in response to the t@skam 1 - neutral), and was also found to
be a trend predictor for variation in negative efffi@ socially included participants only.
While interpretive bias was not found to prediggg®logical or physiological responses to
social rejection, it did appear to be a trend pmtediof SAA recovery to the process of self-

presentation.

Overall, Study 4 found little evidence to suppotiséng literature that suggests a
robust link between attentional and interpretiv@sbs and emotional vulnerability, and did
not replicate recent investigations on the physjiclal stress system and bias that have
documented responses to the same effect. Of ihtéesever, interpretive bias was here

found to influence recovery from acute stress.

Study five. Study 5 explored the effects of CBM-I on the psyatysiological stress
response. A decision was made to use a stres&ahtgtshad been developed in parallel to
the research presented in this thesis that foooisgeerformance stress. Justification for this
change in direction arose from the fact that the paradigm had successfully been shown to
act as an acute stressor, had been used to deatergdéar links between bias and the stress
response, and was sensitive to CBM-I techniquesiciants completed a session of CBM-I

training using ambiguous vignettes (70 scenar@aijticipants then completed a recognition
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test before taking part in the stressor, which ipocated academic and social themes. In
groups of up to 12, participants were instructedaimplete three short computer tests, and
received deceptive information specifying the natifrthe tests (that they measured
intelligence) and difficulty (that participants shd not encounter problems in completing the
tasks). The three programs were designed to beregty challenging. Participants were also
informed that their performance would be displagablicly at the front of the room and that

they might have to comment on their score showdg grerform particularly well or poorly.

Questionnaire measures (SACL, PANAS, and STAI-geaped to confirm that the
task was acutely stressful, though no significatgraction was found between changes in
these psychological measures over time and CBMwlition (sham or positive training). As
in Study 4, this finding appeared to contradictivas studies that have documented a
reduced psychological vulnerability to stress failog CBM-I training. Test anxiety
appeared to influence psychological responsesetsttiessor, with higher test anxiety being
associated with a larger psychological responsgivel to lower test anxiety. Cortisol
appeared unaffected by the stressor, though agstimnxiety was found to significantly
interact with reactivity. A significant decreasecirtisol was identified following CBM-I
training, which appeared steeper for low anxioukviduals when they were in the sham
training group and for high anxious individuals wtteey were in the positive training group.
Further, high anxious individuals showed a fastetigol recovery from the stressor only
when they had received positive CBM training asosagol to sham training. Alternatively,
sAA was found to significantly increase followin@® training, remain unchanged
following the stressor (though changes were inpiteglicted direction), and then recover
following the stressor. As with cortisol, test agtyi appeared to also influence recovery in
sAA following the stressor, with low test-anxioumslividuals who received positive training

showed a blunted recovery relative to low anxiaabviduals who completed sham training.
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These findings allude to suggestions that prioietgmight mediate the relationship
between bias and the stress response and, configgoeght also determine suitability of

CBM training.

Study six.In two experiments, Study 6 tested the immedidb@istness of trained
attentional (dot probe training; Study 6a) andrimtetive (homograph training; Study 6b)
biases. Both experiments shared the same expedhtssign. Participants completed a
single session of positive training (CBM-A or CBYHefore completing an “untraining”
session, which was composed in exactly the sanmeaftaout without the training
contingency. For example, in CBM-A training, thelpe was consistently placed behind the
positive word whereas probes in the untrainingieassere placed behind positive or
negative words with equal frequency. Alternativéy3M-I training consisted of constantly
drawing on the neutral interpretation of the honapdy; whereas untraining drew both on

neutral and negative meanings with equal frequency.

Following an unexpected initial absence of traingfigcts in Study 6a, and in
consideration of recently published findings, aptants were allocated into retrospective
groups according to a median split of the samfilaseline bias measures. Following this, a
significant interaction between group and bias idastified. Training was found to be
effective in participants who were allocated to tiegative bias group (i.e. those with a
baseline bias that was lower than the median sdéugdher, in this sub-sample, the process
of untraining was found to bear no influence orsthenprovements. Alternatively,
participants allocated to the positive bias graum those with a baseline bias score higher
than the median) showed no effects of trainingrdraining. In an attempt to directly
compare the effects of CBM training between studiesticipants in Study 6b were
retrospectively allocated into positive and negasitarting bias groups in the same fashion.

This revealed exactly the same findings, with pgréints in the negative starting bias group
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showing significant training effects that surviuaatraining while no training effects were
present in the positive starting bias group. Furtimethis latter sub-sample, biases were
found to become significantly moregativefollowing the untraining session. This study is
the first to demonstrate negative effects of atp@siCBM training, and suggests that the

techniques might be suited only to people who migasonably benefit from them.

9.2 Physiological Responses to Stressor Tasks

Following initial analysis, none of the stress@kimemployed in the studies presented
here (Studies 1, 4, and 5) appeared to successlidiyya physiological stress response.
While Study 1 additionally showed no evidence ddrales on standardised stress
guestionnaires, Studies 4 and 5 did induce feelifgsjection (Study 4), as well as stress,
anxiety, and negative affect (Studies 4 and 5) nBwigh these significant psychological
changes, certainly in Study 5 there appeared todistinct absence of any clear shifts in
cortisol and sAA. To explore reasons behind th@gaueent contradictions, task selection and

timings of sample collections will be discussedum.

9.2.1 Task selectionStudy one. The lack of a response both on a psychological and
physiological scale following the social rejectimsk employed in Study 1 brings about the
conclusion that the task per se may have beerlkit fia spite of the care taken to research
appropriate stressor tasks, there are several gsahat, with hindsight, are argued to
significantly contribute to the overall unsuccessimployment of this task (s&tudy 1.:
Discussioi. As an example, the delivery of the stressful aspétttis task involved the
researcher informing the participant that they hadbeen selected by any of their peers for
the group exercise. This entire discourse, inclydne researcher entering the room,
providing the information, and setting the partasipup on the group task alone, took no

longer than a couple of minutes. The purpose o$emgently actually completing the group
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exercise (alone) was two-fold, both to enable pgdints time to ruminate on their rejection,

which has been found to intensify cortisol reatyiyZoccola, Dickerson, & Zaldivar, 2008),

and to follow through on the original study briktfis possible, instead, that the information

was received and the group exercise then providesful distraction from the participant’s

brief embarrassment of being rejected by the grbupum, while the task contained both

elements of a socio-evaluative and uncontrollablene, it did so with insufficient intensity

and consequently was unsuccessful in acting asu#e atressor.

Study five. Study 5 was successful in significantly elicitinggychological stress

response, yet apparently did not stimulate anyifstgnt physiological response. In

consideration of the fact that this task employkedspects of Dickerson and Kemeny’s

(2004) three key factors it is likely that, in tliiscumstance, alternative reasons underlie the

absence of changes in sAA (ssmmple collection pointselow). Alternatively, there is an

argument to suggest that cortisol did respondéeattute stressor task.

Cortisol reactivity

Decrease

Time difference m

between samples

No change

SAMPLE 1

SAMPLE 2

SAMPLE 3

SAMPLE 4

SAMPLE 5

Baseline

Post-CBM

Time difference
between samples

Cortisol reactivity

Immediately
post-stressor|

20 minutes
post-stressor

30 minutes
post-stressor

Decrease

Decrease

Figure 30.A flow chart showing the structure of samples aodisol reactivity throughout

Study 5.
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As shown in Figure 30, cortisol was found to deseegenerally across the study with
the exception of between samples 3 and 4, whiatesepted the 20 minutes following the
end of the stressor. Adopting Blackhart, Eckel, @me’s (2007) justification, this pattern
could be interpreted as cortisol’s natural diughetline being interrupted through external
activation. This would imply that, by cortisol hoid constant, individuals were actually
displaying a HPA response. However, this intergi@tamust be drawn with caution as there
is no control comparison group that did not congtée stressor task therefore this must
remain only a possible interpretation and futuueligs would be necessary to test this
possibility further. Furthermore, if authentic, thiéects appear quite transitory, as a decrease
in cortisol is evident just 10 minutes later (angde 5). Though speculative, this inference is
supported by the changes in psychological stage (eported stress, etc.) and would further
support the argued masked sympathetic (SAA) effaciise task (seBample collection

pointsbelow).

Study four. Arguably the task used to induce stress in Studigldnduce a significant
sympathetic response albeit not as intended. Aessgrnal design was adopted to analyse the
data in Study 4, to most appropriately addresstam research question regarding the
predictive capacities of natural attentional artdrjpretive bias. For this reason, ANOVAs
were not conducted to directly assess the physmabgnpact of the social ostracism task
alone. Addressing that topic retrospectively, adh@lition: social ostracism, social inclusion)
X 4 (time point: baseline 2, post-OCam 1, post-OQaind 30 minutes post-OCam 2)
repeated measures ANOVA reveals a significant chamgAA secretion over timé&(3,

201) =11.42p< .001,np2= .15, that is not qualified by any significantardaction by
condition,F(3, 201) = 1.13p = .34,np2: .02. Though this result is unexpected (speciiycal
finding a main effect that isot qualified by a significant interaction), furthewiestigation

demonstrates a significant increase in sAA onlipfeing the first (neutral) OCant(74) = -
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5.30,p <.001,d = .50. At this stage, participants have experiermezattly the same study
protocol, hence the absence of any interactiondoglition is understandable. There is no
significant change in SAA between the two OCam egl@the second of which contained the
social manipulative element),/2) = 1.60p = .12,d = .16, however following OCam 2 there

is a significant drop in sAA(71) = 2.83p =.01,d = .28 (see Figure 31).

28
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Baseline 2 Post-Ocam 1 Post-Ocam 2 + 30 minutes

Figure 31.sAA reactivity over Study 4.

The above findings imply that, while public negatevaluation failed to activate the
sympathetic stress response, the act of self-ptas@m (i.e. merely participating in the
OCam video tasks) was successful in doing so. Bertias finding further indicates that,
while acute stressor tasks are advised to corftaimpportunity for social evaluation, this is
necessary only as a potential outcome rather thactal one. This speculation is supported
by Brosschot, Gerin, and Thayer’s (2006) persei@ratognition hypothesis, in which a
large degree of physiological activation is argtetle due to thinking about stress. Put
another way, and drawing on a famous quote fronk&peare, “There is nothing either

good or bad, but thinking makes it so”.
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Turning to the cortisol response, a 2 (conditiatial ostracism, social inclusion) x 4
(time point: baseline 2, post-OCam 1, post-OCaang, 20 minutes post-OCam 2) repeated
measures ANOVA also showed a significant main ¢fétime,F(2.27, 106.45) = 5.4 <
.Ol,np2= .10 (Greenhouse Geisser corrected), with nofsignit interaction by condition,
F(2.27, 106.45) = .3%) = .73,1,°= .01. Explored further, cortisol was found to réma
unchanged between samples 2-3 (baseline 2 — postrQ§;t(59) = 1.37p = .18,d = .10,
and 3-4 (post-OCam 1 — post OCamt@®4) = -1.01p = .32,d = .05, before showing a
significant decrease between samples 4-5 (post GCa@0 minutes after post OCam 2),
t(55) = 3.74p < .001,d = .21. Recalling the finding of a significant dezse in cortisol
between samples 1 (baseline 1) and 2 (baselirtbi2)jnding appears to corroborate the
suggestion that the act of social presentatiordeasdea sole acute stressor. Again drawing on
cortisol's natural decline throughout the day (8&gchanan, Kern, Allen, Tranel, &
Kirschbaum, 2004), the noted decreases in cothstween samples 1-2 and 4-5 could
indicate an uninterrupted natural rhythm (see Fe@#). During the 20 minutes between
samples 2-3, and the 10 minutes between sampld8@+#inutes in total), cortisol levels
remain unchanged. During this time, participantsew®eparing for and taking part in the
self-presentation tasks. Arguably, this could adpnnterpreted as a disturbance of the
diurnal rhythm caused by exogenous activation efHRA axis. As with SAA patterns of
response the evidence suggests that, while aauail sejection was unsuccessful in
inducing any physiological activation, the merebiity of socio-evaluation embedded in

the act of self-presentation succeeded in doing so.
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Figure 32.Cortisol reactivity throughout Study 4.

9.2.2 Sample collection pointsAs sAA is released almost instantly following ndura
and cellular changes (see Nater & Rohleder, 2@ feview), changes in response to an
acute stressor would be expected imminently. Attevely, cortisol is the end-product of a
cascade of hormonal changes and therefore, wittrdhefer time from serum into saliva,
stress-induced changes are normally subject te20Ifinute post-stressor delay
(Kirschbaum & Hellhammer, 1989). While researchgpscally position the sample
collection points in accordance with these consitiens (see Figure 38r an illustration of
the designs used in the studies presented inhtbsss), it is possible that mistiming collection
points risks inadvertently missing peak changes. liKelihood of this occurring for sAA
mounts as the time taken to complete the streaskrimcreases. However, in consideration of
the difficulty in eliciting cortisol responses tlugh laboratory stress procedures (Dickerson
& Kemeny, 2004), researchers intending on measurirtiy ANS and HPA responses to a
single challenge are presented with the dilemnfanefy balancing optimal conditions to

observe changes in both systems.
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Figure 33.Flow chart to show stressor / saliva sample stractu

Certainly in Study 5, which consisted of a 10 ménsiressor, it is likely that the

sample taken immediately after the task failedayotere the peak sAA response due to the

reasons discussed above. This is supported bythéhfat the secretion rate was found to

increase following the stressor, though was nobdoto be significant. As a further

unintentional confound in documenting the stresked change in sAA in Study 5,

secretion rate was found to increase betweenitehito samples of the study (sample 1:

baseline; sample 2: post-CBM training; see Fig@&®&ow, reproduced from Study 5).
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Figure 22.Changes in alpha amylase secretion over the stadlgsed across conditions).

Reproduced from Study 5.

The increase in sAA evidenced between the firstsamples presents two problems
as, firstly, the ensuing (non-significant) increas¢éween samples 2-3 could be attributed
either to participation in the stressor or couldgehaarried over from the previous cause.
Second, it removes the existence of a reliablespresss measure of SAA. As sample 1
(baseline) was taken after a practice sample,@bapnately 25-30 minutes into the study, it
is arguably an accurate and reliable baseline measlowever, the rise in SAA documented
between the first two samples rules out the usawiple 1 as an appropriate baseline against
which to compare stress-related changes in sAferAdttively, sample 2 is not an ideal pre-
stress measure either as it now contains the inhariation in sAA. With hindsight it is
possible to argue that these factors probably aabatly contributed to not finding a

significant increase in sAA following the stressor.

Summary. Though none of the tasks employed in Studies & 8,were successful
in eliciting anincreasen cortisol, arguments presented above indicateShalies 4 and 5
may have managed to activate the physiologicatstresponse systems in the desired

manner to some extent. As is evident, using salis@markers to measure physiological
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changes to acute stressors presents a challeitgelinWhere possible, future studies using
salivary biomarkers are recommended to adopt alsidgsign where participants are not
required to complete several different tasks setigignon the same day. In Study 5, this was
proposed to interfere with accurately documentingss-related changes in sAA. Further,
sample collection points need to be carefully paoséd in the design of the study to prevent

peak reactivity being missed, which is not alway®asy feat (e.g. Study 1).

Though the tasks used in Studies 4 and 5 appdmvi®elicited activation of the
physiological stress response systems to a cetégree, they are clearly not as effective as
some of the more established procedures. For exatig Trier Social Stress Test
(Kirschbaum, Pirke, & Hellhammer, 1993) appeartddhe most reliable of the popular
choices of acute stressors due to its apparentitgpa consistently evoke increases in
cortisol regardless of typically confounding fasteuch as diurnal variation (e.g. Kudielka,
Schommer, Hellhammer, & Kirschbaum, 2004). In time@ta-analysis, Dickerson and
Kemeny (2004) argue that this is due to the taskiding elements of uncontrollability,
socio-evaluation, and being personally relevaniveicer, the results from Study 4 suggest
that the perception of these factors might be neseential than their actual occurrence.
Participation in the self-presentation aspect ef@Cam paradigm was sufficient to elicit
increases in sAA and cortisol, while actual ossacbnly served to worsen reported
psychological states and had no effect on physicébgesponses. To an extent, the actual
rejection aspect could be argued to have redueethtpact of uncontrollability, as it forces
the move from a “What happens if they don’t like7hto a “They don't like me, how will |

cope?” mentality.

Compared with more continuous methods of measyniygiological response, such
as continuous blood sampling to capture HPA actwadr heart rate or electrodermal

tracking to monitor ANS activation, saliva does\pde a practical and minimally invasive
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alternative. However, this thesis has documentetkgaroblems associated with collecting
accurate and reliable samples. Through applyinggbemmendations noted in Studies 2 and
3, specifically using secretion rate calculatiohsAA for the purposes of analyses,
consistent implementation of a practice sample,catidcting samples with the aid of a
swab, no further problems were encountered in 8sudliand 5. Therefore, with such
cautions heeded, saliva is still recommended tihéenost suitable option for investigations

into biobehavioural stress research.

At this point it is noteworthy to consider the reas for employing stressor tasks in
terms of the scope of this thesis. The primary @ifiitinis thesis was to investigate the
relationship between cognitive biases (natural odifred) and the psychophysiological
stress response. Of the limited range of studisalso address this subject using similar
strategies, not all have observed significant iases in stress biomarkers following a “stress
task” (e.g. Hoppitt, Mackintosh, Randall, & Bristpunder review). Nevertheless, interesting
results have been noted in spite of this abserggesting that the much anticipated main
effects of task are not necessary in such invdstiga Even so, the absences of main effects
might explain why no influences of bias were evidarithe initial response stage. Future
research might seek to investigate this outstanglirggtion using the TSST which, though
expensive and time-consuming to conduct, has besmonly shown to elicit cortisol

responses.

9.3 Bias and the Stress Response

Study 4 measured the predictive capacity of imetipe and attentional cognitive
biases on the psychological and physiological respdo an acute stressor, while Study 5
explored the influence of a single session of CBMtlthe psychological and biological

effects of acute stress. Whereas previous studes $hown evidence of more positive biases
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(either natural or through bias modification tramgy) being consistently associated with a
reduced psychological impact of an acute stress® Beard, 2011, for a review), the studies
presented within this thesis found only limited got for this link. Further, initial
interpretations of the findings from the researakspnted in this thesis demonstrated a lack
of generalisation of bias influences in terms ofslogical reactivity to stress. However,
further consideration of similar literature revejistification for some findings and exciting

innovations for others.

9.3.1 Attentional bias.In Study 4 attentional bias was found to serveras a
independent predictor of changes in negative affertsponse to participation on the first
OCam task. This task was found to act as a stresgibrsignificant increases in reported
negative affect and stress. However, attentiorad tias not found to significantly predict
changes in reported stress or positive affect duhirs time, nor was it found to predict
changes in any of these variables following th@sd®Cam task. These findings therefore
provide only limited support for previous reseaticht demonstrates a robust link between
biased attentional processes and psychologicakvaitiity to stress. Of further interest,
attentional bias was not found to significantlygiot changes in sAA or cortisol during this
time. As evidence presented in earlier sectiorthisfdiscussion suggests, both measures of
physiological activity are argued to have responteitie self-presentation aspect of the
OCam. Therefore the data suggests that attentamebido not significantly influence an

individual's physiological response to stress.

These findings are partially supported by Fox,iliadand Zougkou (2010), who
found pre-existing attentional biases to be prediabf subsequent cortisol response to acute
stressors presented either 4 or 8 months latervaimin measures of attentional bias included
masked stimuli. Masked stimuli were presented oeestfor just 14 milliseconds, and

therefore remained outside the bracket of cons@maseness. Alternatively, stimuli that
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were unmasked (300 millisecond presentation perad¥ not found to significantly predict
cortisol responses to either acute stressors. Falx @& gue that their findings demonstrate
evidence that early stage (i.e. preconscious) geaeg biases are more influential in
predisposing vulnerability to anxieties relativddter stage conscious biases. As Study 4
included only unmasked stimuli, the absence off@egictive powers of attentional bias

could be seen as support for Fox et al.’s suppositi

Koster, Baert, Bockstaele, and De Raedt (2010lpex¢ the potential for CBM-A
training (dot-probe) to influence early (unconsapand late (conscious) stages of processing
biases. Participants were found to show no effefctiaining when training stimuli were
masked, with presentation controlled at either 30s&conds or 100 milliseconds. When
stimuli were unmasked (500 millisecond presentatiparticipants showed the typical
changes in bias following training, with a reduegigntion bias to threatening materials
following positive training but not control (shamnqining. This replicated findings by
MacLeod, Rutherford, Campbell, Ebsworthy, and Hol®02; Experiment 1), who also
found CBM-A to be ineffective when stimuli were pemted outside of conscious awareness

(20 milliseconds).

While proving effective in attentional bias modédtmon, under Fox et al.’s notion
(with support from Study 4 findings) that only gafpreconscious) attentional biases are
influential in predicting individuals’ physiologitaulnerability to acute stress, one might
expect typical attentional bias modification progezs (that work within conscious
awareness) to be ineffective in reducing the phggioal impact of stressors. However, in
the only published study to date of its kind, Damebeu, Baldwin, Baccus, Sakellaropoulo,
and Pruessner (2007) do identify a potential fanasked (and therefore conscious)
attentional bias modification to affect physiolaglistress. Using a slightly different method

to the conventional dot-probe task, participantsewequired to complete trials in which they
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located a still image of a face showing a neutxptession amongst a 4x4 matrix of photos
of people looking angry. Participants were a grotifelemarketers, who experience a high
degree of occupational stress associated with rgadaid calls, such as continuous rejection.
Following a five day training period, participamtto completed this find-the-happy-face (as
opposed to a find-the-flower control task) releasigdificantly less cortisol over the final
working day (the assumed stressful event). Desipgeuthors referring to their training as
targeting early stages of attention, the methode®participants to make a conscious
decision and so would likely be classified by bbtx et al. (2010) and Koster et al. (2010)
as being directed towards later stages of attenfisrsuch, and according to Fox et al.’s
hypothesis, the training should not have been e reducing physiological activation.
However, it could be argued that Dandeneau ettahising technique operated by
encouraging a rapid conscious disengagement frogatticues, as participants were required
to find the single neutral facial expression amomigs remaining 15 unhappy facial
expressions. Therefore, with the source of stressaated with working as a telemarketer
originating from the potential for rejection resodf from making cold-calls, this type of
training seems perfectly tailored for such a sangpbeip for two reasons. In addition to
promoting active disengagement from such rejectioafraining might act almost as a fixed
reinforcement schedule as participants would Idaaheventually they would always find the
neutral face in the 4x4 matrix. This could arguabdynsfer onto an individual's appraisal of

cold-call success and amend their method of copitigrejection.

9.3.2 Interpretive bias.In Study 4, interpretive bias emerged as a siggmific
independent predictor of changes in reported sfadiesving participation on the self-
presentation (OCam 1) task, though not of changesported positive or negative affect.
Again, this only partially supports existing liteuee that claims a link between biased

cognitions 